198806400 - Kootenai River Native Fish Restoration and Conservation Aquaculture

Sponsor: Kootenai Tribe of Idaho
Budgets: FY07: $1,970,800 | FY08: $2,739,146 | FY09: $3,523,054
Short description: Prevent extinction and begin rebuilding healthy age class structure of sturgeon and burbot using conservation aquaculture techniques with wild broodstock. Reintroduce kokanee into westside tributaries. Provide fisheries program outreach.
view full proposal
Recommendation: Response requested

Comment:

INITIAL NOTE TO THE ISRP: Project sponsors appreciate the opportunity to communicate with the ISRP. Incorporation of past ISRP recommendations has helped to improve the quality of this project and incorporation of new recommendations should help improve the future quality of this project.   Project proponent responses to individual ISRP comments are sequentially addressed below. ISRP Comments are presented in plain text, project responses are provided in bold text.

ISRP Comment 1: This is an excellent proposal in many respects. The project has a history of being well managed and productive. But its breadth and complexity can be confusing and have led to questions and concerns. 
Project Sponsor Response 1: ISRP Comment 1 is a general summary of the proposal review, for which no response appears needed. However, with the responses provided below, project sponsors hope to clarify any questions or concern the ISRP may have with the proposal, important project features and predicted outcomes.
ISRP Comment 2: The summary of the Kootenai River system and associated fish species was well done. The maps were particularly helpful. The technical and scientific background is a bit long, but could be improved by adding a very brief sentence or paragraph on what action is going to be taken to address each of the identified problems, and why the sponsors think it is an appropriate action. The linkage of project objectives and limiting factors (page 13) is good but would have been more appropriate in the rationale or objectives sections. The proposal addresses species identified in subbasin and regional plans using restoration strategies identified in those plans. Discussion of some material seemed tangential, such as the BEF 10 Model Watershed Program.  
Project Sponsor Response 2:  The project sponsors will plan on arranging the technical and scientific background as requested by the ISRP in future proposals.  For this review, the table presented in Response #3 may be helpful to reviewers in describing what action (in the form of projects) will taken to address the identified limiting factors (in the form of objectives from the subbasin plan)

In Proposal Section C (Rationale and Significance to Regional Programs), the project sponsors intended to show the ISRP reviewers the hierarchical connections among regional plans for each of the species addressed in the proposal (sturgeon, burbot and kokanee).   These regional plans then correspond with local plans that contain specific objectives and restoration strategies for the focal species identified in this proposal, and in the Kootenai Subbasin Plan.  For example, the BEF Model Watershed Program is a regional program that includes a local model watershed in the Kootenai drainage.  This local model watershed plan includes the objectives and restoration strategies for kokanee recovery.  
ISRP Comment 3: There are clearly many projects that are ongoing in the Kootenai River subbasin that are related to this proposal, and many are identified. The overall level of collaboration on this project is very good. It is well integrated into other activities in the basin and communication and cooperation is very good among agencies, non-governmental organizations (NGOs), and Tribes. A particularly constructive element in this section of the proposal is Table D1. However, in addition to the elements present in the table, it would be helpful to have a row identifying the main action that will be taken by each project. This section would be more useful if the strategy(ies) for restoration in the basin were established, and the tasks needed to fulfill those strategies were then identified and linked to different projects. 
Project Sponsor Response 3: Table 1 below (updated from Table 10.3 in the Kootenai River Subbasin Plan, Part 3, Management Plan, Pages 110 and 111) provides the requested information regarding the main actions taken by each project and shows how habitat and biological objectives are addressed differentially by the series of Kootenai River projects listed vertically by project number in the center of the first row.
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Table 1. Priority, code, and description of habitat and biological objectives, BPA proposed projects that address these objectives, and whether they address ESA and CWA responsibilities. Objectives titles were shortened for inclusion in this table; objective codes, full objective titles and supporting strategies can be found in the objectives and strategies tables in the Kootenai Subbasin Plan. Priority Scores: U = Urgent; H = Highly Recommended; R = Recommended Action.
ISRP Comment 4: The project history, which was interesting but overly long, shows that there is significant potential for intermediate term benefits for white sturgeon. Because of the long lifespan of sturgeon it is possible that cultured individuals released into the wild could provide gametes or embryos to maintain the population for several decades. Artificial production for conservation of long-lived fish may have a more reasonable basis than artificial production for conservation of short lived fish like salmon. Nonetheless, there is considerable concern about the long-term prognosis of this project. (4a): It is not clearly established that the Kootenai stock was ever strong, (4b): nor that under existing habitat conditions, that it can recover to a level envisioned. (4c): The lack of clear evidence for stock distinctiveness is an issue as well. 
ISRP Comment 4a: It is not clearly established that the Kootenai stock was ever strong, 
Project Sponsor Response 4a: Project proponents believe that persistence and viability of a small isolated population for more than 10,000 years is direct evidence of population strength, both demographically and genetically. The Kootenai River sturgeon population was obviously strong enough to have survived in isolation for over ten thousand years after being post-glacially re-founded following the recession of the most recent (Wisconsinan) glacial period.  In terms of management responsibilities, whether the stock is currently strong or not is somewhat irrelevant given the mandates of the ESA, under which the Kootenai population is listed and managed as endangered. 
ISRP Comment 4: ..nor that under existing habitat conditions, that it can recover to a level envisioned.
Project Sponsor Response 4b: Project proponents agree with the ISRP that existing habitat conditions jeopardize recovery of Kootenai sturgeon.  This is the very rationale for many aspects of many ongoing BPA-funded and endorsed projects in the Kootenai Subbasin that focus on habitat and ecological improvements to rectify this problem (See Table 1).  Proponents of this and the above projects understand this ISRP comment and are currently involved in designing, implementing and evaluating habitat and ecological improvements to enable sturgeon population recovery, habitat restoration, and the ecological functions needed to sustain populations and required supporting ecological functions.  
ISRP Comment 4c: The lack of clear evidence for stock distinctiveness is an issue as well. 

Project Sponsor Response 4c: Genetic markers can be used to provide evidence of stock distinctiveness. However, such a metric tells only part of the story. Moreover, unique life history trait expressions including spawning habits, habitats, and other behaviors of Kootenai fish compared to conspecific populations indicate that neutral marker data alone should not be used to conclude that no differences exist between Kootenai sturgeon and those of other populations. Furthermore, lack of statistical difference does not confirm categorical similarity. Spawn timing, habitat selection, spawning periodicity, age at maturity and other factors set Kootenai sturgeon apart from conspecifics (Anders 2002b; Golder 2005). Such differences should be expected due to more than 10,000 years of differential selective pressures, likely unique to the Kootenai ecosystem, under which the native Kootenai sturgeon population adapted and flourished. Just because a small suite of neutral genetic markers failed to provide statistically significant differentiation of genotypes does not suggest that the Kootenai River population is the same as those downstream, or that transplantation of fish from another basin with no shared co-evolutionary history would be successful. 
ISRP Comment 5: For burbot, however, at this time the results of efforts to collect broodstock and culture juveniles was discouraging and not promising. Less than 1% of the eggs survive. 
Project Sponsor Response 5:   Research on the feasibility of burbot aquaculture at the University of Idaho has been ongoing for the past 3 years and represents a valuable starting point for development of cutting edge technology for culturing this unique species.  Unlike many species, limited information is available on the culture of burbot.  However, we have been in continual contact with researchers in Belgium who are taking a similar conservation aquaculture approach to burbot recovery in Europe.  At UI and in Belgium, success has been achieved for spawning and early life stage (through the larval stage) rearing and techniques continue to be improved for transition of larvae to juvenile stages.  Coordination between our groups continues to be mutually beneficial and allows us to share information on successful or unsuccessful techniques.  To our knowledge, UI has been the only group to transition burbot larvae to an artificial diet.  Although only limited numbers of juvenile fish were produced to date, these initial successes provide proof of concept for burbot aquaculture.  
As we improve on methods for juvenile production, we will continue to share information with other groups.  In fact, we have been contacted this past spring by the U.S. Fish and Wildlife Service (Rob Holm - Project Leader Garrison Dam National Fish Hatchery Complex) to provide information on burbot culture techniques.  It appears that they would also like to begin rearing burbot for stocking and recovery.
Egg survival was much higher than the 1% referred to in this comment.  Although survival of burbot larvae to the juvenile stage was low, it should be emphasized that larval survival was not the focus of the original research.  Developing aquaculture techniques for a species that has not been previously cultured required us to focus initial efforts over the past 3 years in a stepwise process.  The first steps were to determine if wild caught burbot could be brought to captivity, produce viable gametes, and be spawned successfully.  The next step was to optimize survival of fertilized eggs by testing general incubator designs.  In addition, we have tested the effects of cryopreservation on burbot semen (a tool that may become important in the future for this species).  We have attempted feeding trials with this species and results during the first year showed that 6.5% of fish in the all live diet group survived in spite of 70-80% initial stocking mortality (due to the delicate nature of these larvae).  The results from that trial provided a basis for current trials (still underway) in which survival and acceptance of artificial diets appears even greater.  Although not a goal of our initial efforts over the past 3 years, we have produced a small number of juvenile fish that are on artificial feed.  This is something that has not been reported by any other research or aquaculture group.  So, we feel that efforts thus far have been very successful and that this work lays the foundation for culture of this species. 
We have effectively demonstrated that eggs could be incubated, hatched and larvae produced at levels averaging around 50% or more (depending on initial gamete quality).  We have made significant advances toward future culture of this species in a very short time, with limited resources, and less than optimal facilities.  Obviously, the next steps in the research will be to conduct trials that improve larval survival to the juvenile stage.  However, it should be realized that a reintroduction program of this type may not require juveniles, but might benefit by releasing burbot larvae into the Kootenai system.  This remains to be determined, but could be combined with juvenile releases as culture techniques continue to be optimized.  We are very encouraged by the advances that have been made in such a short time frame with a very sensitive and previously uncultured species.  Our goal is to perfect techniques to produce juvenile fish for stocking.  Although we are not there yet, we have addressed many questions associated with burbot culture and have successfully spawned adults, incubated eggs, and produced larvae in each of the past three years.  

ISRP Comment 6: The summary of kokanee reintroduction is confusing. Several streams have been monitored and apparently have very low abundance of spawning kokanee, even though eggs have been introduced into streams since 1997. It is not clear that these streams are the same as those that have been surveyed for redds. It is also not entirely clear from the text that these "lower Kootenai tributaries" are also the "south arm tributary stream" where reintroduction is desired. Because kokanee are abundant elsewhere in the system and kokanee have been introduced throughout the western US in reservoirs and lakes, it seems like there are survival factors here that need to be corrected before expecting their reintroduction to this area to be successful. 
Project Sponsor Response 6: Project sponsors agree that some ambiguity exists in the described kokanee reintroduction strategy.  The IRSP is quite correct that poor survival has been at play that has caused the demise of kokanee spawners in both the Idaho streams and British Columbia South Arm tributary streams. Tributaries to the Kootenai River in Northern Idaho historically supported kokanee spawners that reared in Kootenay Lake. Some of these streams have been recipients of eyed egg plants that were placed in artificially created redds. This work began in 1997. Similar work began on a few British Columbia streams tributary to the South Arm in 2005. Reduced lake productivity, high predation and low South Arm and Idaho stream egg/fry survival rates (~ <10% S rate) compared to North Arm stream survival rates (Meadow Creek spawning channel ~ 35% S rate) have resulted in depressed South Arm kokanee numbers. The less productive “South Arm” stock does intermingle with the far greater numbers of productive “North Arm” stock; large numbers of predators in Kootenay Lake that utilize kokanee essentially have cause a “mixed stock” fishery with the weaker South Arm stock being driven to near extinction due to a combination of predation, comparatively unproductive spawning habitat and poor growing conditions in the lake. 
Project sponsors are relying on a three part strategy to ensure successful reintroduction of kokanee into select tributaries of the Kootenai River in Northern Idaho and four streams in British Columbia. The primary strategy is that of increasing the carrying capacity of the South Arm of Kootenay Lake through nutrient addition mimicking the success experienced on the North Arm (Ashley et al. 1997). South Arm nutrient addition began in 2004 and lake productivity response is being monitored as well as kokanee densities. The second part of the strategy is that of eyed egg plants into select Idaho and British Columbia streams in anticipation of improved South Arm rearing conditions hence survival rates due to nutrient addition. The eyed egg plants are intended to “jump start” the population. The third part of the strategy is to improve future natural egg/fry survival rates through habitat restoration techniques that would include development of one or more small scale spawning channels (e.g. Myrtle Creek – proposed in Project 199404900 – Ecosystem Improvement Project). 
The project sponsors apologize for the confusion regarding the description of the location of surveys and egg reintroduction efforts.  Part of the confusion may stem from the fact that the BC work is performed under Project 199404900- Ecosystem Improvement Project (because that project carries the contract to perform the South Arm Kootenay Lake fertilization in BC) and the US work is performed under this contract, with coordination occurring throughout implementation and reporting.  The following map of Kootenay Lake may help clarify stream locations.
Idaho (lower Kootenai tributaries) streams proposed for kokanee surveys and reintroductions:  Myrtle, Trout, Parker, and Long Canyon.  

British Columbia (South Arm Kootenay Lake tributaries) streams proposed in Project 199404900 for kokanee surveys and reintroductions: Crawford, Boulder, Goat River, and Summit Creek.
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ISRP Comment 7: The proposal adopts the overarching objective from the Kootenai subbasin plan. The weakness is that neither a timeline for numerical abundance is provided, nor is there evidence that the objective is achievable using the strategies employed. 
Project Sponsor Response 7: The long term objective is for restoration of a viable self-sustaining natural white sturgeon population. However, the corresponding numerical abundance is unknown and development of a timeline for achieving this goal is precluded by uncertainty in population limitations and effective habitat restoration measures to date.  Instead, the program has focused on immediate needs (avoid imminent extinction) and an adaptive empirical response based on intensive monitoring and evaluation.  

Figures 1 and 2 provides current projections of abundance and population age or size class structure trajectories based on empirical growth and survival data generated by this project.  However, these projections are representative trends rather than specific objectives.  The ISRP has suggested defining numerical targets and timeframes and applying empirical survival and growth rates to estimate the timescales for reaching projected abundance targets.  However, levels of empirical variability surrounding these rates and parameters, applied to long time periods appropriate to the longevity and delayed maturation of sturgeon, render specific numerical targets and timelines too subjective to provide meaningful guidance.  Figure 2 highlights this problem.  The central curve represents a fixed stocking density survival trajectory assuming 91.3% survival. The same stocking density +/- 3% variation in survival rate is illustrated on the same plot as the upper and lower curves.  It is assumed that a 3% margin of error may be better the expected rate (Figures from Paragamian et al. 2005). More details on this issue are provided in the 15 year Kootenai Hatchery Report published in 2005 (KTOI 2005).  

Evaluations of the Kootenai sturgeon hatchery program have clearly demonstrated the short term efficacy of this approach.  The program has proven effective at capturing and spawning wild broodstock, incubation and hatchery of eggs, and rearing significant numbers of juveniles to sizes suitable for release.  High survival and growth rates of hatchery-reared fish after release have demonstrated their ability to adapt to the wild.  The program is meeting the immediate objectives of reducing the threat of extinction by annually providing year classes from native broodstock and representing inherent with-in population genetic diversity in its production.

We readily acknowledge that prospects for achievement of the long term recovery goal of a naturally-self sustaining population remain uncertain.  The ultimate success of recovery efforts will rest on restoration of habitats and an ecosystem capable of sustaining natural production.  Meanwhile, given the continued failure of measures to restore natural recruitment, the hatchery program represents the sole demonstrated effective alternative for forestalling the otherwise imminent extinction of Kootenai white sturgeon.  
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Figure 1.  Simulated population size, number of female spawners, total population biomass by life history stage, and size composition for Kootenai white sturgeon from 1980 to 2080.  (From Paragamian et al. 2005).
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Figure 2.   Sensitivity of wild and hatchery-origin adult white sturgeon numbers to annual mortality rate in model projections for 1980-2080.  Trajectories are plotted for the estimated annual mortality rate (0.913) and for hypothetical rates of the estimated rate 0.03.  The values above the three rightmost curves are the numbers of hatchery fish over the long term.  (From Paragamian et al. 2005). The circled area has been referred to as “death valley” a time period of up to 20 years in which the population will contain very few fish of reproductive age, despite 15 previous years of experimental culture and conservation stocking.  This situation is due to the late age at first maturation for females, around 30 years of age.
ISRP Background for following ISRP Comments: The project is very broad in scope. Some of the work elements are appropriate and employ the best available scientific techniques. For other work elements the experimental design and approach is not entirely defensible. Because of the breadth of activities in the proposal the objectives and work elements are considered below individually. Responses are requested where indicated.
ISRP Comment 8: Objective 1. Sturgeon conservation aquaculture (1.a.1 - 1.a.8) was considered generally sound and acceptable.
Project Sponsor Response 8: No project response needed.

ISRP Comment 9a:  1.a.9. A justification for monitoring genetic variation in hatchery white sturgeon was not established in the scientific and technical background. The basis for this work element is not clear. 
Project Sponsor Response 9a: An important component of the white sturgeon conservation aquaculture program is the annual genetic monitoring of broodstock.  Hatchery programs have the potential to alter the genetic composition of the wild population through loss of genetic diversity, inbreeding depression, and outbreeding depression (Hindar 1991; Krueger and May 1991; Carvalho 1993; Kincaid 1993; Ryman et al. 1995).  The use of too few broodstock in a hatchery program can reduce the effective size of the population and lead to accelerated loss of genetic diversity through genetic drift.  Genetic diversity allows populations to adapt to environmental changes over time (Meffe 1995; Ryman et al. 1995; Lacy 1997; Hughes and Sawby 2004); therefore, maximizing genetic diversity within stocked year classes is essential to maintaining the long-term viability of a wild population.  This can be accomplished by utilizing an appropriate number of broodstock each year and ensuring low levels of relatedness between parents.  Annual monitoring of the genetic diversity within selected broodstock and the Kootenai River population as a whole will allow managers to evaluate the hatchery program’s success in maximizing diversity.  Genetic monitoring conducted at the May Genomic Variation Lab at the University of California, Davis has suggested that previous years of broodstock sampling have represented varying amounts of the total genetic diversity available in the Kootenai River population, although approximately 94% of total genetic variation was represented when broodstock diversity was considered across years (Rodzen et al. 2004a).  Because the hatchery program represents the only source of recruitment for this endangered population, it is imperative that genetic diversity monitoring be continued so any reduction in genetic diversity can be identified.  
Inbreeding depression may result when broodstock fish with a high degree of relatedness are crossed.  Offspring resulting from inbred crosses have a higher probability of expressing deleterious alleles and may exhibit reduced fitness (Charlesworth and Charlesworth 1987), especially in small populations with low reproductive output (Wang et al. 1999).  Estimating levels of relatedness between broodstock through genetic methods can prevent the crossing of highly related individuals. Researchers from the Genomic Variation Laboratory utilized eight microsatellite loci to assign parentage and identify siblings in a population of farmed white sturgeon (Rodzen et al. 2004b).  When the same method was applied to identify parental relationships between broodstock and offspring in the Kootenai River population, success was variable due to low genetic variation and therefore low statistical power (Rodzen et al. 2004a).  Researchers at the Genomic Variation Laboratory have since increased this suite of microsatellites to 16 (Bork et al. 2005), a number that should elicit sufficient power for parentage assignment in the Kootenai River population.  As the number of wild spawned fish in the Kootenai population decline, white sturgeon originating from the conservation aquaculture program (initiated in 1990; Anders 2002) will begin to represent a larger subset of the total population.  As these fish eventually become potential broodstock, it will be necessary to assign individual fish to family groups avoid parent-progeny or sibling crosses.  
Another concern surrounding a conservation aquaculture program for Kootenai River white sturgeon is outbreeding depression.  The Kootenai River population has been naturally isolated from other white sturgeon populations for approximately ~10,000 years (Northcote 1973) and may have become locally adapted to their unique environment (Paragamian and Kruse 2001).  This is supported by work conducted at the University of California, Davis, which revealed significant levels of genetic differentiation between the Kootenai River population and other white sturgeon populations in the Sacramento, Columbia, and Fraser Rivers (Rodzen et al 2004a).  Utilizing a white sturgeon stock from another region to supplement the Kootenai River population may introduce outbreeding depression, or the disruption of co-adapted gene complexes that can permanently reduce the fitness of stocked fish and their offspring (Krueger and May 1991; Carvalho 1993; Kincaid 1993).  Because it is essential that the Kootenai River population be used to supplement the existing wild stock, it is imperative that genetic monitoring be continued to inform managers of the impact of the conservation aquaculture program on the wild population.  
ISRP Comment 9b:  The rationale for increasing production ("Release up to 10,000 fish per family from both facilities. Release fish at smaller sizes") because the next generation will be largely derived from hatchery fish is not convincing. The sponsors should perform a quantitative justification before implementing this action. Please respond.
Project Sponsor Response 9b: A synthesis of sampling data from 1977 through 2001, including extensive mark-recapture data, provided a comprehensive and current picture of the status, population dynamics, and future prospects of the Kootenai white sturgeon with and without hatchery intervention (paragamian et al. 2005).  Increasing production is intended to provide a safety factor for uncertainty regarding persistence of the declining wild population, the continuing availability of wild broodstock for sustaining the hatchery program, and long term survival and maturation rates of the current generation of hatchery fish released into the wild.  The change reflects an adaptive modification of hatchery goals to new information on wild fish status and the success of hatchery fish released into the wild. 

The hatchery program was originally conceived as a supplemental source of recruitment for augmentation of restored natural production.  It was hoped that the bottleneck in natural recruitment could be identified and addressed within the life span of the existing wild population.  The driving concern of the original production goal was to avoid swamping the genetic contribution of wild spawners with large numbers of hatchery fish contributed by a limited number of hatchery broodstock (Kincaid 1993).  Original broodstock and release goals were designed to produce 4 to 10 adults per family at 20 years of age (Kincaid 1993).  The 4 to 10 fish goal was somewhat arbitrary and represented a conservative approach to limit effects of hatchery supplementation.

With the continued failure of natural recruitment, it is now apparent that the next generation of Kootenai sturgeon will depend on hatchery production.  The driving risk is no longer for the balancing of effects of hatchery supplementation on the wild population.  Unless something drastic changes, there will be no naturally-produced wild population.  In fact even if significant natural recruitment was immediately restored in some years, that production would be unlikely to preserve the native genetic diversity or to produce a demographically viable population.  The fundamental project or population-level concern has now shifted to producing enough hatchery fish to ensure a demographically-viable next generation and capturing enough wild broodstock to avoid a founder effect due to loss of native genetic variability in the next generation.  

With the continuing decline of the wild population it is unclear how long wild broodstock would continue to be available to sustain a hatchery program and by extension, the wild population.  Because of the delayed maturation of white sturgeon, particularly in the slow-growing Kootenai population, there will be an extended period prior to maturation of the hatchery fish when too few wild broodstock remain to provide for consistent hatchery production.  Sturgeon also exhibit high individual variability in growth and maturation rates and only a portion of the population spawns in any year even after reaching adulthood which means that the duration of this interval of no natural or hatchery production is unclear.  Among the worst case scenarios in an admittedly short deck, is for the hatchery to produce too few fish now to bridge this uncertain future and potentially take advantage of future favorable natural conditions if they can be restored.

Increasing production levels now when wild broodstock are available provides a hedge against an uncertain future.   Larger releases now will help offset the population effects of an extended period of little or no hatchery production.  Because sturgeon live so long, we can in effect bank fish now when adults are still available.  Larger releases now will also reduce the duration of the “death valley” in production by increasing numbers of fast growing earlier maturing fish in the next generation.  A portion of any maturing cohort will mature sooner than the rest and a larger cohort size will increase numbers of these earlier maturing fish.   In addition, larger releases will also ensure that adequate numbers of each family group are available to chance losses of genetic diversity.  Normal variation in survival risks chance loss of smaller release groups prior to maturation.

Increased release numbers are expected to be at least partially offset by a smaller size of release.  Fish were previously reared to 30-60 g (1 or 2 years of age) in part so that each fish could be individually marked with a PIT tag to distinguish hatchery and wild fish captured on the monitoring program.  Limited rearing space in the Kootenai Hatchery limits the number of individual family groups that can be produced.  Release of fish at smaller sizes allows more families to be raised in the existing facility to meet the need to increase broodstock numbers to capture a significant fraction of the remaining genetic diversity.  With the continued failure of natural recruitment, the need to preserve the population has now trumped the need to document the continuing failure of wild recruitment.

Ideally, hatchery release goals would be back-calculated from future population objectives. However, uncertainties in the available data on survival and longevity make this a largely speculative exercise.  Paragamian et al. (2005) illustrated the sensitivity of population projections to even small differences in annual mortality rate that are less than our ability to distinguish with current data.  For instance, just a ( 3% difference in survival produces a three-fold difference in projected adult numbers (Figure 2).  Uncertainties in system carrying capacity and age-related parameters (Paragamian and Beamesderfer 2003) compound the problem.  Rather than scaling release numbers based on subjective and untested assumptions, the sturgeon recovery program is employing an empirical approach whereby growth, survival, and distribution patterns are being monitored for evidence of density-related effects that might warrant an adaptive response.  

ISRP Comment 10: A portion of the proposal suggests that natural embryos are regularly caught. The project sponsors have not discussed catching naturally produced embryos and rearing them until 1 or 2 years and then releasing them. This could perhaps circumvent the juvenile period when mortality is thought to be severe, and at the same time avoid the domestication effects of broodstock collection and artificial mating. Why has this not been evaluated as an approach? Please respond. 
Project Sponsor Response 10: Catching naturally produced embryos and rearing them to 1 or 2 years of age and then releasing them has been evaluated.  It is logistically, logically, economically and programmatically unjustifiable. Too few embryos have been collected during each year since sampling began in 1991 to produce any useful number of progeny or to justify any expense for any phase of such activities. At most several hundred embryos have been captured during any given year, too few to provide a useful number of viable progeny at any cost. 
ISRP Comment 11: 1.a.10. Why are 50 broodstock being maintained? Is domestication not an issue? Please respond. 
Project Sponsor Response 11: This ISRP comment may be based on a simple misinterpretation by the ISRP reviewers. Approximately 50 adult certified disease-free rainbow trout (not sturgeon) are held at the Kootenai Hatchery. These broodstock are spawned annually to provide: 1) bait for capturing adult white sturgeon broodstock from the wild population in the river that are spawned in the Kootenai Hatchery, and 2) food for adult pre-spawned white sturgeon broodstock held in captivity prior to spawning and during post-spawning recovery periods.   Periodic rainbow trout broodstock replacement occurs as broodstock age.
ISRP Comment 12: 1.e.1., 1.e.2, 1.e.3. The proposal plans to conduct white sturgeon index sampling on the Kootenay River in B.C. The description of the sampling is insufficient to judge whether the precision and accuracy of the data can serve the management needs of the program. Additional statistical validation seems necessary. Please respond. 
Project Sponsor Response Comment 12: Juvenile white sturgeon indexing is a key component in monitoring the success of white sturgeon recovery in the Kootenai River including conservation aquaculture operations (this project), ongoing embryo releases and flow/temperature tests (project # 198806500), as well as habitat modification efforts (project # 200200200) for remaining wild spawners.  Although these projects all take place in Idaho, tag recaptures from juvenile hatchery releases as well as telemetry observations all indicate that much of the range of juvenile and adult sturgeon is located downstream in the Kootenay River and Kootenay Lake, BC, Canada (RL&L 1999, Neufeld and Spence 2002, 2004a and 2004b, Neufeld 2005, Neufeld in prep).  As well, observations of larval dispersal rates and hatchery release telemetry observations (Neufeld in prep.) for white sturgeon indicate that if natural recruitment were established, many of the naturally produced larvae and juveniles would end up dispersing into BC.  Therefore, index sampling in BC is essential in order to monitor the success of conservation aquaculture techniques and the other above noted projects. 

The long term measure of success for temporary conservation aquaculture efforts is survival of a suitable number of released juveniles to spawning age (25-35 years).  Therefore, the number of hatchery juveniles released annually to achieve a suitable target number of spawning adults is dependant on estimation of juvenile survival, and changes of only 5% in survival, because of the compounding nature of this mortality over the lengthy period before maturation, can significantly alter the number of individuals available in the next generation.  Current estimates of juvenile survival (estimated between 65 and 90% from Ireland et al 2002) are not precise enough to provide suitable guidance for annual hatchery release numbers. As well, some preliminary evidence suggests there may be a relationship between increasing annual hatchery releases and decreasing juvenile growth as well as possible survival implications in these groups (Neufeld in prep and Pyper 2006).  However, additional years of data are required to solidify these observations.  Therefore, gill netting efforts are focused on providing recaptures in B.C. to pool with juvenile samples collected in Idaho (project # 198806500).  Estimates of juvenile survival will then be produced through maximum likelihood estimators (MLE) using a Cormack-Jolly-Seber model and catch curves with the analysis program MARK (methods detailed in Ireland et al 2002 and Pyper 2006).  Although the annual mortality rate of all hatchery individuals is necessary to determine annual release numbers, evaluation of other more specific variables related to juvenile survival are also important to guide hatchery practices.  These include the effects of release location, fish size and season of release on survival which are also necessary but unknown and will be evaluated through data collected during this project to guide hatchery release practices.  This analysis will also be completed using the analysis program MARK flowing methods detailed in Ireland et al (2002) and Pyper (2006).  Data collected as part of sturgeon index sampling in BC will be used first for these survival estimation purposes related to monitoring conservation aquaculture success. 

Secondly, data collected are being used to evaluate flow tests, habitat alterations, and other related studies aimed at providing natural recruitment opportunities for the remaining wild white sturgeon which are currently ongoing on the Kootenai River as part of projects noted above.  This juvenile index monitoring program in B.C. is also essential in evaluating success or failure of these projects by documenting surviving juveniles from natural recruitment events related to these habitat alterations.    

A total of 17 locations will be used for gill net sampling efforts in BC, similar to sampling locations used since 2003 in BC (Figure 3, Table 2).  These sites include both index and secondary sites.  Index sites were selected based on previous sampling programs as the areas of highest capture efficiency and sites which were fishable during high flow events.  Selection of these sites allows the capture of relatively large numbers of juveniles to provide powerful estimation of both survival and growth.  However, we recognized that sampling only the most productive habitat may not provide representative data on habitat use, growth and survival and also may skew population estimates.  Therefore, secondary sampling locations, which represent marginal habitat, include areas of suitable habitat which were only fishable during low flows and backchannel habitat locations, will also be sampled.  Approximately 24 net hours effort will be completed at index sites while approximately 12 will be completed in secondary sampling locations.  The order in which sites are sampled will be selected at random.
Table 2.  Juvenile white sturgeon gill net sites (site code and location)

	Index Site Code
	Location (RKM)
	Site Type

	KRGCrw
	77.0
	Index

	KRGed
	120.0
	Index

	KRGwd
	121.0
	Index

	KRG123
	123.0
	Secondary

	KRG130
	130.0
	Index

	EsCh
	132.5
	Secondary

	KRG134
	133.7
	Index

	KRG137
	137.4
	Index

	KRG141
	141.5
	Secondary

	KRG145
	144.8
	Index

	KRG150
	150.0
	Secondary

	FrSl
	150.0
	Secondary

	KRG157
	157.3
	Secondary

	KRG161
	161.4
	Index

	KRG163
	163.0
	Secondary

	KRG165
	165.0
	Index

	KRG167
	167.0
	Secondary
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Figure 3.  Juvenile white sturgeon gill net sampling site locations.

Juvenile sampling will be conducted from a 7.0 m boat with set locations determined by GPS (Trimble GeoExplorer III).  Set and pull times will also be recorded for each set.  Maximum and minimum set depths will be recorded for all net sets using a Lowrance LMS-350a depth sounder.  Set areas will occasionally be limited by bottom conditions; nets are not set in areas with high concentrations of woody debris because of potential problems with lost or damaged gear. 

Previous juvenile sturgeon sampling programs on the Kootenay River in Canada employed 5.1 cm stretch measure gill nets (Vandenbos and Spence 2001), based on the effectiveness of these nets in capturing juvenile YOY white sturgeon on the lower Columbia River (Burner et al. 2000).  Gill nets of this size have been successful in capturing nearly all age classes of sturgeon thought to be present in Kootenay River (Vandenbos and Spence 2001; Neufeld and Spence 2002.).  However, use of a single mesh size has resulted in sturgeon catch size selectivity biases.  Size selectivity of gill nets by mesh size is widely recognized (McCombie and Berst 1969, Hamley 1975 and references therein, Hilborn and Walters 1992). Although the scutes that line the lateral and dorsal surface of juvenile sturgeon result in tangle captures that may dilute such effects, recent studies on the Kootenay (Neufeld and Spence, 2002) and lower Columbia rivers (Burner et al. 2000) have demonstrated that gillnet selectivity does occur.

Given that different mesh sizes account for size selectivity, and that the age structure of the juvenile population will continue to expand with further hatchery releases, multiple gill net mesh sizes will be used for sampling in BC and Idaho including 5.1, 10.2 and 15.2 cm stretch measure sizes.  Nets will be constructed of multi-strand nylon, measuring 46.0 m long and 1.8 m deep.  Considering that the key objective is to index natural recruitment, crews will fish two 5.1 cm nets (targeting the youngest age classes) and only one each of the 10.2 and 15.2 cm nets each day.  These four nets will be fished continuously as a group over the day, with mesh sizes selected randomly for each set.  The target length of sets will be 90 minutes, although it is recognized that water conditions, weather and catches could result in a range of set durations, typically between 45 and 120 minutes. 

All captured white sturgeon will be brought into the boat for sampling.  Smaller juveniles will be placed in a plastic container filled with water.  Larger juveniles and all adults will be placed in a waterproof stretcher, with enough water to allow for respiration.  Fresh water will be frequently added to the stretcher during the processing period.  After processing, sturgeon are returned to the water and released once normal respiration, orientation and swimming behavior is established.

All white sturgeon will first be examined for previous marks.  Previous marks included Passive Integrated Transponder (PIT) tags (placed either on the right side just ventral to the dorsal fin, or near the head), scute removal (left and/or right side, counted from the anterior end), and/or evidence of previous fin clips on either the right or left pectoral fin.  Recaptured sturgeon with the second scute removed on the left side (2L) are previously marked wild fish in the Kootenay system, while hatchery produced fish have scutes removed on both sides indicating the year of hatch (e.g., 9L 5R = 1995 brood).  

All sturgeon will be measured for fork length (FL) and total length (TL) to the nearest millimeter.  Weight will be determined for all fish using a spring scale with the appropriate capacity.  Newly captured juveniles and adults will be marked with the application of a PIT tag on the right side below the dorsal fin, and with removal of the 2L scute.  Hatchery produced juveniles that have non-responsive or lost PIT tags will also be marked with the application of a new PIT tag on the right side.  Previously unmarked juveniles will be sampled for WSIV (white sturgeon iridovirus) using a conventional paper hole punch to remove a piece of fin tissue from both the pectoral and caudal fin, as well as the removal of the first right pectoral fin ray for aging purposes.  All incidental catches will be identified by species, measured for FL (mm) and mass (g), returned to water and released when normal swimming behavior is observed. 
ISRP Comment 13 (1.e.5). The proposal plans to maintain a base station telemetry array to monitor adult and juvenile sturgeon. The explanation of how the data will inform management is lacking. A better linkage between understanding the biological attributes of the species and decision options for management is needed. Collecting more data on life history is good science, and using state-of-the-art technology is exciting. But if it does not inform management choices then it may be an expensive luxury. There is also no clear identification of what is going to be performed under this work element. Is it the seven new VR2 receivers identified in the final paragraph on page 98? A better explanation of the role of the array and its needs are warranted. Please respond.

Project Sponsor Response 13 (1.e.5): Development of this telemetry array initially focused on evaluating juvenile dispersal from hatchery release sites as part of conservation aquaculture monitoring and refinement.  However, the utility of this array for monitoring adult sturgeon and burbot quickly became apparent and current telemetry operations on the Kootenai for many species now rely on this array.  Maintenance of the array is also a key component in monitoring the wild adult white sturgeon response to flow and temperature tests (project # 198806500) and habitat alteration (project # 200200200) as well evaluating the success of the conservation aquaculture hatchery release program.   The array will be used to monitor adult spawning movements in relation to the flow/temperature tests as well as movements around sturgeon habitat alterations planned in the Kootenai.  The array will also be used to evaluate hatchery release strategies in Idaho, Montana and B.C. to identify whether the selected sites provide suitable dispersal opportunities for released juveniles.   In addition, the array will be used to monitor Kootenai River burbot, as well as bull trout and rainbow trout (Project # 198806500).  Included in this project are data downloads, maintenance and necessary replacements of 29 existing receivers in Canada.  Assistance and expertise will also be provided to IDFG in replacing when necessary, maintaining and downloading up to 30 existing receivers in Idaho.  All data collected from this international trans-boundary array will be assembled and stored in a secure location in B.C., and provided to all researchers involved.  As well, this project includes the maintenance of a tag code database, to insure that there are no conflicts or duplicates with tag codes for all species involved in programs on the Kootenai River.  Assistance will be provided with data analysis relating to adult sturgeon movement analysis in Idaho and Montana, and all juvenile hatchery release data (Idaho, Montana and B.C.) and adult movement data within the B.C. study segment will be analyzed and reports prepared. 

ISRP Comment 14: 1.g. Cryopreservation research is proposed. The need to develop technology to use primordial germ cells (PGCs) implanted into embryonic fish to expand the genetic variation in the female germ line is insufficiently established. Wouldn't the PGCs frozen for implanting simply reflect sibs that were reared to full term and released into the wild? How will this approach quantitatively expand the genetic base of the population? This portion does not appear sound. Please explain in a response. 
Project Sponsor Response 14: Germ plasm repository represents an insurance policy for unforeseen problems that may arise. Cryopreservation of milt is most important because this resource can be used to provide sperm at times when females are spawning and ripe males cannot be obtained. However, because the mitochondria of a sperm do not enter the egg at fertilization, cryopreserved milt cannot be used as a source of a population’s mitochondrial DNA.
Mitochondria are the intracellular organelles that produce adenosine triphosphate, the molecule that is used as a source of energy for nearly every cellular event. The athletic prowess of an animal is essentially a reflection of the efficiency of these organelles to convert the energy in pyruvic acid to ATP. The biogenesis of mitochondria requires information from both the nuclear DNA and the mitochondrial DNA; the genes on mitochondrial DNA code exclusively for proteins on the inner mitochondrial membrane that are used for the electron transfer system. Since all mitochondria and all mitochondrial DNA are derived from the egg, it is important to collect and store this component of the population. Unfortunately, eggs and embryos of the white sturgeon cannot be successfully cryopreserved. An alternative is to collect and store primordial germ cells (PGCs), cells that have the potential to colonize the genital ridges of female embryos and develop into eggs. In this way, the mitochondrial DNA of a population can be preserved. If needed, the stored PGCs can be transplanted to surrogate female embryos to develop into eggs.    

ISRP Comment 15: 1.h. Monitoring the effects of contaminants is proposed but there is insufficient scientific justification presented for this effort. Please respond. 
Project Sponsor Response 15: Toxic contaminants need to be evaluated by the fish and wildlife program, as toxics could negate much of the good work being accomplished in the basin (Columbia River Basin Research Plan, NWPPC 2006).  Toxics have been recognized as a problem since the mid-1970s and although many of the legacy contaminants (i.e. Organochlorine compounds) have been declining for years, reproduction of various aquatic and riparian species continues to be adversely affected by DDE and its metabolites.  In addition, new emerging contaminants (i.e. PBDEs, organophosphate pesticides) are fast becoming a concern for reproduction and longevity of aquatic organisms.  Toxic effects begin at the molecular level and then radiate up through higher levels of biological organization, ultimately impacting the entire community.  The effects of contaminant exposure tend to be much more profound in early development than later in life and relatively subtle changes can have an enormous impact on an entire cohort during critical phases of development.   If growth and reproduction are compromised, recruitment into the population may decrease, causing loss of population size, and eventually, community effects such as a loss of lower food chain productivity.  All of these things can occur with contaminant exposure.  The burden with integrating contaminants into sturgeon recovery efforts is to demonstrate whether or not the existing environmental concentrations actually represent a real toxicity risk to sturgeon.  As a result, an adequate toxics monitoring and research program needs to be developed as a coordinated effort of various agencies and groups throughout the Columbia River basin (Columbia River Basin Research Plan, NWPPC 2006).

Through partnerships and local direction, the Kootenai River contaminants project has proven a useful tool for providing data to identify changes, trends and potential hotspots for chemical parameters within the lower Kootenai River (Kruse 2000 a & b, Kruse and Scarnecchia 2002 a & b, Kruse 2003, Kruse 2004, Kruse 2005).  The presence of contaminants (metals, PCBs, organochlorine pesticides) from historic pollution loading presents a potential threat to all aquatic species, including the Kootenai River white sturgeon.  Therefore, the contaminant monitoring project not only provides important insight into the current status of contaminants in the lower Kootenai River ecosystem, but also provides information for focusing recovery efforts related to the Kootenai River white sturgeon and the ecosystem as a whole.  The historic sampling matrix provided in Table 3 indicates a summary timetable of parameters that have been measured.  The table provides guidance for determining gaps in the monitoring program and for directing needs for future analysis.

As with the rest of the Columbia River basin, many of the legacy contaminants have declined due to decreased loadings.  However, effects of new and emerging contaminants are a real issue and metals continue to present as a potential threat through redistribution and biological accumulation not only in sturgeon but in other aquatic species and media throughout the river ecosystem as a whole.  A comparison of information gathered through ongoing monitoring efforts (Table 3) with published literature (Allen-Gil et al. 1993, Freeman and Idler 1975, Freeman and Siverajah et al. 1978, Heath 1995, Jarvinena and Ankley 1999, Kruse and Scarnecchia 2002a, Kruse and Scarnecchia 2002b, Nemocsok et al. 1984, Nimrod and Benson 1997, Patton and Couch 1984, Weatherly et al. 1980, Eber and Spieler 1994) indicates potential negative and sublethal impacts on white sturgeon reproduction in terms of poor fertilization rates, delayed or halted embryo development and hatching, disruption of physiological processes (i.e. migration, feeding and growth), altered behavior patterns, retarded development, genetic alteration and physiological deformities.  Kruse and Scarnecchia (2002a) suggested potential disruption of physiological functions and egg development due to concentrations of several metals and two organochlorine compounds.  Another study by Kruse and Scarnecchia (2002b) indicated higher mortality of white sturgeon eggs reared in Kootenai River water and de-adheased with sediment from the Kootenai River white sturgeon spawning area.  Further research by Kruse (2000a) indicated high mortality of sturgeon embryos de-adheased with three different types of media (Fullers earth as the control; suspended sediment and river bottom sediment from the Kootenai River) and reared in un-filtered Kootenai River water.  The results of this study indicated that some component in the unfiltered river water was responsible for the high mortality of sturgeon embryos.  

An assessment of organochlorine pesticides, Aroclor PCBs, and metals in macroinvertebrates from the Idaho portion of the Kootenai River indicated high concentrations of metals at Shorty’s Island (a critical white sturgeon spawning area) and at Porthill (downstream of the outlet of Boundary Creek; Kruse 2003).  This study also revealed a consistent presence of PCBs and organochlorine pesticides in lower Kootenai River macroinvertebrate tissues.

Metal analysis of sediment cores sampled from two sites in the Idaho portion of the lower Kootenai River indicated a classification of ‘medium-low priority’ for concern with a 25% probability of toxicity based on amphipod toxicity (Kruse 2005).  In addition, this same study indicated that redistribution of sediments from the sample sites could potentially result in a 3% or greater membrane uptake and increased mortality or developmental deformities in embryonic and larval sturgeon. 

Monitoring of total chlorine in river water at Bonners Ferry indicates concentrations up to ten times of those shown by controlled scientific research to produce harmful long-term effects to freshwater fish (KTOI unpublished data).  In addition, organochlorine compounds (DDT and its metabolites, PCBs) are still being detected in tissues from fish and other aquatic organisms but appear to be highest in samples collected from the river section downstream of Bonners Ferry (USFWS unpublished data). 

Several other entities throughout the Columbia River basin and the world are also addressing the potential effects of contaminants on physiological processes in sturgeon.  For example, the Upper Columbia River White Sturgeon Recovery Team has been gathering sturgeon tissue and other environmental data in order to assess contaminant effects on white sturgeon in the British Columbia portion of the Upper Columbia River (Kruse and Webb 2006).  To date, this project presents concern for genetic and other physiological effects due to bioaccumulation of several metal compounds, organochlorine pesticides (DDT), PBDEs (fire retardants) and compounds associated with effluent from TECK Cominco operations.  

In light of all the above information, we believe that the results of Kootenai River contaminants research indicate the need for continued toxics monitoring.  We would also like to contribute to the development of a coordinated effort of various agencies and groups throughout the Columbia River basin to address and develop an adequate regional toxics monitoring and research program (Columbia River Basin Research Plan, NWPPC 2006).

Table 3.  Sampling matrix indicating parameters monitored and years sampled for the Kootenai River white sturgeon contaminant project.

	Component
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005

	Contaminant analysis1
	

	Macroinvertebrates
	
	
	
	X

(n=6)
	
	
	
	
	

	Adult sturgeon eggs


	X

(n=9)
	X

(n=12)
	X

(n=12)
	X

(n=6)
	X

(n=4)
	X

(n=3)
	
	X

(n = 10)
	X

(n = 6)

	Adult sturgeon sperm


	
	
	
	
	X

(n=14)
	X

(n=11)
	
	X

(n = 31)
	X

(n = 16)

	Juvenile sturgeon muscle
	
	
	
	
	
	X

(n=30)
	X

(n=19)
	
	

	Juvenile sturgeon whole body tissue
	
	
	X

(n=25)
	
	
	
	
	
	

	Juvenile sturgeon liver tissue 
	
	
	
	
	
	X

(n=7)
	X

(n=1)
	
	

	Juvenile sturgeon gonad tissue
	
	
	
	
	
	X

(n=4)
	X

(n=1)
	
	

	Non-game fish tissue
	
	
	
	
	X

(n=53)
	
	X

(n=14)
	
	

	SPMDs
	
	
	
	
	X

(n=3)
	X

(n=3)
	
	
	

	Water – KR mainstem 2
	
	
	X

(n=8)
	
	
	
	
	
	

	Water – Chlorine

(at Bonners Ferry)
	
	
	
	
	
	
	
	
	X

( n = 31)

	Water – Tributaries

(metals only)
	
	
	
	
	X

(TC)
	X

(TC,PC)
	X

TC, PC, LC)
	X

(TC, PC, LC, MC)
	X

(TC, PC, LC, MC)

	Phytoplankton3
	
	
	
	X

(n=20)
	X

(n=23)
	
	
	
	

	Periphyton3
	
	
	
	X

(n=8)
	X

(n=8)
	
	
	
	

	Suspended sediments3
	
	
	
	X

(n=16)
	X

(n=20)
	
	
	
	X

(n = 18)

	Sediments3
	
	
	X

(n=8)
	X

(n=10)
	X

(n=3)
	
	
	X

(n=53)
	X

(n = 9)

	Vitellogenin analysis
	

	Adult male sturgeon
	
	
	
	X

(n=28)
	X

(n=8)
	X

(n=11)
	X

(n=9)
	
	

	Adult female sturgeon
	
	
	
	
	
	
	X

(n=5)
	
	

	Juvenile sturgeon
	
	
	
	
	
	X

(n=25)
	X

(n=15)
	
	

	Non-game fish
	
	
	
	
	
	
	
	
	

	Steroids
	

	Adult male sturgeon
	
	
	X

(n=21)
	
	X

(n=8)
	X

(n=12)
	X

(n=20)
	
	

	Adult female sturgeon
	
	X

(n=9)
	X

(n=13)
	
	
	
	
	
	

	Juvenile sturgeon
	
	
	X

(n=5)
	
	
	X

(n=25)
	X

(n=15)
	
	

	Non-game fish
	
	
	
	
	X

(n=40)
	
	
	
	


1 Chemical analysis of biological media listed in the preceding includes analysis for a variety of compounds including, organochlorine pesticides, PCBs (Arochlors and congeners), organophosphate pesticides, metals chlorophenols, PAHs, PBDEs, Dioxins and Furans.

2 Does not include mainstem water samples collected for the KR Ecosystems project

3 This is the total number subsamples analyzed

TC – Trout Creek; PC – Parker Creek; LC – Long Canyon Creek; MC – Myrtle Creek
ISRP Comment 16: 1.i. Evaluation of an experimental non-essential white sturgeon population does not appear to be justified at this time. 
Project Sponsor Response 16: Evaluation of an experimental non-essential population of Kootenai River white sturgeon was proposed by the USFWS White Sturgeon Recovery Team because if natural recruitment failure continues for the next few decades, as it has during the past three or four, up to several decades will exist during which all members of the population will be too young (or possibly too old) to produce progeny.  Within the next 20 years or so, native remnant adults from this population will be lost from the population due to old age and natural mortality (without natural replacement) (See Figure 2). 
First, although the conservation hatchery program has been successfully producing progeny with these wild parents during the past 15 years (~1/2 a generation; KTOI 2005) and representing over 97% of the 52 wild alleles (Rodzen et al. 2004), uncertainty exists regarding the success of this approach to long-term population persistence. As the ISRP points out in their Comment 4: “considerable concern about the long-term prognosis of this project” this uncertainty justifies evaluation of an alternative or back-up approach to prevent extinction, before the population lacks adequate genetic diversity for alternatives to succeed. 
Secondly, large gas pipelines, railroads, and highways parallel the Kootenai River and also exist at various locations within the watershed. A population with few or no reproducing individuals for 10-20 years is vulnerable to an unintended spill or accident from any of these local sources.  As with cryopreservation, evaluation of an experimental non-essential population intentionally supports recovery of an endangered population and hedges against uncertainty and failure of alternative approaches. 
Thirdly, evaluation of an experimental non-essential population is further warranted because multiple populations of an endangered species significantly if not exponentially increases the probability of persistence by hedging against extinction of a single remnant population due to stochastic events or factors (Meffe and Carroll 1997; Oz Garton, UI, personal communication) 

ISRP Comment 17: Objective 2. Burbot Conservation Aquaculture. 2.a.1. Optimize adult collection. It is not sufficiently clear what specific actions are being proposed. A response is required.

Project Sponsor Response 17: The optimization referred to in 2.a.1 “Optimize adult collection, holding, and spawning techniques” mainly referred to optimizing holding and spawning techniques, rather than adult collection. However, observations of wild broodstock collected from deep trap net sets indicated that swim bladder rupture is common and may have contributed to pre-spawning mortality (Neufeld and Spence 2004c).  Attempts to mitigate swim bladder injury by various decompression treatments in the field did not significantly alleviate such injuries (Neufeld and Spence 2004c).  Also, burbot that were Floy tagged during adult collection subsequently developed deep lesions at the tagging site.  Therefore, three things have been done or are being pursued to optimize success of broodstock collection: 1) eliminate use of external Floy tags on any burbot used in any phase of the conservation aquaculture program; 2) collect burbot broodstock from shallower water whenever possible; and 3) pursue options to collect gametes and spawn burbot in the wild.  

ISRP Comment 18: 2.a.2. Spawning. Sufficient detail is not presented. Please provide.
Project Sponsor Response 18: Volitional spawning of burbot in this project refers to males and females releasing gametes into the water of the broodstock holding tanks, with fertilization occurring to some degree within the tanks. Other than having administered hormone injections prior to this activity, volitional spawning occurs without human intervention within the tanks.  

If volitional spawning results in favorable fertilization rates, it provides several advantages over more intensive spawning techniques: 1) reduced labor costs by avoiding all the personnel hours for pre-spawning monitoring and actual time spent spawning fish; 2) chemical, anesthetics and other associated equipment and chemicals needed for manual spawning; and 3) reduced stress from handling of pre-spawned fish and the additive stress associated with physically spawning the fish. Huse and Jensen (1983) reported some advantages to refining volitional spawning with marine cod. Some burbot in this project at the UI-ARI facility spawned volitionally with and without prior hormone injection treatments.

ISRP Comment 19: 2.a.3. Repeat/confirm incubation trials. It would be better if a new incubator design for testing were provided here, not just a statement that "other possible incubator designs be tested." In general, the burbot culture work needs to identify the tasks (steps) needed to be developed to move culture from an experimental to production phase, what stage they are at for each of these tasks, and the specific experiments to be conducted during this project solicitation cycle. Can this be provided?
The following table provides the next steps needed to move from the experimental phase to the production phase of this project. The following table also provides requested information concerning the current status of various burbot aquaculture program activities regarding this progression.

To summarize, all adult activities (collection, holding and spawning), and incubation activities do not currently limit progression from the experimental phase to the production phase.  However, exogenous feeding methods required for long term larval survival and subsequent juvenile rearing methods still need to be optimized for these activities to progress from the experimental phase to the production phase. 

Summary of initial research tasks:

Preliminary trials implemented in 2003-2004 were aimed primarily at characterizing our ability to bring wild caught burbot into captivity and successfully spawn these fish. Based on the hypothesis that wild caught burbot held under culture conditions would spawn successfully, the objective of year one was simply to determine if viable gametes could be obtained from burbot held in captivity.

To accomplish this task, burbot (20) were collected from a wild population (Duncan Lake, BC) and eventually transported to the UI (Aquaculture Research Institute) where they were held in a recirculation system designed to mimic natural environmental conditions (i.e. temperature and photoperiod).  Sex was determined via ultrasound and it was found that 13 females and 7 males were represented.  Fish were distributed in tanks as a mixed sex population to allow for physical interaction between sexes.  To further maximize the likelihood of spawning, hormone treatments were implemented and evaluated for their effectiveness at inducing and synchronizing spawning. 
Results from year 1 were promising and it was found that 100% of burbot (20) held in captivity (chilled re-circulating system) spawned successfully.  However, there was a high incidence of volitional (in tank) spawning (69%) that was unexpected and inhibited effective gamete collection.  Synchronization of spawning for female burbot appeared to be improved following injection or implantation of a GnRH analogue (Ovaprim), and egg collection, fertilization, incubation, and hatching of larvae burbot was achieved in year one.  These results showed great promise and provided the first step in determining if such an approach could meet the goals of a conservation aquaculture program.  

	Critical Burbot culture components
	Burbot culture activities
	Progress to date
	Immediate experimental needs
	Future experimental needs
	Production feasibility status
	Comments

	Adult Phase
	Collection
	Satisfactory
	None
	Refine collection methods
	Requirements met
	Adult phase activities do not currently limit production 

	
	Holding 
	Good
	None
	Capacity
	Requirements met
	

	
	Spawning
	Good
	None
	Optimize techniques 
	Requirements met
	

	Egg phase
	Incubation
	Good
	None
	Identify other possible designs
	Requirements met
	Egg phase activities do not currently limit production

	Larval phase
	Holding (pre-mouth development)
	Good
	None
	None
	Requirements met
	Feeding methods need refinement

	
	Feeding
	Good
	Determine optimum feeding regimes 
	Investigate various methods (intensive vs extensive) of exogenous feeding
	Larvae could be stocked at first feeding
	

	Juvenile
	Grow-out
	None (not investigated)
	Transition to artificial feeds
	Growth characteristic studies
	Requirements not yet met
	Juvenile rearing methods must be developed

	Burbot health
	Disease susceptibility
	None
	Establish for pathogens of concern
	Identify critical diseases of concern
	Knowledge of health status limited
	Currently recruiting graduate student

	
	Pathogen screening protocols
	None
	Develop/characterize tools (i.e. cell lines)
	Establish methods for burbot
	Screening needs dependent on broodstock source
	Establishing collaborations with appropriate State and Federal fish health labs


The positive results of year one were encouraging and allowed us to develop specific objectives aimed at improving and optimizing aspects of burbot culture in year two and currently.  These objectives were 1) to confirm the effectiveness of hormone treatment for spawning induction and synchronization; 2) to further optimize spawning by limiting volitional gamete release; 3) to test different upwelling incubator styles for improved egg survival; 4) to evaluate larval survival during transition from live to artificial diet; and 5) to explore natural (extensive) rearing environments as an potential approach for effective larval rearing.

Results from year two (2005) confirmed that hormone implants significantly reduced/synchronized the spawning period for female burbot.  However, volitional spawning still occurred despite segregation of sexes.  This suggests that physical contact may play less of a role than chemical signals, which would still be present in this re-circulation system.  It is also possible that female burbot will release eggs once they fully ovulate; however, not all fish from this stock (Duncan Lake, BC) successfully spawned in year two and re-adsorption of eggs occurred.  Egg incubation success was improved using Imhoff cones and mini-hatching jars, which showed significantly better survival from fertilization to the eyed stage than a McDonald type incubator.  

Larval survival appears to be the biggest area of concern for burbot culture.  Although a feed study showed that larvae can transition to dry diet, the length of time they are fed a live diet greatly influences their survival.  In addition, larvae are very sensitive to any handling following hatching and this must be limited if improvements in survival are to be achieved.  One possible mechanism for improving larval survival is to optimize rearing under natural conditions.  In year one, it was found that < 1% of larvae survived when reared under intense conditions, whereas approximately 8% survived to 60 days when stocked into outdoor rearing tanks fertilized and seeded with rotifers and daphnia.  A portion of these surviving fish were successfully transitioned to artificial diets and have survived for nearly 2 years (average approximately 30 cm).  If a similar approach utilizing natural ponds or outside tanks could be optimized, it may represent a simplified means of obtaining burbot of the desired stocking size for a recovery program.     

ISRP Comment 20: 2.a.7. Development of burbot cell lines for virus isolation is not yet justified. Please justify or delete?
Project Sponsor Response 20: Although he reviewers suggested that the development of cell lines for this species is not justified, it should be noted that such cell lines have already been produced from embryos during initial culture experiments.  This component of the proposal relates to the need to address fish health concerns that arise from culture and reintroduction of this species.  By addressing disease concerns or unknowns early in the program, potential problems or disease testing requirements for permitting by management agencies may be identified before implementation of an intensive culture program.  
By way of example, a comparison can be made to the sturgeon program in which outbreaks of white sturgeon iridovirus (WSIV) occurred shortly after implementing the aquaculture program.  Having cell lines available as tools to assess potential viral infections is essential.  This is especially true if burbot stocks from outside the Kootenai system are used for the source population.  We also believe that many other aspects of fish health must be characterized for this species because limited baseline disease susceptibility information exists.  A thorough evaluation of carrier status for certain regulated pathogens is needed.  The availability of cell lines from this species can provide a means of identifying currently unknown viral diseases that may be encountered once fish are brought into a culture program or transferred between or among basins.  
ISRP Comment 21:  2.b.1. Obtain adult burbot and gametes for fish culture experiments. It is not clear what experiments will be performed with the adults collected and transported to the University of Idaho. Is this the source for the earlier work elements under 2.a? Please clarify. 
Project Sponsor Response 21: The project sponsors apologize for the confusion.  Yes, this objective refers to the collection of adult burbot and gametes that are provided to the University of Idaho Aquaculture Research Institute for the earlier work elements under 2.a.   

ISRP Comment 22: Population indexing needs more justification. It is not clear from the presentation that the precision and accuracy of the estimates will support management decisions. Reintroduction work is premature at this time. Please clarify.
Project Sponsor Response 22: A burbot sampling program has been conducted in the Kootenai River each year from 1993 to present.  Data from annual sampling provide little information on annual population patterns. However, pooled data from all years provide an accurate representation of average burbot population status and the long term trend in abundance.  Analysis and results of this sampling program are detailed in Paragamian et al. (In press).  Annual catches are low and a total of only 403 burbot were captured through 2004.  Mark-recapture data indicate this is because of a very small burbot population using the mainstem Kootenai rather than due to poor sampling efficiencies.  Average abundance in 1997-2003 was estimated at approximately 150 adult spawners per year with 95% confidence intervals of approximately 100 to 300 fish.  Current catches are concentrated in a limited portion of the river where burbot congregate to spawn.  Telemetry data confirm that these concentrations represent a burbot population that is more widely distributed during the rest of the year.  Extensive adult and larval sampling with proven methods in other areas has confirmed the current rarity of burbot.  The available data in conjunction with historical information on a widely distributed and commercially abundant burbot population is adequate to document the continuing decline and dire status of the Kootenai River burbot population.  

Effective stock assessment methods for burbot have been established for small shallow lakes in Alaska (Lafferty et al. 1992).  However, methods to assess burbot in larger, deep water lakes are less well established, and often involve substantial damage to fish as a result of decompression trauma (Neufeld and Spence 2004a).  Researchers are now currently identifying potential methods to avoid these problems, and developing sampling techniques to address these concerns.  In B.C., in response to concerns over burbot populations in many areas of the Province, a committee has been established including a number of biologists in from various regions in B.C., as well as a senior research scientist from the Ministry of Environment Research Section at UBC, to coordinate data collection methods and analyses for burbot studies across the Province.  The methods developed through this committee over the next year will be used for assessment in the Kootenays.  Work planned under this activity will be conducted with peer review from this committee.  Although not certain, it is probably that estimates of population size will be based on burbot densities from trapping CPUE which has been used successfully in Alaska (Lafferty et al 1992, Burr 1995, Taube and Bernard 2001, Giroux, P.A. 2006), as well as mark recapture analysis.  
Removal of burbot spawners and/or disruption of spawning activities to obtain gametes for conservation aquaculture research or production places an additional level of harvest on population(s) which are already of concern to local fishery managers.  Therefore, additional attention to stock status is required to ensure population levels remain at acceptable levels if brood stock are to be removed for conservation aquaculture purposes. 

ISRP Comment 23: 2.d. Planning for implementation of burbot conservation aquaculture seems premature at this point. It does not appear that the primary culture techniques will be established during this funding period. Please respond if you believe such planning is justified?
Project Sponsor Response 23:  Project sponsors believe that the planning for implementation of burbot conservation aquaculture will need to occur within the latter part of this 3 year funding cycle.  The approval and implementation of Objective 2.d will be dependent upon progress made in the NWPCC’s 3 Step Planning Process.  Your ISRP review in the step process will guide when and how the planning for the implementation of the burbot aquaculture program will take place.  It may be that the program starts out with an experimental designation, just as the sturgeon conservation aquaculture program did in 1991. Please refer to the response to ISRP Comment 19 for a summary of the progress on the primary culture techniques to date.  Please refer to the response to Comment 25 for our response to the need to begin Step One of the 3-step planning process.  
ISRP Comment 24: Objective 3. Reintroduce Kokanee. The data provided in the project history section of the proposal seem to suggest that kokanee reintroduction is not succeeding. An interpretation of progress to date is needed, an explanation of what the limiting factors are believed to be and that they have been addressed. A timeline for evaluation and reappraisal is needed. Please respond. 
Project Sponsor Response 24:  ISRP is correct to a point out that kokanee reintroduction does not appear to be succeeding. Project sponsors recognize that eyed egg plants alone are unlikely to succeed since South Arm rearing conditions have been poor for the last three decades and escapements are virtually non existent.  Project sponsors believe that reintroductions should occur sooner rather than later and that appropriate stocks should be identified and targeted so that larvae or juveniles can be reintroduced.  
However, egg plants combined with nutrient additions to the South Arm are anticipated to be successful in the long term. Full growing season nutrient addition only began in 2005 (2004 work was limited to 6 weeks) and therefore any appreciable change in kokanee escapements due to increased in-lake survival  cannot be expected until 2007- assuming age 2+ at spawning. 
The challenge of increasing kokanee escapements to North Idaho tributaries is further confounded by scale. Combined 2005 egg plants in BC and Idaho streams totaled ~ 4.3 million. Estimated egg deposition by North Arm kokanee in 2005 in the Lardeau River and Meadow Creek was ~50-60 million. Progeny from the 2005 brood (both North and South Arms) will be subjected to high predator pressure throughout their life in the lake and since these “stocks” intermingle they are preyed upon at the same rate. The less abundant or weak South Arm stock cannot sustain high predation rates compared to the abundant North Arm stock unless improvements are made to their survival in the lake and concurrently in the spawning streams.
Nutrient additions to the North Arm of Kootenay Lake as well as to the Upper Arrow Reservoir resulted in rapid kokanee growth and survival responses that were reflected in increased escapements within 2-3 years of nutrient addition. It is not expected that such a rapid response will occur with the South Arm stock given lack of spawners in recent years and total reliance on eyed egg plants that most likely will experience highly variable egg-to-fry survival rates. For this reason conservative targets of 50 adults per candidate stream by 2007 were identified in the submission. If spawners are observed during the next three years then consideration should be given to additional improvements to some of the streams. Evaluation of escapements to the candidate streams is proposed from 2007-2009. Reappraisal should be conducted in late 2009. 
ISRP Comment 25: Objective 5. A 3-step process and Master Plan for Kootenai white sturgeon and burbot does not seem justifiable at this time. This should be reconsidered based on a revised aquaculture proposal, and considering continued progress in meeting both improvements in natural production of white sturgeon and hatchery production of burbot.
Project Sponsor Response 25:  Project proponents believe initiating the 3-step process through development of a step one Master Plan for Kootenai white sturgeon and burbot is essential at this time. 

The NWPCC’s 3-Step process is designed to foster a comprehensive review of the science and costs associated with artificial production programs. The 3-step process requires that projects be considered in the context of their roles and potential impacts within specific subbasins and receive the detailed scrutiny from the ISRP prior to approval. The NPCC 3-Step process includes planning requirements and associated schedules that allow for detailed ISRP review at each stage of the process.  The 3-Step review is specifically designed to ensure that substantial funds are not allocated to projects that are not well designed, are not scientifically sound, or are otherwise flawed.  The 3-Step process specifically requires that project proponents address ISRP and NWPCC comments and questions and incorporate new information, corrective direction, etc. before moving to the next stage of the process.  The project proponents believe the 3-Step process affords a valuable opportunity for dialog with the ISRP and NWPCC, as well as an opportunity to effectively address concerns about the proposed program, make adjustments – or if deemed most appropriate – abandon the proposed program.  

In their programmatic comment to the Council on the FY 07-09 proposals, the ISRP recommended the NWPCC rely on the 3-Step process for the “ISRP’s substantive scientific review of artificial production projects.” 

We note that design, review, development, approval, permitting, and construction of artificial production projects, are collectively, a very slow process.  For this project, the proposed schedule to meet the NPCC 3-Step requirements, including the required reviews and approvals, would most likely extend from fall of 2006 to summer of 2010.

As noted previously the Kootenai white sturgeon population is listed as endangered under the ESA.  As stated previously, we acknowledge that achieving the long-term recovery goal of a naturally-self sustaining population is not certain, and that the success of recovery efforts depends on restoration of habitats and an ecosystem capable of sustaining natural production.  However, given the continued failure of measures to restore natural recruitment, the hatchery program represents the sole demonstrated effective alternative for forestalling the otherwise imminent extinction of Kootenai white sturgeon.  Given the time frame to complete 3-Step planning and the probable extinction of Kootenai white sturgeon without the intervention proposed through this project it seems to us vital that we initiate 3-Step planning activities as soon as possible to accommodate the newly identified conservation aquaculture recommendations as identified by the USFWS White Sturgeon Recovery Team. 

The burbot components of the proposal are also urgent in the context of the status of the Kootenai population.  The goal of the Burbot Conservation Strategy is to “restore and maintain a viable and harvestable burbot population in the Kootenai River and South Arm of Kootenay Lake.”  Without immediate and substantive management action, native riverine burbot in the Kootenai will disappear completely.  We believe that immediately initiating 3-Step planning for burbot as part of the same project will result in substantial administrative and cost savings as well.  We acknowledge the complexity and umbrella nature of the proposal and would suggest that, if work is approved to initiate the 3-Step process, the step one Master Plan, be clearly written to incorporate separable program components.

ISRP Comment 26: Monitoring and evaluation are important in this project. But there are several elements to this proposal. A more thorough review would be required to determine if the M and E is sufficient to determine if the projects achieved their goals and benefited fish and wildlife. There is a strong need to stay on top of actual progress on this project, because the long lifespan of the sturgeon can result in progress measurable over many years.
Project Sponsor Response 26: Project proponents agree with the ISRP regarding the value and the need for timely provision of progress. Toward this end, this project has developed and continues to refine and implement a multidisciplinary M&E Program that addresses issues of genetics, fish health, growth, survival, and biological condition of hatchery produced juveniles. Annual M&E reports are provided for genetics, fish health, post-release performance of all life stages of sturgeon released from the Kootenai Hatchery (in cooperation with Idaho Fish and Game and the British Columbia Ministry of Environment), cryopreservation, and hatchery water quality, along with annual hatchery reports that detail program activities. A new breeding plan was completed in 2004 that outlined this project’s M&E programs (KTOI 2004). A detailed 15-year hatchery report was also recently published (KTOI 2005) which presented M&E methods and results from a wide range of program activities including:

1) hatchery operations (broodstock, spawning and fertilization, incubation and hatch, rearing, release, fish health and genetic monitoring and cryopreservation protocols)

2) Production (numbers spawned, reared and released), and
3) Additional M&E activities (including all field sampling activities, and life stage specific survival, abundance, growth and condition estimates where and when appropriate).
Thus, during its first 15 years this project has developed and continues to refine and implement a multdisciplinary M&E program as recommended by ISRP Comment 26.
ISRP Comment 27: Facilities are fine, and communication has been excellent among the Kootenai projects. The sponsors are encouraged to publish in the open literature.
Project Sponsor Response 27: The project sponsors will continue to strive to publish various aspects of this project’s accomplishments in peer-reviewed and other accessible outlets.  The following list of peer-reviewed papers that have been generated from this project is provided in response to this ISRP recommendation (See page 73 of the project proposal for a more complete list of additional publications and reports): 
Anders, P.J. 2002. Conservation Biology of White Sturgeon. Ph.D. Dissertation, University of Idaho, Aquaculture Research Institute, Center for Salmonid and Freshwater Species at Risk. Moscow, ID. 221 pp. (7 Chapters).

Anders, P. J., D. L. Richards, M. S. Powell. 2002. The First Endangered White Sturgeon Population (Acipenser transmontanus): Repercussions in an Altered Large River-floodplain Ecosystem.  Pages 67-82 In: W. Van Winkle, P. Anders, D. Dixon, and D. Secor, eds. Biology, Management and Protection of North American Sturgeons. American Fisheries Society Symposium 28.

Drennan, J.D. 2006.  Studies on transmission, diagnostics, and immunity to white sturgeon iridovirus (WSIV).  PhD Dissertation, University of Idaho, 163 pgs.

Drennan, J.D., Ireland, S., LaPatra, S.E., Grabowski, L., Carrothers, T.K. and Cain, K.D. 2005.  High-density rearing of white sturgeon Acipenser transmontanus (Richardson) induces white sturgeon iridovirus disease among asymptomatic carriers.  Aquaculture Research 36, 824-827

Drennan, J.D., LaPatra, S.E., Siple, J.T., Ireland, S. and Cain, K.D. 2006.  Transmission of white sturgeon iridovirus in Kootenai River white sturgeon (Acipenser transmontanus).  Diseases of Aquatic Organisms In Review
Duke, S., P. Anders, G. Ennis, R. Hallock, J. Hammond, S. Ireland, J. Laufle, L. Lockard, B. Marotz, V. Paragamian., and R. Westerhof. 1999.  Recovery Plan for Kootenai River white sturgeon (Acipenser transmontanus).  Journal Applied Ichthyology (15): 157-163.

Ingermann, R.L., M. Holcom, M. L. Robinson, and J. G. Cloud. 2002. Carbon Dioxide and pH affect sperm motility of white sturgeon (Acipenser transmontanus).  Journal of Experimental Biology 205: 2885-2890.

Ireland, S. C., P. J. Anders, and J. T. Siple. 2002. Conservation aquaculture: An adaptive approach to prevent extinction of an endangered white sturgeon population (Acipenser transmontanus). Pages 211-222 In: W. Van Winkle, P. Anders, D. Dixon, and D. Secor, eds. Biology, Management and Protection of North American Sturgeons. American Fisheries Society Symposium 28.

Ireland, S.C., R. C .P Beamesderfer, V. L. Paragamian, V. D. Wakkinen and J. T. Siple. 2002. Success of hatchery – reared juvenile white sturgeon (Acipenser transmontanus) following release in the Kootenai River, Idaho, USA. Journal of Applied Ichthyology 18: 642-650.

Kock, T. J. 2004. Effects of sedimentation and water velocity on white sturgeon (Acipenser transmontanus) embryo survival. MS Thesis, University of Idaho, Moscow. 66 pp.

Kock, T. J., J. Congleton, and P. J. Anders.  2006. Effects of Sediment Cover on Survival and Development of White Sturgeon Embryos. North American Journal of Fisheries Management  26:134–141.
Kruse, G., and D. Scarnecchia.  2002a. Assessment of bioaccumulated metal and organochlorine compounds in relation to physiological biomarkers in Kootenai River white sturgeon.  Journal of Applied Ichthyology 18: 642-650.

Kruse, G.O. and D.L. Scarnecchia.  2002b.  Contaminant uptake and survival of white sturgeon embryos.  American Fisheries Society Symposium 28:151-160.

LaPatra, S. E. S. C. Ireland, J. M. Groff, K. M. Clemens, and J. T. Siple. 1999. Adaptive disease management strategies for the endangered population of Kootenai River white sturgeon. Fisheries 24 (9): 6-13.

Paragamian, V. L., R. C. P. Beamesderfer, and S. C. Ireland.  2005.  Status, population dynamics, and future prospects of the endangered Kootenai River white sturgeon population with and without hatchery intervention.  Transactions of the American Fisheries Society 134:518-532.

Yesaki, T. Y., R. Ek, J. Siple, J. P. Van Eenennaam and S. I. Doroshov.  2002.  The effects of iodophor disinfection and transportation on the survival to hatch of fertilized white sturgeon (Acipenser transmontanus) eggs. Journal of Applied Ichthyology 18: 639–641.

Some concluding general comments (from the ISRP):

ISRP Comment 28: This work must be determined to not duplicate other agency work proposals in the basin. There are many players working on the few white sturgeon in the basin. In light of what is known (and not known) about Chondrostean life histories and the limited genetic information to date, there are legitimate questions about the rationale thus far of favoring and relying on a conservation hatchery program for the Kootenai over a simpler and potentially much cheaper stocking program from downriver stocks. This option should at least be reconsidered as the years pass. Since 1988, numbers of wild fish in the Kootenai continue to decline, and costs increase yearly. This stock has the same fundamental genetics as other proximate stocks, but with lower genetic diversity than the other groups. The Kootenai is an abnormal system so fish will do things in an abnormal way. White sturgeon are slow to evolve. In this and other Kootenai proposals, there may be overemphasis on the uniqueness of these fish, which may simply reflect the abnormal environmental conditions now present. 
Project Sponsor Response 28: The work in this proposal is not duplication in other agency work proposal in the Kootenai Subbasin.  We all collaborate and coordinate very closely through the USFWS white sturgeon recovery team as well as the KVRI burbot committee and the International Kootenai Ecosystem Restoration Tem (IKERT). As for the comment regarding the legitimacy of relying on a conservation culture program for Kootenai sturgeon, rather than using downriver stocks, this is an interesting and legitimate comment regarding an issue that has been discussed internally among project personnel and collaborators, but not identified in previous ISRP reviews. However, because it was brought up here in ISRP Comment 28, it is discussed below.
All genetic diversity is not created equal and introductions from non-native populations can have devastating unintended consequences, as the ISRP is presumably well aware of. Also, as stated in Response #4, just because a small suite of neutral genetic markers failed to provide statistically significant differentiation of genotypes does not suggest that transplantation of fish from another basin with no co-evolutionary history would be successful, or would necessarily be a good idea. However, this idea merits further discussion.
Stocking fish into the Kootenai River from non-native downriver stocks would not necessarily be simpler, and may not necessarily be more successful. Careful consideration of emerging complexities suggests that it may not be cheaper. Even if it were, project proponents certainly would not endorse or support cost savings at the expense of program success, or increased risk to native taxa. 
The more one thinks about this idea, the more complicated it becomes. Such an action involves numerous important issues and considerations (e.g. outbreeding depression, lack of locally adapted genes, gene complexes and associates phenotypes, and behaviors). At least two state and two federal governments, a provincial government well as Indian Tribes and First Nations in the U.S. and British Columbia and the Kootenai River White Sturgeon Recovery Team.  This issue also involves the U.S. Endangered Species Act and the SARA (Species At Risk Act) in Canada. (At least in the U.S. nothing seems cheap and simple when it involves federal recovery programs that involve contentious alterations that affect a species in international waters).
Regarding related scientific issues, researchers at the University of Idaho and elsewhere have discovered significant genetic divergence among strains of white sturgeon iridovirus (WSIV). PCR primers that were developed on some strains do not amplify others, indicating significant DNA sequence divergence. Thus, problems of disease resistance, or lack of disease resistance due to lack of coevolution of sturgeon and the different WSIV strains poses a potentially serious risk associated with hypothetical sturgeon transfer. 
As another example, differences in timing of environmental parameters and locally developed cues for spawn timing/temperature, location and associated migration and spawning behaviors could render introduced fish unsuccessful in the Kootenai. Introduced non-native sturgeon in the Kootenai River could also depress the ability of the remnant wild population to spawn naturally. Finally, optimal incubation temperatures of downriver sturgeons are not optimal in upriver populations.  In extreme cases, incubation temperature regimes of downriver stocks may have significant lethal or sub-lethal negative effects on upriver stocks like the Kootenai population.

In conclusion, the purpose of this response is not to discourage discussion about this important issue raised by the ISRP. Rather, it is to acknowledge that project proponents recognize considerable complexity and risk associated with the actual implementation of the ISRP suggestion to consider stocking lower river fish in the Kootenai. Project proponents look forward to further discussion of this issue with the ISRP and other relevant entities. Project proponents support further discussion and development of a plan if necessary that would include a series of systematic testing and evaluations of potential risks and benefits of importing non-native sturgeon, should the Kootenai River population begin experiencing fitness depression linked to low genetic diversity. 
Although the Kootenai population is characterized by reduced diversity relative to other conspecific populations in the Columbia, Fraser, and Sacramento populations no evidence has been observed, despite investigations, to suggest that this level of diversity is currently having any negative effects on individual or population fitness. Lower diversity in a geographically peripheral re-founded population in isolation for over 10,000 years would have been expected even prior to demographic and genetic bottlenecks during the past 100 years.
ISRP Comment 29: Because the proposal has become so complex, it may be better for the burbot work to be separated into another proposal.
Project Sponsor Response 29: Although we agree with this ISRP comment regarding the complexity of the project, from past experience managing large projects we feel that separating the burbot work into a separate contract would create additional and unnecessary managerial requirements, both in terms of time and cost.  This same logic has been successfully applied on a larger scale with the BPA 86-50 program and its many subcontractors.  This Kootenai River project admittedly acts as a bit of an umbrella contract for Kootenai River native fish restoration and aquaculture. However, this arrangement still appears to be the most efficient way to successfully administer the said diversity of activities, including the burbot program activities. However, we will continue to work cooperatively with our BPA program representatives to ensure the most efficient management and operation of this and our other BPA-funded projects.
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