200200200 - Restore Natural Recruitment of Kootenai River White Sturgeon

Sponsor: Kootenai Tribe of Idaho
Budgets: FY07: $3,452,000 | FY08: $3,642,000 | FY09: $3,593,000
Short description: Design, implement, and evaluate habitat improvement and creation actions and altered hydro operations, monitor responses, and refine physical and hydraulic models to characterize sturgeon recruitment requirements, implement actions to restore recruitment.
view full proposal
Recommendation: Fundable in part

Comment:
INITIAL NOTE TO THE ISRP: Project sponsors appreciate the opportunity to communicate with the ISRP. Incorporation of ISRP recommendations will improve the quality of this project, and our responses should better inform the ISRP about many important project features and predicted outcomes. 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 was a generally well-prepared proposal for a multitude of simultaneous research, modeling, data assessment, and on-the-ground habitat restoration work in the Kootenai River where white sturgeon have spawned historically, but now are unsuccessful. 
Project Sponsor Response 1: (Minor clarification): A portion of the Kootenai River white sturgeon population spawns naturally during any given year, confirmed by annual embryo collections from the river since 1990 (Paragamian et al 2005). However, despite consistent spawning, natural recruitment with few exceptions has failed since the 1960’s, and recruitment failure is cited as the primary threat to this endangered population (USFWS 1994, 1999; Duke et al 1999, Anders et al. 2002; Paragamian et al. 2005). Ongoing recruitment failure and 15 consecutive years of unsuccessful attempts to re-establish natural recruitment have elevated the importance of the conservation aquaculture program in the mix of available options to restore Kootenai River white sturgeon (KTOI 2005). 
ISRP Comment 2: The premise is that multiple approaches are necessary because the reason(s) for recruitment failures is still uncertain and the population is in precipitous decline.  We question the strategy of concurrently pursuing multiple (very expensive) directions. We fail to see the urgency, although we agree with the ultimate desirability of restoring suitable spawning and rearing habitat. The conservation hatchery project gives time to test possible habitat remediation approaches sequentially. Doing all these efforts at once will make it more difficult to tell what actions were successful and what ones were not. One might argue that successful recruitment is the objective, however achieved, but managers need to know which actions were effective in order to sustain long-term habitat and population management. 
Project Proponent Response 2: The logic in the above ISRP response is laudable. However, following decades of failed recruitment and demographic bottlenecking (including some irreplaceable loss of locally adopted traits and behaviors not represented by current neutral genetic marker data), the proposed study design appears to provide the best chance of restoring natural recruitment in the shortest amount of time. 
As indicated in this ISRP Comment, the experimental treatment sequence of this project may not be ideal from a reductionist experimental design standpoint (i.e., effects of nutrient restoration/hydrograph modification options could be confounded during the first few years of application).  However, due to the extreme magnitude and duration of past ecological perturbation, the overdue need for habitat and system-level restoration actions, and the time expected to make a difference for fish in this context, project sponsors defend the proposed experimental design and rationale. Most proposed options will be implemented as quickly as possible, so the experimental design is a reverse-titration or “kitchen sink” structure (Walters et al. 2005).  Considering response lags in confirmation of sturgeon recruitment (several years to capture juveniles based on gear limitation), changes in the experimental treatment sequence will occur within this time frame based on results of experimental treatments. 

Project sponsors and the Kootenai River White Sturgeon Recovery Team agree with the ISRP that the proposed “Kitchen Sink” adaptive management approach may initially confound our mechanistic understanding of outcomes or treatment effects. However, these research and management groups strongly feel that the population lacks adequate persistence time to successfully implement a long-term series of sequential replicated trials to identify and rectify individual hypotheses or factors limiting natural production and recruitment.  Assuming that improved spawning and incubation habitats, productivity, food availability and hydrograph or thermograph conditions and a larger spawning populations may be needed to restore natural recruitment, sequential testing of individual (univariate) recruitment failure hypotheses does not appear to be in the best interest of this population and restoring natural recruitment.
While understanding and respecting this ISRP comment, project sponsors and the recovery team support the proposed experimental design that places restoration of recruitment first and foremost. Finally, unless simultaneous implementation of multiple restoration activities is somehow counter-productive, we feel that the proposed approach is in the best interest of the population, despite the chances of initially confounding the mechanistic understanding of recruitment failure and restoration. 
ISRP Comment 3: Everything tested cannot be maintained in perpetuity. 
Project Sponsor Response 3: Project sponsors have no intention of maintaining everything tested in perpetuity. Alternatively, sequential elimination of proposed restorative management actions once natural recruitment is restored will ultimately maintain the smallest number of management actions required to sustain natural recruitment. Thus, the proposed approach differs little in principle from the sequential approach recommended by the ISRP - it is simply a process of sequential elimination versus the sequential factor testing approach suggested by the ISRP. 
Finally, the reasonable assumption that recruitment failure is a multivariate problem suggests that more than a single solution may be needed to restore natural recruitment (e.g. a multivariate solution may be required for a multivariate problem, a paradigm often true in restorative ecology).  Thus, the sequential univariate approach does not appear to project proponents to be in the best interest of the remnant population given its limited persistence time, and the greater duration associated with the sequential testing approach. 
ISRP Comment 4: The ISRP recommends that funding for the habitat modifications be funded in stages, with periodic independent review of syntheses of the work to date and identification of major findings, before committing to modest scale engineered habitat modification.
Project Proponent Response 4: Project proponents agree. Below we now respond to each review comment or recommendation where necessary in more detail by individual work element.
A priority order can be established from the following notes. Work elements (WE) 1-4 for trial habitat modifications to increase channel and flow complexity would seem to be high priority, with elements 1-3 (different sites) done sequentially and incrementally. 
Project sponsor response WE 1-4: We agree with the ISRP’s assessment of high priority for proposed work elements 1 through 4, and with their sequential and incremental implementation.
WE 5 (improving the hydraulic model) seems better suited for a later time, because the present model seems sufficient for early habitat trials 
Project Sponsor Response WE 5: WE 5 is subdivided into 3 distinct tasks: 5.1.a, 5.1.b, and 5.1.c. This response addresses the importance and significance of each task. For clarification purposes, Task 5.1a utilizes the USGS’s generalized 1-D hydraulic model of the entire Kootenai R. in Idaho (Berenbrock 2005). Tasks 5.1b and 5.1c utilize the USGS’s detailed multidimensional model of the Kootenai River white sturgeon spawning reach (Barton and others, 2006). We begin by discussing Task 5.1.c because of its utmost importance at this time.

Task 5.1.c is extremely important for optimizing habitat enhancement and minimizing implementation costs. The scope of Task 5.1.c involves verifying the ability of the multidimensional model to accurately predict changes in riverbed elevation due to erosion and deposition during the 2006 flood and other years. Task 5.1.c also includes any necessary changes to the model to maximize prediction accuracy. Verifying the model and enhancing its capability will help fishery biologists reduce expenditures on habitat enhancement by optimizing the minimum amount of flow, in-stream structure, or channel modifications needed to restore sturgeon recruitment. For example, accurately predicting the minimal flow requirement for scouring sand from buried gravel-cobble substrate to provide clean gravel and cobble during sturgeon spawning is critical to evaluating the proposed recruitment bottleneck due to embryo suffocation. Before, during, and after the 2006 Kootenai River flood, the USGS measured the elevation of the river bed at more than 40 cross- sections. In addition, USGS vibracoring and underwater video footage revealed that more than a foot of sand was scoured during the 2006 flood, exposing a small gravel layer in the spawning reach. Some of this mobilized sand was re-deposited on the inside bend of the downstream river meander, forming a large point bar. This unique data set is invaluable in testing and refining the ability of the USGS multidimensional model to accurately predict scour and deposition at proposed sturgeon habitat enhancement sites and other locations important to the restoration of natural recruitment. Preliminary modeling by McDonald et al. (in press) predicted that persistent high flow could flush sand and expose gravel at this site. These predictions were confirmed by recent on-site observations and the aforementioned video footage. In addition to valuable data collected during the 2006 flood, the USGS measured riverbed elevation data over a wide range of stream flows. 

Task 5.1.b is important from the standpoint of enhancing the current USGS multidimensional model so it can simulate unsteady flow conditions during sturgeon spawning events. The dynamic unsteady-flow conditions are caused by various aspects of a regulated river (e.g. changing Kootenay Lake levels and rapidly changing flow from Libby Dam and tributaries). The 2006 Kootenai River flood is a prime empirical example of unsteady river conditions during the sturgeon spawning season where river stage, velocity, and sediment transport change rapidly. As discussed in the proposal, this upgraded unsteady-flow model will be a more powerful tool for the important tasks of: 1) identifying and assessing explanatory variables of observed fish behavior;  and 2) determining habitat requirements for natural recruitment. 

Task 5.1.a is also important because it extends the current USGS 1-D steady-state hydraulic model of the Kootenai River in Idaho (Berenbrock, 2005) from the International Border downstream to the West Arm of Kootenay Lake. This expansion significantly enhances model performance. This proposed model extension is important because it will enable direct and more accurate prediction of how habitat restoration in terms of stream flow affects river stage. River stage, and its prediction is critical for various restorative ecology and societal reasons in Canada and the U.S. The USGS also collected valuable bathymetric data upstream to Libby Dam. The attached International Joint Commission letter of support stresses the importance of this modeling capability.

ISRP Comment on WE 6 and WE 7: WE 6 to analyze sediment input seems premature until sediment modifications show the importance (or lack thereof) of channel sediment for recruitment. To the extent that WE 7 differs from WE 6 (difficult to distinguish), evaluations are high priority. 
Project Sponsor Response WE 6 and WE 7: Project sponsors feel strongly about the importance of activities in work elements 6 and 7 as proposed. Decades of recruitment failure studies have confirmed that recruitment failure consistently occurs prior to the larval stage (Figure 2). This finding along with: 1) empirical evidence of the high lethal and sub-lethal sensitivity of incubating sturgeon embryos to sedimentation (Kock 2004; Kock et al 2006); 2) the predominance of sand and fine substrate material in current Kootenai River sturgeon spawning and incubation river reaches (USGS reports, Paragamian reports); and 3) the need to link lethal conditions from the lab to the field if they exist, combine to justify proposed refined evaluations of sediment dynamics and their potential effects on recruitment failure.
ISRP Comment on WE 8: It is unclear how WE 8 on turbidity will be productive since turbidity changes occurred historically along with flow, temperature, and channel modifications.
Project Sponsor Response WE 8: We agree with the ISRP about the historical occurrence of turbidity fluctuation due to flow, temperature and channel modifications. However, this work element is proposed to determine whether pre-dam and post-dam turbidity ranges overlap and how they compare to see if decreased turbidity is affecting the present lack of upstream spawning migration into the braided and canyon reaches where suitable spawning and incubation habitats exist based on published depth, velocity, and substrate criteria (Parsley et al. 1993; Anders 2002; Coutant 2004; Golder 2005). 
ISRP Comment on WE 9: on habitat correlates seems high priority. Project sponsors agree.
ISRP Comment on WE 10: seems premature until the results of trial habitat modifications are available and synthesized. 
Project Sponsor Response WE 10: Project sponsors feel that Work Element 10 (Evaluate feasibility of habitat enhancement) activities should occur as proposed because they address the feasibility of various habitat improvements.  As such, they are prerequisites to any habitat improvement treatments.  Feasibility assessment does not guarantee implementation of any proposed experimental habitat improvement treatments. Feasibility assessments also help eliminate unnecessary and inappropriate experimental treatments before they waste time and money.
ISRP Comment on WE 11 on egg transport dynamics seems to be contrary to the normal adhesive egg environment and of low priority. It is unclear why one would want to carefully quantify the dynamics of an adhesive egg that has failed to attach to solid substrate and has been abnormally transported in silty or sandy sediment (likely to its death). 
In a general sense and at face value, project sponsors agree with this assessment by the ISRP.  However, because Kootenai River sturgeon spawn in reaches dominated by sand and fine substrate (in areas of low current velocity that maintain such substrates), Work Element 11 is relevant to this restoration project.  Because this population spawns in these conditions, unlike other conspecific populations, recovery activities in the Kootenai have recently focused on two main strategies.  These strategies are grouped by activities intended to: 1) attract the fish upriver to spawn over suitable substrates (i.e. bring the fish to the habitat); and 2) improve survival of embryos in current albeit atypical habitats characterized by sand and fine substrates (bring the habitat to the fish).  Due to the reduced population persistence time and the dwindling size of the wild adult population, the recovery team has opted to pursue both strategies simultaneously.
Therefore, in this restoration context, quantifying adhesive egg and embryo (fertilized egg) dynamics is essential to evaluating habitat improvements (substrate additions) and recruitment restoration opportunities in this atypical but consistently used spawning habitat of Kootenai River white sturgeon (under the “bring the habitat to the fish” scenario). Furthermore, such investigations will either confirm or refute the recruitment failure hypothesis of embryo suffocation. This is important due to the significance of understanding recruitment failure, which occurs prior to the larval stage (Figure 2).  Finally, empirical understanding of recruitment failure mechanisms at this and adjacent life stages is crucial to understand recruitment failure in order to resolve it. These proposed activities provide the means to do that.
ISRP Comment on WE 12: an engineered habitat side channel, might be of sufficient scale to require a Three-Step Review. This could be started, with implementation later. 
Project Sponsor Response WE 12: This is may be true.  However, whether the engineered channel is subject to the 3-Step Process likely depends on the nature of its use. As described in more detail in Project Sponsor Response 12 later in this response document, if the channel is used exclusively as an experimental facility to investigate early life stage habitat requirements and not for any kind of fish production, especially for production without releasing fish, then the 3-Step Process may not be required. 
ISRP Comments on WE 13 and 14: on larval predation are not fundable as presented. They need much better justification. The other elements are administrative. 

Project Sponsor Response WE 13 and WE 14: Predation is believed to be one factor contributing to some degree to recruitment failure (Figures 1 and 2). 
Several discussions of the potential role of predation in recruitment failure provide justification for its study (Anders and Richards 1996; Korman and Walters 1999; Anders et al. 2002).  Korman and Walters (1999) integrated previous ideas concerning predation on sturgeon early life stages in the Kootenai River and referred to it as the risk-ratio hypothesis. This hypothesis stated that predation may be a significant early life mortality factor that could negatively affect recruitment. The risk ratio hypothesis suggests that a series of physical and resulting ecological changes in the post-dam Kootenai River stacks the odds against early life survival due to increased predation (along with other factors (Figures 1,2,3). 
The following lines of evidence are presented in support of the need to investigate the importance of predation to recruitment failure:
 1) The relative abundance of omnivorous fishes (egg consumers) has increased dramatically due to post-dam river conditions (Paragamian 1994, 2002); 
2) The sturgeon population and therefore the number of eggs produced (population fecundity) has steadily declined since the 1960s given consistent recruitment failure (Paragamian et al. 2005); 
3) Nutrient availability in the post-dam river volume was drastically reduced, reducing the amount of alternative prey (vs. sturgeon eggs). This cultural oligotrophication of the Kootenai River may have also produced a net reduction in individual fecundity as well due to poor nutrition in the post-dam environment (Figure 3); 
4) Water clarity greatly increased (increasing visual predator’s active search field, theoretically increasing predation efficiency); and 
5) All these events have been compressed into about a much smaller area or volume in the post-dam river downstream from Libby Dam. 
Figure 1. Hypothesized natural recruitment failure pathways for the Kootenai River white sturgeon population.  Although post-spawning mortality factors (shaded boxes) operate in natural, unaltered ecosystems, post-development alterations in the Kootenai River may have increased their individual relative contributions to recruitment failure in this population. Effects of individual mortality factors are additive, and collectively kill more eggs and larvae the current population produces resulting in ongoing recruitment failure (i.e. recruitment failure (From Anders et al. 2002).
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Figure 2. Hypothesized recruitment failure route (bold) for Kootenai River white sturgeon. Mortality factors in addition to those presented below could also be contributing to recruitment failure prior to the larval stage (Modified from Anders et al. 2002).
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Figure 3. Time series of Kootenai River phosphorus entering Kootenay Lake. Note the vertical axis scale change between the two plots. The horizontal dashed line in the plot at right indicates the 1949 baseline phosphorus level.

Further empirical evidence of predation on sturgeon embryos (Anders 1994, 1996), and ingestion rates of omnivorous fish consuming sturgeon embryos (Miller and Beckman 1996) suggest that spawning success could be jeopardized to a small or large extent by post-development predation pressure, facilitated by additional post-dam habitat and community changes (Korman and Walters 1999; Anders et al. 2002).  Because recruitment failure during the past several decades consistently occurs prior to the larval stage (no larvae have been collected despite years of sampling with appropriate gear and techniques), predation, along with sedimentation and other possible early life mortality factors in the current spawning areas appear to be at least partly responsible (Figure 2).
The following points support this contention:
1. Consumption of white sturgeon eggs by native omnivorous fishes has been documented in the Kootenai (Anders and Richards 1996; Anders et al. 2002) and Columbia rivers (Miller and Beckman 1996).

2. During 1994 and 1995 combined, 632 stomach content samples from predatory fishes collected from the Kootenai River (northern pikeminnow (formerly northern squawfish), (Ptychocheilus oregonensis), peamouth chub, (Mylocheilus caurinus), and suckers (Catostomus spp.) were analyzed (Anders 1996).  Of 428 naturally spawned white sturgeon eggs collected from the Kootenai River during 1994 and 1995, 12.2% (52) were recovered from stomach content samples of these predatory fishes (Anders and Richards 1996; Anders et al. 2002).  Furthermore, estimation of egg consumption by collecting fish and checking gut contents is expected to be extremely conservative and likely under representative of actual consumption rates at the levels of predator populations. Alternatively, expanding empirical consumption rates from a subset of individuals in a predator population to the full population may suggest that the predator population is theoretically capable of consuming the entire prey species’ annual production, yet the prey species still exists. Thus, given the inherent variability of predation and predation monitoring, exact quantification of predation cannot be expected.  However, to ignore it as an early life mortality factor in an altered environment in which the relative abundance of omnivorous fishes has greatly increased despite an overall reduction in post-development fish biomass (Paragamian 1994, 2002) overlooks a potentially significant cause of recruitment failure in current spawning areas.
3. Miller and Beckman (1996) reported the occurrence of 1 to 70 white sturgeon eggs in guts of four omnivorous fish species in the Columbia River (northern pikeminnow, largescale sucker Catostomus macrocheilus, prickly sculpin Cottus asper, and common carp, Cyprinus carpio).  If similar consumption rates occur frequently enough in the Kootenai River, predation could be having a considerable negative effect on recruitment failure in a population with annually declining population fecundity (Paragamian et al. 2005).

The background is well written and provides a comprehensive summary of the status of efforts to understand the factors limiting reproduction and/or recruitment of white sturgeon in the Kootenai River. The background includes the sponsor’s justification for simultaneous adaptive management approaches as recommended by an interagency workshop. - No response requested.

Sponsors identify that the project is consistent with the Kootenai Subbasin plan, Council's Fish and Wildlife Program, and various other regional plans. The proposal provides a good narrative on specific plans and programs with table of specific recovery plan items. A good and very helpful table links most of the projects. - No response requested.
ISRP Comment 5: There is thorough presentation of the relationship of this project to others in the subbasin and in nearby subbasins (Lake Roosevelt). Tables 2 and 3 are particularly helpful. ISRP However, this work seems poorly integrated into the themes of the other Kootenai River work. Is stocking hatchery fish the key, or is wild recovery the key? Or both? 
Project Sponsor Response 5: Project sponsors believe that this project is in fact well integrated into the themes of the other Kootenai River work (Figure 4). We regret if our proposal contributed to this perception by the ISRP.

The conservation hatchery program and restoration of natural recruitment are both essential. However, the two approaches exist on nested but different time scales. The hatchery is needed as an interim measure to enable the possibility of subsequent recovery through natural production. Accordingly, the conservation hatchery program (stocking fish) is designed and implemented as an interim measure. “Interim” here is defined as up to one sturgeon generation (< 30 years), or the time need to repopulate an adequate broodstock population in the river to overcome possible stock limitation to natural recruitment.  Specifically, the hatchery program is implemented to: 1) protect the remnant population from extinction; 2) protect and preserve the population’s assumed locally adapted genes and gene complexes, and associates phenotypes, behaviors and life history expressions; 3) rebuild demographic vigor and maintain/rebuild genetic vigor; and 4) provide a more healthy age class structure until these attributes can be maintained through natural production via habitat and demographic restoration. The conservation aquaculture program would not be necessary if natural recruitment existed or if repeated adequate natural production is restored.  Thus, the hatchery program is designed for use only UNTIL adequate natural recruitment is restored. Currently and in the long-run, natural production and self-sustainable population recovery are the keys to restoring and maintaining a viable wild Kootenai River sturgeon population.  Project proponents stress the lack of hatchery-wild fish issues common to salmon recovery programs because the Kootenai Conservation Aquaculture Program has no captive broodstock component, there is comparatively minimal selection, and all broodstock are wild, having had no effects from previous aquaculture. The KTOI program simply produces fry and juveniles from wild parents spawned under a roof.  

Finally, management of the Kootenai River sturgeon population is affected by its endangered status under the ESA.  Under the ESA a listed population cannot be down-listed or de-listed without “natural reproduction in its natural habitat”.  Consistent with project goals to restore an ecosystem capable of sustainable natural production of native sturgeon, the need to restore natural production is essential to improving the population’s status (demographically and politically under ESA) and ultimately getting it off the ESA list in a favorable way.  We recognize that the best (and only) way to successfully do this is by improving habitat and population conditions, through implementation of both approaches (hatchery and habitat). 


[image: image2]
Figure 4. Diagram indicating integration of this project into the 5 year implementation plan of Kootenai River restoration and research activities. Activities of this project (BPA 200200200) are integrated with sturgeon and ecosystem recovery as shown in the boxes outlined in bold.
ISRP Comment 6:  A successful hatchery program will buy 15-50 years, given the long lifetime of white sturgeon. How does this reconcile with the expressed urgency of this work? 
Project Sponsor Response 6:  It will take at least half of that 50 year period (~ one generation) to restore demographics of the spawning population following the past 30 years of recruitment failure.  Luckily, the Kootenai Conservation Aquaculture Program began producing fish in the early 1990s. The Program took a very conservation approach to release numbers until the recent demographic analysis demonstrated a need for increased production for future broodstock needs.  That said, the justification for the urgency of this project work is twofold:

1) The remnant wild population (adults with no hatchery production influence) is currently as large as it will ever be in the near future.  Therefore, fast-tracking habitat restoration and management actions designed to jump-start natural recruitment currently have their best chance of success right now. The chances of success, due to a declining (8%/year) wild population, are also declining at the same rate.  Once the population declines below the point of stock limitation (which it could be currently experiencing) up to several decades will be required until a demographically restored broodstock population inhabits the river again, based on the long generation time or late age to first maturity for females. A future condition characterized by improved habitat and an inadequate number of broodstock to spawn naturally is unacceptable to project sponsors. This project is designed to avoid that future condition.
2) Up to several decades may be required to design, implement, and evaluate habitat improvement at the large scale required to reestablish a viable naturally reproducing population. Therefore, the amount of time required to design, review, develop, get approval for, implement, and evaluate habitat improvements to confirm their success has to be adequate and synchronized with the population rebuilding timeframe. Above all, project sponsors must ensure that if natural recruitment failure remains unresolved, despite the best efforts of all involved, habitat improvements have been completed or are significantly underway for the hatchery produced next generation of spawners to: 1) spawn successfully, and 2) not be stock-limited. As such, program sponsors do not recommend delaying these efforts. A future condition characterized by  a large non-limiting broodstock population but inadequate spawning and rearing habitat conditions is unacceptable to project sponsors. This project is also designed to avoid that future condition.
The whole idea here is that this population may currently or in the future be stock- and habitat-limited. The main way to resolve or test for stock limitation is to have or produce a large broodstock population that spawns naturally. However, if the population is co-limited, the large broodstock population will continue to experience recruitment failure, not because of too few broodstock but due to habitat limitation. By habitat we refer not just to physical habitat features, but to all biological and ecological aspects, such as predation, competition etc…This scenario could currently exist with the Kootenai population as well, or could exist in the future.  
Therefore, the urgency expressed by project sponsors appear justified on the above grounds, not to mention the additional political urgency imparted by the population’s endangered status under the ESA.
Project sponsor responses to ISRP Comments 5 and 8 also address some aspects of ISRP Comment 6. See these responses 5 and 8 for supplemental details.
ISRP Comment 7: A succinct summary of the project history is provided, including reports, papers, and presentations. What is lacking is a succinct summary of the conclusions of the work and the management implications. 
Project Sponsor Response 7: As background for the ISRP, this project underwent a considerable enlargement in scope from its initial design in previously funded years. Prior to the project FY07-09 proposal, this project included only physical habitat characterization and modeling to better document and understand physical and hydraulic features of the Kootenai River as they relate to sturgeon reproductive behavior, migration, and spawning, embryo, incubation and recruitment success. Therefore, succinct conclusions from this project at this time can only come from past and ongoing physical hydrology, habitat sampling, and model development activities. 
The USGS has published a number of reports on the white sturgeon’s physical habitat in the Kootenai River.  Based in this work, a brief summary of project conclusions and management implications is provided below as requested by the ISRP:
Fisheries biologist have speculated that Kootenai River white sturgeon select spawning sites by cueing on the upstream location, or more specifically on unique hydraulic attributes associated with the transition zone between backwater from Kootenay Lake and the free flowing Kootenai River. This speculation suggested that prior to Libby Dam, higher Kootenay Lake levels resulted in greater backwater extent and river stage and these conditions encouraged the sturgeon to spawn further upstream in the braided reach where the river’s substrate is better for egg incubation, and where these hydraulic attributes are thought to have historically existed.  The USGS constructed and calibrated a 1-D hydraulic model of the Kootenai River in Idaho (Berenbrock 2005) to specifically address the issue. This model has been used to predict the location of the transition zone between backwater and the free flowing Kootenai River. 
Results of USGS analyses revealed no relation between sturgeon spawning site selection and the location of the transition zone between backwater and the free-flowing river for 1994-2002, a period when the annual egg mat sampling network was somewhat consistent. Some have interpreted results to show that sturgeon generally spawn on the descending limb of the hydrograph. However,  they always spawn in a reach that is several times longer than the transition zone between backwater and the free flowing Kootenai River. The caveat in this analysis is that stream flow and stage during 1994-2002 did not approach pre-dam conditions.  Thus, there could be a threshold in stream flow or stage whereby sturgeon are more inclined to migrate upstream into the braided reach and spawn. 

The sturgeon recovery team is focused on enhancing spawning conditions of the white sturgeon in the Kootenai River. Currently, the extension of white sturgeon critical habitat into the upstream braided reach is under consideration because the substrate in this reach consists mainly of gravel and cobbles, which is far more suitable for egg incubation as compared to the sand substrate in the meander reach (Kock 2004; Kock et al. 2006). Recently, the team’s biologists needed the USGS to evaluate the physical habitat in the braided reach as it responds to changes in stream flow and in water-surface elevations in Kootenay Lake. The 1-D hydraulic model was used to evaluate the braided reach. Evaluation focused on river stage, depth and velocity (Berenbrock 2006). A more detailed analysis was recently conducted using the multidimensional model that is being extended upstream to include the braided reach (Barton et al. in press). This work showed that: 1) the meander reach has low to moderate velocity which limits egg dispersal to a small area and raises concern over the potential for egg predation, however the reach has excellent depth; and 2) the braided reach has higher velocities which may reduce predation efficiency. This work also provides valuable descriptions of conditions in the short straight reach between the meander and braided reaches.

White sturgeon seldom spawn in the straight reach and avoid the adjacent braided reach. The reasons for avoidance are unknown, but could include light aversion. Both reaches are significantly shallower and have more suitable substrate for egg incubation than the meandering reach. Perhaps during the pre-Libby Dam era when the river was more turbid and deeper the sturgeon spawned frequently in the shallow straight and braided reaches. Large reduction in suspended–sediment concentration after the closure of Libby Dam caused an increase in water clarity during the spawning season. Perrin and others (2003) cited water clarity as a possible factor affecting white sturgeon spawning behavior, but this has not been previously examined on the Kootenai River. If white sturgeon are generally photophobic light attenuation may be an important factor affecting spawning location and depth. Suspended-sediment concentration is one of the controlling factors on the amount of ultraviolet radiation penetrating the water column and Zagarese and Williamson (2001) have shown that the range of potential effects include DNA damage resulting in egg and larval mortality. These photophobic and ultraviolet radiation issues might explain why the white sturgeon avoid spawning in the shallow braided reach and seldom spawn in the straight reach.
An alternative hypothesis suggests that post-dam changes in the river and its habitat have moved hydraulic conditions associated with spawning downstream from the braided reach into the upper meander reach.  Under this scenario, fish are not so much avoiding the upstream braided and meander reaches, but are finding cues downstream from where they used to be and using them for spawning.  The meander reach is now channelized between levees and although the post-dam river has considerably less volume, the artificial constriction by levees may produce suitable cues in the current spawning areas (upper meander reach), which now occur over unsuitable (sand and fine) substrate.
Concerned with enhancing spawning substrate to promote successful embryo incubation and increasing velocity to reduce egg predation, a multidimensional model was developed, calibrated, and verified for the meander and braided reaches. This model is currently being updated with LiDAR data for the river banks and dikes. Preliminary USGS sediment transport analysis with this model suggests that at higher streamflow of sufficient duration, parts of the river bed within the meandering reach may be scoured sufficiently to expose small buried lenses of gravel and cobble within the existing spawning reach. The KTOI and USGS proposed to verify the model’s predictions on erosion and deposition by using the USGS measured river bed elevation at more than 40 cross-sections before, during, and after the 2006 Kootenai River flood (Work Element 5, Task 5.1.c). The relevant management implication here is that by adding gravel-cobble substrate where the sturgeon currently spawn, coupled  with a flushing flow prior to the spawning season to remove any sand that was deposited on the gravel-cobble substrate during low flow, are designed to increase the chances for recruitment from current spawning areas. 
This model is also being used to study physical conditions such as depth, velocity, stream-flow vectors, and shear stress where sturgeon currently do and don’t spawn. Why Kootenai River white sturgeon do not spawn in the braided and canyon reaches similar to habitat use of conspecific populations remains an open question.  Based on our analyses we identified that a velocity contrast exists between the relatively high velocity braided reach and the low velocity meandering reach.  At the highest discharges associated with pre-dam peak flows the difference between the existing post-dam managed flow regime and the natural pre-dam flow regime may have encouraged the white sturgeon to migrate further upstream and spawn over suitable substrate.  Unfortunately, there is no historical evidence to show whether or not white sturgeon ever spawned within the meandering reach.  However, there is evidence that white sturgeon occupied areas within the braided reach, therefore spawning may have occurred here.  Of particular curiosity is the name of the “sturgeon hole” at the base of Kootenai Falls in Montana. 
The USGS multidimensional hydraulic model results and IDFG spawning location data show sturgeon appear to seek the highest velocity and depth regions within the meandering reach to spawn as indicated by spatial correlation analysis (Figures 5 and 6).  However, it should be noted that the spatial scale of analysis is much greater for the physical aspects of the river than for our collective understanding of specific spawning locations. The location of these regions remains relatively constant at all flows although the region with highest velocity changes depending on the discharge.  In the post-dam period most of the channel substrate in the spawning reach is composed of sand and despite the current levels of spawning, the sandy substrate is thought to represent a significant mortality factor contributing to recruitment failure (USFWS 1994, 1999; Duke t al. 1999; Anders et al. 2002; Parsley et al. 2002; Coutant 2004; Kock 2004; Kock et al. 2006). 

Paragamian and others, (2001) noted that the Kootenai River white sturgeon use a longer reach of river to spawn than white sturgeon elsewhere.  Perhaps this is an adaptation to Kootenai River where the natural variability in flow magnitude and duration from one year to another was at times sufficient to scour the bed and expose coarse substrate and depending on the downstream transport of coarse material from the locations upstream and local inputs of coarse material from tributaries, the location of suitable substrate varied from one year to another.  However, human development within the Kootenai River basin has degraded these habitats.  Although historically these areas may have been marginally suitable for spawning and egg incubation, they no longer are capable of providing all the requirements leading to successful hatching and production of enough free-swimming embryos to sustain the population. This problem is likely exacerbated by declining population fecundity.
Many biologists believe that some or many of the altered dynamics in the Kootenai River have contributed to the lack of sustainable white sturgeon recruitment. Habitat suitability curves developed for white sturgeon in the Lower Columbia River (Parsley and Beckman, 1994) were used to characterize conditions in the Kootenai River spawning habitat. However, habitat use and availability for Kootenai River white sturgeon spawning habitat varies greatly  from that in the Lower Columbia. Both rivers are highly regulated systems. Substrate suitability for egg incubation is poor to moderate in both the braided and straight reach and generally poor in the meander reach with moderate suitability in a few small areas such as RKM 233.9 to 234.6 near Myrtle Creek. Based on these HSI curves, model simulations indicated that depth suitability ranges from poor to excellent in the straight reach and is generally excellent in the meandering reach, and that average-velocity suitability is generally moderate in the straight reach and poor in the meander reach. Overall habitat 
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Figure 5. Estimated current velocity suitability by river reach for spawning Kootenai River white sturgeon (modified from Barton et al. 2006).
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Figure 6. Estimated depth suitability by river reach for spawning Kootenai River white sturgeon (modified from Barton et al. 2006).

suitability is better in the straight reach rather than the meander reach due to coarser substrate and higher velocities. 

Thus, based on the above information the USGS portions of this project are central to linking the physical environment to issues and mechanisms of restored natural recruitment at appropriate temporal and spatial scales.  This linkage is one of the main focuses of this project, and they could not be successfully addressed without the technical expertise of the collaborating USGS scientists and engineers. 
ISRP Comment 8: The primary objectives are determining the requirements for natural recruitment and restoring natural recruitment. These are fine, but contrast with the conservation aquaculture program. 
Project Sponsor Response 8: As mentioned in the first paragraph of Project Sponsor Response 5, the conservation aquaculture program is designed and operated as an interim stop-gap measure to: 1) protect the remnant population from extinction; 2) protect and preserve the population’s assumed locally adapted genes and gene complexes, and associates phenotypes and behaviors; 3) rebuild demographic vigor and maintain/rebuild genetic vigor; and 4) provide a more healthy age class structure until these attributes can be maintained through adequate natural production. 
None of this work would be necessary if meaningful natural production occurred.  Project sponsors aim to restore the river environment to the degree necessary to make the use of conservation aquaculture for white sturgeon unnecessary. Thus, the hatchery is designed for use only UNTIL adequate natural recruitment is restored. 
Management of the Kootenai River sturgeon population is driven by its endangered status under the ESA, by which a listed population cannot be down-listed or de-listed without “natural reproduction in its natural habitat”.  Thus, consistent with project proponent desires to restore an ecosystem capable of sustainable natural production of native sturgeon, the need to restore natural production is essential to improving the population’s status under ESA, and ultimately getting it off the ESA list. This rationale and the need to address and rectify factors limiting natural recruitment required the use of the conservation aquaculture program in the short term and ultimate resolution of limiting factors in the longer term, beginning immediately (this project). The conservation aquaculture program enables future success of this project, which needs adequate broodstock in the wild to benefit from improved habitat conditions. Thus, the hatchery program provides the essential prerequisites (a demographically and genetically viable population) for long-term subsequent natural production and recruitment in a rehabilitated ecosystem. This is the theory that has been incorporated into the project design.
ISRP Comment 9: Reviewers were not convinced that the rationale for the objectives on spawning substrate are valid but agree that they should be tested. 
Project Sponsor Response 9: Without additional information from the ISRP regarding ISRP Comment 9, it is a bit unclear which specific aspects of the proposal the ISRP is referring to, and if a response is requested here.  Nonetheless, this is the project sponsor’s opportunity to respond. Substrate work is featured in Work elements 1-4, and these work elements were classified by the ISRP as high priority in this review. ISRP Comment 9 appears a bit awkward to us in that the reviewers are not convinced by the rationale for the objectives on spawning substrate, but support their being tested, and suggest that they are valid without explaining that support. Project sponsors need more feedback on this ISRP comment to prepare a meaningful response.
See the following Project Sponsor response 10 for additional information regarding this ISRP comment.

ISRP Comment 10: Continued reference to “spawning substrate” seems inappropriate for a water column spawner that disperses eggs for adhesion to solid surfaces that are encountered. Sturgeon likely do not seek substrates for spawning the way salmon do, although substrate is highly important for egg attachment and free embryos (larvae). 
Project Sponsor Response 10: Perhaps more a matter of semantics than a critical issue to respond to, project proponents are acutely aware of: 1) limitations of embryo incubation habitats for sturgeon in altered large rivers, including the Kootenai River, 2) auto-correlation of hydraulic regimes and underlying substrate conditions, and 3) the importance of adequate amounts of suitable interstitial space required for successful incubation and hatch, two key prerequisites for natural recruitment (Anders et al. 2002; Parsley et al. 2002; Coutant 2004; Kock 2004; Kock et al. 2006).  As such, project proponents are not erroneously preoccupied with “spawning substrate” in the salmon substrate/spawning success context as described in the above ISRP comment. 
To further clarify, “spawning substrate” was emphasized in the proposal because project proponents understand the critical need for sturgeon to spawn naturally over (or close enough to) suitable substrate conditions to prevent mortality from anoxia (suffocation), lethal or sub-lethal gas exchange limitation, and predation. We could have also used the words “incubation habitat”, which in some cases could be very similar or close to actual spawning events, depending on the extent egg and embryo dispersal. 

However, the main point here, in terms of linking habitat requirements to recruitment failure is that collectively, mortality mechanisms operating prior to the larval stage appear to be responsible for recruitment failure because no larvae have been collected over many years of sampling with appropriate larval nets (Figure 2). Mortality factors in addition to those presented in Figures 1 and 2 could also be contributing to recruitment failure.
The strategy and methods are generally adequate. For several of their work elements (i.e. #2) they have a good subsection "Expected outputs and how they will be measured". There were questions about other tasks. (No response requested).
ISRP Comment 11: Task 9.2.c on page 49 should probably be 10.2.c, as this work should be implemented based on suitable completion of preliminary investigations. 
Project Sponsor Response 11:  We agree. It appears as though the reference to Task 9.2.c  at the beginning of the third paragraph on page 49 of the proposal is a typographical error that should have read Task 10.2.c.
ISRP Comment 12 WE12: --construct an artificial habitat channel--does not seem to be justified by either the technical background or the project history. The proposal could have better explained that where white sturgeon recruitment is successful in its range, there are multiple side channels for spawning and early life stages (e.g., lower Columbia River, Fraser River). They were once present on the Kootenai but have been lost to diking and channelization. 
Project Sponsor Response 12 (WE 12):  It appears that the ISRP interpreted this component of the proposal differently that we expected. The purpose of the proposed spawning and early life channel is not to mitigate for tens of thousands of acres of lost large river-floodplain habitat. Rather, the proposed channel serves as an experimental learning tool to understand specific habitat requirements and the ecology of limiting factors of early life stages of Kootenai River sturgeon in the river.  The purpose of this section in the proposal on the artificial channel(s) was not to explain that “where white sturgeon recruitment is successful in its range, there are multiple side channels for spawning and early life stages (e.g., lower Columbia River, Fraser River)”. This was done very diligently and commendably by Chuck Coutant in his 2004 paper that presented the riparian habitat hypothesis (Coutant 2004). 
Alternatively, the proposed experimental habitat channel(s) was included in the proposal to address the current lack of understanding of early life stage habitat requirements of sturgeon. This lack of understanding currently leaves restoration biologists with no specific targets for substrate restoration planning in the river at the larger (river) scale. The proposed habitat channel(s) are analogous to mesocosms previously used in the Kootenai River and in Canada to assess and evaluate river-scale fertilization experiments prior to heavy and expensive time and monetary investments.  In both examples (channels and mesocosms) the approach and functions are similar – they both serve as an intermediate scale learning exercise to assess feasibility of proposed larger scale restoration in the absence of empirical target data or conditions at the river scale, and in the absence of alternative cost-effects ways of gathering such information.  
The proposed channel(s) could at a minimum:
1) Provide an invaluable and currently lacking experimental site needed to link needed but currently unknown habitat requirements to spawning fish, incubating embryos, and developing larvae.  Engineered channels, and more suitably several engineered channels (enabling instantaneous experimental replication) provide valuable opportunities of generating data on these issues that are not enlightened by river-scale studies. This limitation is blatantly manifested by the years of river-scale studies on the Kootenai and the relative infancy of understanding of habitat restoration specifics needed to restore natural recruitment of sturgeon there (and elsewhere). Uncertainties in these areas are not being reduced from years of in-river studies because the needed information to do so is generally not attainable from river scale experiments that are not controllable (experimentally). For example, this project will be adding substrate for spawning and incubation in the Kootenai River. However, no empirical data on criteria of particle size, amount and nature of interstitial space, aspects of substrate, and degrees of embededness etcetera currently exist.  However, this information could be provided by replicated experiments using controllable channels that allow replication and rigorous evaluation of the myriad of early life stage habitat requirement uncertainties, not only for the Kootenai River, but for the benefit of sturgeons everywhere.
2) Characterize habitat conditions associated with successful spawning, incubation, hatch, early rearing and predation, temperature, and turbidity, with rigorous replicated studies to address these critical uncertainties of early life biology, ecology and habitat requirements unattainable at the river scale.

3) Provide experimental rearing conditions the better approximate the natural environment.  In addition to experimental opportunities, the channel approach could also provide a more natural rearing environment, could serve to imprint fish, and provide insight into improved protocols for future sturgeon conservation aquaculture programs, which no doubt will be in demand. Hatchery reform in the salmon world has been vigorously involved with the concept that rearing fish in a more natural environment reduces domestication and elicits more natural behaviors thought to increase post-release survival (i.e. rearing in a natural or wild environment produces natural or wild fish).  Shouldn’t the same logic and arguments hold true for sturgeon?
Hopefully this response to ISRP Comment 12 regarding the proposed habitat channel or channels helps the ISRP better understand its inclusion in this project proposal. Experimental channel systems could provide much potential benefit by serving as facilities for valuable research in the emerging field of ecohydraulics. Such systems could provide information to reduce critical uncertainties that are central to natural recruitment failure in many sturgeon populations. Experimental channels can also provide much needed information concerning the empirical linkage between altered habitat and hydraulic conditions in large rivers and animal behavior, in this case for spawning sturgeon and their subsequent early life stages.  We hope the ISRP reconsiders the potential benefits and applications of this emerging research opportunity in the context of this project proposal, and the advancement of restoration ecology for sturgeon recruitment.
ISRP Comment 13 (WE13): The basis for executing work element 13--effects of predation on recruitment failure--is not convincing. 
Project Sponsor Response 13 (WE 13):  Please refer to Project Sponsor response to WE 13 on pages 6 and 7. 
ISRP Comment 14 (WE14)--larval behavior/dispersal experiments is not sufficiently explained to make an evaluation.
Project Sponsor Response 14 (WE 14):  We agree with this ISRP Comment that little background information and justification for Work Element 14 was presented in the proposal. Although they constitute investigations of interesting early life history studies, experiments proposed in Work Element 14 may be somewhat premature until larvae are naturally produced in the Kootenai River.  Furthermore, Boyd Kynard’s research group at the Conte Anadromous Lab on the East Coast has recently been involved in similar experiments to address behavior and distribution of Kootenai River white sturgeon larvae from the provided by the Kootenai Hatchery program. However, should larval production be restored in the Kootenai River, then the use of habitat preference and dispersal data from lab studies and computer flow models to identify dispersal of larvae is recommended. 
Alternatively, project sponsors consider Method 14.2 critical to better understand recruitment failure prior to the larval stage in current spawning areas. USGS models incorporating empirical and hydraulic features along with egg and embryo collection and dispersal data are central to this task, and have provided considerable insight.
For most work elements there are identified metrics to evaluate the experiments. The sponsors have demonstrated excellent facilities, equipment, and personnel. There are excellent communication plans and the project sponsors have a record of producing annual reports, peer-reviewed publications, and presentations. - No response requested.
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