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List all related projects previously funded or reviewed by RCO:
	Project # 
	Status
	Status of Prior Phase Deliverables and Relationship to Current Proposal?

	#12-1928
	Completed
	The Hood Canal bridge fish passage impact assessment was identified as a critical data gap in the recovery planning effort


If previous project was not funded, describe how the current proposal differs from the original. (N/A)
 Project Location
The project location is the Hood Canal Bridge and surrounding marine waters. The Hood Canal Bridge is a 2.4 km long floating bridge crossing the northern outlet of Hood Canal. It is supported by wide pontoons that extend 3.6 m (12ft) underwater, forming a fish migration/passage and water circulation barrier in the nearshore and marine environment. Project activities will occur in the nearshore and marine waters surrounding the bridge. Most of the work will occur within a 1 km radius; however, activities may extend up to 20 km to assess the abundance and type of predators near versus farther way from the bridge.  As a potential bottleneck for survival of all salmonid stocks in Hood Canal, determining bridge impacts may benefit all restoration projects (freshwater and nearshore) in Hood Canal funded by SRFB and others if overall survival increases as a result of this work.  
Brief Project Summary
Recent studies indicate slower migration times and higher mortality of outmigrating steelhead smolts at the Hood Canal Bridge relative to other areas of Puget Sound. Initial results suggest predation of steelhead is exacerbated by the bridge. However, as a fish passage barrier, we must determine where along the bridge mortality is greatest and functionally how the bridge leads to increased predation (e.g., pontoons and changes to circulation influencing migration behavior, bridge components predator roosts/hideouts, light and noise affecting fish and/or predator behavior). The proposed assessment will isolate the mortality mechanisms and use this information to develop the proper management actions to address the mortality. Although project activities are focused on juvenile steelhead at the bridge, overwater infrastructures are known to exacerbate predation of all salmon, and project outcomes will benefit salmon and steelhead populations throughout the Hood Canal watershed.
Problems Statement
A. Describe the problem including the source and scale. 
Puget Sound steelhead, Puget Sound Chinook and Hood Canal summer chum are listed as threatened under the Endangered Species Act (ESA), and millions of dollars have been spent to restore and protect these populations and their habitat. However, until the survival bottleneck at the Hood Canal Bridge is addressed, the full benefits of these valuable habitat restoration efforts may not be realized. 
Puget Sound steelhead populations have declined to less than 10% of historic run sizes over the past three decades and many wild populations now face possible extinction (F. Registry Notice: 72 FR 26722). Juvenile steelhead mortality in the Puget Sound marine environment is a major cause of the observed population declines, and recent evidence suggests that the Hood Canal Bridge may be a significant contributor. 40% of all wild steelhead migrating out of their natal rivers die in between north Hood Canal and Admiralty Inlet, an area that includes the Hood Canal Bridge. And, recent studies by NOAA indicate the bridge is a barrier to steelhead fish passage—with slower migration times and higher mortality, suggesting the bridge is impeding migration and increasing predation (Moore et al. 2010, 2013). However, the mechanisms by which the bridge affects mortality are poorly understood. 
Determining the exact locations and causes of bridge mortality may benefit all Hood Canal salmon species. All juvenile salmon must pass Hood Canal Bridge while outmigrating, and overwater structures are known to exacerbate predation for many salmon species (Yurk & Trites 2000, Williams et al. 2003, Celedonia et al. 2009, Blair et al. 2010). While other salmon of concern may be affected (in particular ESA-listed Chinook), continued focus on steelhead appears to be the best approach. A body of work has already been established on steelhead impacts at the bridge, providing guidance on next steps. And, specific tools (i.e. acoustic telemetry) that are good at tracking migration behavior and pinpointing sources of instantaneous mortality have been proven viable for use with juvenile steelhead.
Recent acoustic tagging studies performed by NOAA indicate juvenile steelhead migration is significantly slower through the migration segment encompassing the Hood Canal Bridge, and rates of mortality events are much greater in proximity to the bridge relative to other areas of Puget Sound (Moore et al. 2013). Because juvenile steelhead travel near the water surface during outmigration (Beeman & Maule 2006), the bridge presents a physical obstruction to migration. Migration delays caused by the bridge are thought to increase the density of smolts near the bridge, channel migrating smolts through more densely concentrated routes, and facilitate elevated predation rates at these locations. 
Steelhead migration and predator behavior may also be affected by light and noise levels and water circulation. Light and noise levels are increased at the bridge relative to surrounding waters. The bridge is lit and well-traveled with approximately 16,000 vehicle trips per day. Increased noise levels may disorient fish, while increased light levels may enable visual predators to target prey more effectively (Popper & Carlson 1998, Myrberg Jr 1990, Yurk & Trites 2000). Recent work by Khangaonkar & Wang 2013 suggests the Hood Canal Bridge, in the path of the outflow surface layer, affects circulation and estuarine exchange processes. Impacts near the bridge may include creation of eddies in the bridge pontoon wakes during tidal flows, increased vertical mixing, and altered temperature profiles. The bridge may also cause pooling of brackish outflow water, increased settling of algae and detritus, and re-entrainment in the exchange flow from Admiralty Inlet entering Hood Canal along the bottom. These hydrodynamic effects may influence juvenile steelhead outmigration and increase smolt vulnerability to predation. 
Although not part of this work, other efforts are being planned to assess and address Hood Canal Bridge impacts to water circulation (Khangaonkar & Wang 2013) and affiliated “far-field” effects to dissolved oxygen levels and the Hood Canal food web.
B. List the fish resources present at the site and targeted by your project.
	Species
	Life History Present (egg, juvenile, adult)
	Current Population Trend (decline, stable, rising)
	Endangered Species Act Coverage (Y/N)

	O. mykiss (target)
	juvenile (smolt)
	decline
	Y

	O. tshawytscha (present)
	juvenile (smolt)
	decline
	Y

	O. kisutch (present)
	juvenile (smolt)
	decline
	N (species of concern)

	O. keta (present)
	juvenile (smolt)
	rising
	Summer-run Y, fall-run N

	O. gorbuscha (present)
	juvenile (smolt)
	
	N


C. Describe the limiting factors, and limiting life stages (by fish species) that your project expects to address.
This project will target instantaneous mortality of outmigrating juvenile steelhead (smolt life stage) at the Hood Canal Bridge and adjacent marine waters, assumed to be predation based upon the evidence collected to date. However, per the problem statement above, the benefits of this work extend to all Hood Canal juvenile salmon that must migrate past the bridge on their way to the ocean. 
Project Goals and Objectives
D. What are your project’s goals? 
The goals of this project are twofold: 
1. Identify the root causes of juvenile steelhead mortality at the Hood Canal Bridge, a fish passage barrier.
2. Develop restoration actions that address bridge/fish passage impacts to steelhead (and potentially other salmon) (e.g., infrastructure modifications, light and noise abatement, or predator management). This will be done in a cost effective manner that also does not adversely impact the bridge as a major transportation vector, critical to the Hood Canal and Kistap and Olympic Peninsula economies.
E. What are your project’s objectives? 
1) By October 31, 20182017, complete the project’s assessment phase to define specifically how the Hood Canal Bridge leads to steelhead mortality.
a. By December 2016, finish planning, obtain project permits and establish a high-density acoustic array around the bridge. Also, do gear testing and prepare to deploy other instruments to evaluate water circulation, light, and noise effects. 
b. From April to May 2017, successfully tag wild steelhead, track fine-scale steelhead migration behavior and identify precise mortality locations.
c. From April to July 2017, evaluate the species, abundance, locations, distribution and foraging behavior of predators in the vicinity of the bridge.
d. From April to July 2017, assess water circulation, light and noise effects [part of assessment but beyond scope of request].
e. By October 2017, identify routes of higher versus lower steelhead smolt survival through the bridge.  Then, synthesize steelhead behavior and mortality data with predator, water circulation, light and noise data. Determine how predation and the various ways the bridge may be exacerbating predation work together to isolate the pathways/mechanisms of mortality. 
2) By December March 31, 20172018, report on assessment results. Also, work with Hood Canal Recovery partners and the Washington State Department of Transportation (WSDOT) and Navy to identify actions and adaptive management strategies to address bridge/fish passage impacts. Specific actions will depend on the results from Objective 1, but may include:
a. Minor infrastructure modifications to facilitate fish passage, deter predator loitering, and/or address light and noise impacts
b. Light and noise abatement during the outmigration season
c. Predator management (e.g., acoustic deterrence, relocation)
3) [beyond scope of project] By the end of 2019, Hood Canal recovery partners, working with WSDOT and the Navy, will execute actions at the Hood Canal Bridge to increase survival of salmonids leaving Hood Canal. This will likely include adaptive management strategies that test specific actions to identify the most feasible and cost-effective way to maximize survival.
F. What are the assumptions and constraints that could impact whether you achieve your objectives? 
We don’t expect any functional constraints to executing the project itself. We have a broad collaboration already established via the ongoing project planning phase. Bridge Assessment Team and Steering/Policy Committee Partners include Long Live the Kings (LLTK), NOAA Fisheries, Washington Department of Fish and Wildlife (WDFW), the Hood Canal Coordinating Council (HCCC), Pacific Northwest National Laboratory (PNNL), Port Gamble S’Klallam Tribe (PGST), Skokomish Tribe, University of Washington (UW), and the WSDOT.  We are initiating discussions with the Navy, who are a necessary interface due to their bridge bypass needs. Weather may result in delays or schedule changes, but shouldn’t affect the overall outcome of this project given the ample time within the sampling period to make sure planned sampling events occur. 
We still need to secure the money required to initiate the water circulation, noise and light components of the proposed project. However, assessing and addressing Hood Canal Bridge Impacts is both a high priority in Hood Canal salmon recovery planning efforts (Lestelle 2015), and recognized as a critical Near-term Action in the Puget Sound Action Agenda. And, if granted, SRFB funding will serve as a catalyst to acquiring the other funds needed. Targeted sources include direct appropriations from Washington State and the EPA National Estuary Program. We have received support of the concept from key legislators, and the Washington State Department of Transportation is participating in meetings with the Bridge Assessment Team during the development of the Assessment, increasing our confidence that the match funding needed will come to fruition. 
If the additional funds are not raised, the proposed project can still be scaled and activities phased to achieve the proposed outcomes.  For example, since the Bridge impact on circulation and potential it’s noise and light impacts are relatively fixed (unlike the dynamic natural of biological data that must be collected simultaneously), these data could be collected in subsequent years and then modeled (circulation calibrated using river flow, temperature and coarse tidal/circulation data that is constantly collected in Puget Sound, and noise calibrated using existing traffic data) to replicate the year of the proposed study.  
Project Details
G. Provide a narrative description of your proposed project. 
The Hood Canal Bridge Impacts Assessment will determine how the Hood Canal Bridge contributes to juvenile steelhead mortality and identify actions (e.g., infrastructure modifications, predator management, light and noise abatement) to address bridge impacts.  Per the objectives, we will determine the impacts of the bridge on outmigrating steelhead by: 1) precisely tracking steelhead behavior and mortality, 2) evaluating predator species, abundance, distribution, locations and foraging behavior, 3) collecting physical data to evaluate the circulation, light, and noise effects, 4) synthesizing the data, and 5) identifying actions and adaptive management strategies to address bridge impacts. 
Tracking steelhead behavior and mortality
Acoustic tagging and tracking will be used to describe fine-scale migration patterns of steelhead as they encounter the Hood Canal Bridge and to identify migration paths associated with survival. Previous telemetry projects have indicated that steelhead smolts die at the Hood Canal Bridge. However, those initial efforts lacked the precision needed to isolate morality along the span of the bridge area, nor did they have the predation, circulation, noise and light overlays needed to establish the mechanistic pathways of mortality. For this project, an intensive three-dimensional acoustic telemetry array consisting of at least 24 Vemco VR2 receivers will allow researchers to triangulate tagged juvenile steelhead positions and map migration paths with a high degree of precision (figure provided as attachment). A line of receivers will be deployed on the seafloor on either side of the bridge, spaced about 200 m apart, and will cover the entire channel from the east to the west shore. Stationary transmitters will be deployed in several known locations to calibrate the system. An additional line of acoustic receivers will be deployed near the outlet of Hood Canal at Twin Spits (TS) so that migration paths of smolts which survived past the bridge can be compared to migration paths of smolts which were not detected past the bridge and presumed dead. This project will also utilize two existing receiver lines at Admiralty Inlet (ADM) and the Strait of Juan de Fuca (JDF). These high-resolution data will feed a powerful analysis of how migration path characteristics (location, time, depth) at the bridge affect survival odds. 
The high-density receiver array at the bridge will yield high-resolution tagged fish positions (within 5 to 20 m precision; c.f. Roy et al. 2014), which will be analyzed to create individual fish paths through the monitored area (approximately 300 m out from either side of the bridge). Detection at TS, ADM or JDF receivers would identify a tagged steelhead as a ‘survivor’ through the bridge. Continuous detection for a long time period on one or more receivers would indicate a ‘mortality’ (i.e., stationary tag).  Migratory paths of survivors will be compared to paths of mortalities and presumed mortalities (tags not detected at TS, ADM or JDF) to identify migratory pathways resulting in mortality and survival. 
Vemco V8 acoustic transmitters (69 kHz, 7 mm diameter, 20.5 mm length, 2.2 g) will be surgically implanted in 150[footnoteRef:1] wild steelhead smolts from the Big Beef Creek weir as outlined in Moore et al. (2010). An additional 50 smolts will be implanted with larger V9 depth sensor acoustic transmitters (69 kHz, 9 mm diameter, 21 mm length, 2.9 g) to assess the preferred depth of steelhead smolts at the bridge, and to inform fish position calculations. Finally, an additional 50 smolts will be implanted with V8 transmitters that don’t ping for 7 days, while the fish are bypassing the bridge. This will be done to test whether predators at the bridge use the acoustic signals to locate and capture tagged steelhead smolts. Similar rates of survival for delayed and continuous groups would indicate no effect of the acoustic signal on mortality from predation. A similar analysis carried out in 2015 showed no increase in steelhead smolt mortality associated with what is known as the dinner bell effect (Berejikian and Moore, unpublished data). [1:  June 23, 2015 update: Based upon Review Panel comments, the investigators determined that, to adequately compare the migratory behavior of surviving and non-surviving smolts, an addition 50 tagged smolts are needed (total n = 200. 150 standard tags + 50 tags w/ depth sensor).  To explain, in 2010, after the new bridge section was completed, 91 smolts were tagged and released, 13 were classified as either possible or probably mortalities at the Hood Canal Bridge and 8 were classified as known survivors.  With the addition of a receiver line just past the bridge (part of the current design), the number of survivors would likely increase, because the survivor category would not be reduced by mortality in Admiralty Inlet. Based on the 2010 data, increasing the number of tagged fish to 200 would predict that the sample sizes would increase to 29 mortalities and 30 survivors (expanded because of the additional receiver line).  These sample sizes will provide sufficient ability to determine differences in migratory pathways exhibited by smolts with different fates (dead at the bridge vs surviving).  It would allow for a reasonably robust analysis of factors contributing to bridge-related mortality including: arrival location and time of day, migratory path (around vs under), bridge open or closed, etc. ] 

General linear models with binomial variance will be used to determine the effect of location, time, and depth at certain points during a bridge encounter on the odds of survival. Behavioral parameters for each transmitter (e.g., first detection location, most frequented location, location of passage, depth before and after passage) will be compared between survivors, mortalities, and tags with unknown fate to identify successful and unsuccessful migration patterns.  Predation events will be determined via close examination of abrupt changes in tag trajectories, travel times exceeding the capacity of swimming steelhead, or other significant departures from typical steelhead behavior (Melnychuck et al. 2013).

Predator (bird and marine mammal) overlay
Simultaneous to the steelhead tracking, predator species (bird and marine mammal), abundance, locations, distribution and foraging behavior will be assessed in the vicinity of the bridge. Two approaches will be implemented. At-sea surveys will be performed to identify predators and their locations and assess the change in abundance with distance from the Hood Canal Bridge - both to the North and to the South. This will allow us to determine if any potential steelhead predator (see Pearson et al. 2015, Table 1) is more abundant closer to than farther from the bridge during the steelhead smolt outmigration window, 1 April – 30 May.  If predation is responsible for the apparently high mortality near the bridge, then we might expect the responsible predator(s) to be more abundant near the bridge.  Survey methods will follow Raphael et al. (2007).  Weekly surveys, timed with the release of the tagged steelhead, will consist of 20 km long transects that zig-zag between the east and west shores of Hood Canal starting at the bridge figure provided as attachment). They will be conducted from a 24-foot Almar boat with twin-outboard engines. Survey speed will be 8-12 knots, and survey effort will be ended if glare obstructs the view of the observers, or if Beaufort wind scale is 3 or greater for more than 25% of a transect.  Beaufort 3 is described as a gentle breeze, 7-10 knot winds, creating large wavelets, crests beginning to break, and scattered whitecaps. 
Bridge-based predator surveys will also be conducted from the bridge.  Day-long surveys will occur twice a week, timed with the release of the tagged steelhead throughout the migration window.  These surveys will consist of continuous counts in prescribed time intervals interspersed with focal animal observations to assess foraging behavior (Altman 1979). This work will allow us to determine the composition, abundance and behaviors of potential steelhead smolt predators (seals, porpoise or seabirds) foraging adjacent to the Hood Canal Bridge and will complement the boat-based abundance surveys.  Similar to the boat-based surveys, survey effort will be ended if glare obstructs the view of the observers, or if Beaufort wind scale is 3 or greater for greater than 25% of the day.  This work will provide the detailed information needed to assess potential smolt predation at the bridge.  The research will be coordinated with enhanced smolt outmigration monitoring efforts proposed by NOAA and the Port Gamble Tribe.  
Circulation, light & noise overlay [beyond scope of this request but part of assessment]
Physical circulation data at the bridge will be collected during steelhead outmigration and integrated with existing monitoring data to develop a high-resolution computational fluid dynamics (CFD) model to assess non-hydrostatic effects of the bridge pontoon structures on Hood Canal hydrodynamics and water density. Current measurements will be collected with Acoustic Doppler Current Profilers (ADCPs) over a two week period directly below and upstream and downstream of the bridge. This will be done with three stationary deployments and transects using a mobile device. CTD casts will be performed simultaneously. These results will identify the zone of influence around the bridge that affects currents, salinity, temperature, algal biomass, and dissolved oxygen, and will characterize the water characteristics of successful migration paths for juvenile steelhead.
Anthropogenic pressure & sound energy and light measurements will be collected at up to seven stations within the immediate vicinity of the Hood Canal Bridge during the juvenile steelhead outmigration period.  Data will be integrated with fish tracking data to determine whether bridge noise and light affect smolt migration paths and survival. This will be a coarse evaluation of light and noise. If the initial evaluation suggest further review, subsequent work increase the power of analysis.
Data Synthesis
The steelhead acoustic tracking data will result in a fine resolution depiction of migration pathways: illustrating which lead to mortality and which to survival of outmigrating steelhead. Anomalous tag behavior and dropped tags may also provide locations of mortality events. Predator data will establish locations, distribution and foraging patterns potential predator culprits. These data will be modeled and analyzed in space and time for co-occurrences that suggest interactions between predators and steelhead.  If available, noise, light and circulation data will also be overlayed to determine whether the migration pathways, concentrations of mortality, and/or predator foraging behavior or distribution are affected by these forces.
Management Action Development
LLTK will facilitate two or more meetings of the Bridge Assessment Team and Steering Committee to review assessment results and develop a preliminary list of management actions and affiliated adaptive management approaches. These draft actions, along with the results of the assessment, will constitute the final product of this phase of the Hood Canal Bridge work. Full development and subsequent implementation of the adaptive management strategy will occur outside the scope of this proposal.
H. Provide a scope of work.
This project is interdisciplinary and highly collaborative, involving scientists and managers from multiple entities. The scientists currently collaborate on a Bridge Assessment Team, facilitated by LLTK, during the assessment planning phase, and managers participate in an affiliated Steering/Policy Committee. 
Component 1. Project management and reporting (Michael Schmidt and Iris Kemp, LLTK):  LLTK will facilitate collaborator meetings, helping obtain necessary permits, purchase equipment, develop and implement the communications strategy, manage finances and subcontracts, provide backup field support, and compile the assessment results and management recommendations into a final report. 
Component 2. Steelhead tagging and tracking (Lead Investigators: Megan Moore and Barry Berejikian – NOAA. Support:  Joe Anderson and Big Beef smolt trappers – WDFW, Iris Kemp– LLTK, Vemco staff):  Finalize acoustic array and deploy receivers, tag steelhead smolts, retrieve and analyze data, report results. 
Component 3. Predator overlay (Lead Investigators: Scott Pearson and Steve Jeffries – WDFW. Support: WDFW marine bird and mammal staff, Hans Daubenberger - PGST):  Perform surveys, data analysis, and affiliated reporting.
Component 4. Water circulation, noise and light overlay [beyond scope of this request but part of assessment] (Lead Investigators: Tarang Khangaonkar and Daniel Deng - PNNL, Hans Daubenberger – PGST). Collaborators: Taiping Wang, Wen Long, Marshall Richmond, Cindy Rakowski, Gary Johnson, Ki Won Jung, Marty Ingraham – PNNL, and RPS Evans-Hamilton). RPS Evans-Hamilton will deploy water circulation equipment and provide data to PNNL. PNNL will analyze and model circulation data and report results. PGST will help deploy acoustic and light monitoring devices, and collect and report data.
Component 5.  Synthesis (Moore, Berejikian, Pearson, Jeffries, Khangaonkar, and Daubenberger) Synthesize and assess steelhead behavior and mortality data with predator, circulation, light and noise data and report on results.
Component 6.  Action Development (Schmidt, Kemp, Moore, Berejikian, Pearson, Jeffries, Khangaonkar, and Daubenberger. Also managers/policy leads from WSDOT, HCCC, counties, WDFW, NOAA, PGST, Skokomish Tribe, and Point-No-Point Treaty Tribes) Review results and draft management actions and adaptive management strategies.
Deliverables . The proposed project will result in a final report detailing the assessment results and the suite of draft management actions and affiliated adaptive management strategies to reduce the adverse impacts of the bridge on outmigrating Hood Canal steelhead, and potentially other salmon given we know overwater structures can exacerbate predation of all salmon species.  Slideshows and other communications materials will also be developed and presented to the local community, the Hood Canal Coordinating Council, relevant county commissioners, legislators, and state agency representatives, the Salmon Recovery Council, the Puget Sound Partnership, and relevant management agencies. 
Timeline
	
	2016
	2017
	18

	Project Activity
	Qtr 1
	Qtr 2
	Qtr 3
	Qtr 4
	Qtr 1
	Qtr 2
	Qtr 3
	Qtr 4
	Qtr 1

	Project Management and Coordination
	
	
	
	
	
	
	
	
	

	Finalize acoustic receiver array design
	
	
	
	
	
	
	
	
	

	Purchase receivers, tags, and tagging supplies
	 
	
	
	
	
	
	
	
	

	Deploy receiver arrays
	 
	
	
	
	
	
	
	
	

	Calibrate and test receiver arrays
	
	 
	
	
	
	
	
	
	

	Tag and release steelhead smolts
	
	 
	
	
	
	
	
	
	

	Conduct predator surveys (bridge and boat-based)
	
	 
	
	
	
	
	
	
	

	Deploy current profilers. Conduct current surveys and CTD casts
	
	
	
	
	
	
	
	
	

	Measure noise and light intensity
	
	
	
	
	
	
	
	
	

	Synthesize and analyze data
	
	
	
	
	
	
	
	
	

	Report results
	
	
	
	
	
	
	
	
	

	Develop suite of actions/adaptive mgmt. strategies
	
	
	
	
	 
	 
	 
	 
	


I. Explain how you determined your cost estimates. 
Project management costs were based on LLTK’s experience managing similar collaborative efforts. Costs for field data collection, data analysis, and reporting, and supplies and equipment were developed with the help of the proposed contractors who have experience performing the work proposed.  Match amounts are based upon information provided by the proposed contractors and members of the Bridge Assessment Team working on affiliated components. 
J. How have lessons learned from completed projects or monitoring studies informed your project? 
This project was guided heavily by lessons learned from completed research on Hood Canal steelhead outmigrants. Acoustic telemetry transmitters and receivers have been used to track juvenile steelhead behavior throughout Hood Canal and the greater Puget Sound from 2006-2010 (Moore et al. in review). These data revealed high rates of mortality associated with the migration segment containing the Hood Canal Bridge, as well as migration delays and mortality at the bridge (Moore et al. 2013), and provided strong impetus for a bridge-focused assessment. The proposed project builds upon prior acoustic telemetry results by specifically addressing juvenile steelhead migration behavior at the bridge, adding capability to track individual migration paths, and integrating fish data with predator, water quality, noise and light data.
A recent literature review of potential steelhead predators in Puget Sound indicated that harbor seals, cormorants, harbor porpoises, and common murres are predators most capable of contributing to the observed steelhead mortality patterns (Pearson et al. 2015). The proposed project utilizes this to help focus on the appropriate predators during the steelhead outmigration period in Hood Canal and determining the extent to which they contribute to steelhead mortality. Khangaonkar and Wang (2013) suggested that, based on preliminary analyses, the Hood Canal Bridge affects circulation and estuarine exchange processes in Hood Canal. The proposed project tests this hypothesis, focusing specifically on bridge and near-bridge hydrodynamic effects. In addition, data from this project will contribute to existing broad-scale modeling efforts within the Hood Canal watershed and across the full Salish Sea. 
If your project includes an assessment or inventory 
K. Describe any previous or ongoing assessment or inventory work in your project’s geographic area and how this project will build upon, rather than duplicate, the completed work.
This project builds upon results as described above. Project activities were developed based on successful project configurations used in past studies; however, this effort is unique in its capabilities. The ability to track fine-scale migration behaviors of juvenile steelhead passing the Hood Canal Bridge has not existed in previous studies, nor have steelhead migration behaviors through Hood Canal ever been explicitly associated with predator observations or the ways the bridge may be manipulating the environment (circulation, light, noise). Predator observations have been previously conducted in Hood Canal, but they have never been focused on the Bridge or performed concurrently with a tagging study. Observing predators and juvenile steelhead simultaneously allows this project to characterize the predator aggregation that steelhead must navigate through and associate specific predators with steelhead mortality. Other water quality monitoring and research projects are ongoing within Hood Canal, but these projects do not focus on the Hood Canal Bridge and do not address how bridge effects on water characteristics influence steelhead migration and mortality.   
If your project includes developing a design (NOT APPLICABLE)
If your project includes a fish passage or screening design (NOT APPLICABLE)
Will you apply for permits as part of this project’s scope? (Yes, see PRISM for list)
Context within the Local Recovery Plan.
L. Discuss how this project fits within your regional recovery plan and/or local lead entity’s strategy to restore or protect salmonid habitat 
The Hood Canal Bridge Impacts Assessment satisfies a high priority information gap necessary for recovery as identified in the recent Hood Canal Coordinating Council prioritization process (Lastelle 2015). The recently completed guidance for prioritization methodically reviewed each stock in Hood Canal to develop a relative ranking; following that, issues were analyzed by type, with those pertaining to the need for an assessment as one of the four types.  A value of importance was assigned to the issues and the related potential actions.  The Hood Canal Floating Bridge is one of the highest ranked “assessments for improved recovery planning” receiving a 4 of 4 score in the prioritization process (Figure 4. p. vii Lastelle 2015). The stated relevance to salmonids “if the Hood Canal bridge is adversely affecting the performance of salmonid populations produced in Hood Canal, recovery efforts might be hindered. 
If high mortality rates in the marine environment of Hood Canal are not investigated and addressed, benefits from existing salmonid habitat restoration and population recovery efforts may not be fully realized. This project targets Hood Canal steelhead, which are listed as threatened under the Endangered Species Act. However, management actions developed through this assessment to improve survival rates should benefit all salmonid species in the Hood Canal watershed.
The issue of the Hood Canal Bridge as a serious bottleneck for steelhead and salmon recovery and potentially ecosystem-wide impacts via circulation disruption is an emerging topic.  It was not originally incorporated in to recovery plans or chapters. However, the bridge assessment was identified in recent planning efforts including the prioritization mentioned above, as well as the steelhead recovery planning pilot project in Hood Canal and the Puget Sound Chinook monitoring & adaptive management effort, where a results chain (logic model) was developed to explain how mitigating the impacts of the bridge would lead to increased juvenile and thus adult survival of all species in Hood Canal (see attached). . 
M. Explain why it is important to do this project now instead of later. 
Wild steelhead populations currently face extinction throughout Puget Sound, including Hood Canal. Mortality occurring in the marine environment is a major cause of survival declines. Recent evidence suggests that for Hood Canal populations, the Hood Canal Bridge may be a significant contributor towards mortality. If bridge impacts on survival are not assessed and management strategies to mitigate impacts are not developed now, Hood Canal steelhead and other salmon populations are at high risk for further decline. Furthermore, the Bridge Assessment Team has been established and is currently in its planning phase. Funding for the Assessment will take advantage of the collaboration at the point where it is primed for implementing the Assessment Plan.  
N. If your project is a part of a larger overall project or strategy, describe the goal of the overall strategy, explain individual sequencing steps, and which of these steps is included in this application for funding.
The proposed project is part of the forthcoming Hood Canal Bridge Impacts Assessment Plan. The complete Assessment Plan will evaluate both the “near-field” effects of the bridge—how the bridge impedes fish migration and increasing predation of juvenile outmigrants (and potentially returning adults, and “far-field” effects— how the bridge impacts water circulation, dissolved oxygen levels and the Hood Canal food web. The proposal was scaled to fund the primary components of the near-field assessment: steelhead tracking and predation overlay. Per section 4c, above, we are targeting funds to incorporate the water circulation, noise and light effects simultaneously with the proposed work. If additional funds are not raised, the proposed project can still be scaled and activities phased to achieve the proposed outcomes. We will also be targeting specific funding sources for implementing the “far-field” effects portion of the broader Assessment Plan.     
Project Proponents and Partners. 
O. Describe your experience managing this type of project. 
LLTK has experience overseeing large-scale collaborative efforts, including the Salish Sea Marine Survival Project (2012-Present), Puget Sound and Coastal Washington Hatchery Reform (2000-2005), the US Fish and Wildlife Service Hatchery Review (2005-2010), and the Hood Canal Steelhead Project (2007-Present). Our experience includes project management, facilitation, collaborative science writing, communications and outreach, all of which will be utilized for this effort.
P. List all landowner names. 
This project will occur on state lands currently utilized for transportation. WSDOT is engaged in the planning effort, and will remain involved throughout the project’s timeline.
Q. List project partners and their roles and contributions to the project. 
Michael Schmidt, LLTK, Project Coordinator 
Barry Berejikian, NOAA Northwest Fisheries Science Center, Principal Investigator – Telemetry
Scott Pearson, WDFW, Principal Investigator – Predator surveys
Tarang Khangaonkar, PNNL, Principal Investigator – Circulation effects [beyond scope of request]
Hans Daubenberger, PGST, Investigator – Noise and light effects [beyond scope of request]
R. Stakeholder Outreach. 
There is no perceived opposition or barriers to completion besides funding. Most of the relevant stakeholders are already involved in the Bridge Assessment Planning process: all support moving forward. Formal talks with U.S. Navy have not yet occurred; however, they have been notified of our plans. We will make sure to meet with them by mid-summer 2015with the U.S. Navy have begun. Lynn Wall, the Naval Base Kitsap Community Planning Liaison Officer is acting as the interface between the Bridge Assessment Team and the Navy. Lynn and many stakeholders in the Hood Canal region received an overview of the proposed draft Assessment. She has already stated that she sees no real conflicts with the Navy, and we will continue to work with her and local Navy staff throughout final development, permitting, and implementation to ensure we addressing any concerns/needs the Navy has.   

Comments
Response to Site Visit Comments
1. The proposed project would add information to understand an important survival bottleneck for outmigrating steelhead. It is important that the study design is adequate to sufficiently answer the study topics to be researched. The sponsor is encouraged to evaluate the proposed number of tagged fish to ensure it is sufficient to provide the number of data points needed to properly interpret the results.
[bookmark: _GoBack][Change reflected and discussed in project narrative (section 5(a)) and footnote on p. 5 of the proposal, and the proposed budget was increased by $18,250 to pay for the additional tags] The reviewer brings up an excellent point.  The minimum sample size to compare the migratory behavior of surviving and non-surviving smolts would likely require an addition 50 tagged smolts (total n = 200).  To explain, in 2010, after the new bridge section was completed, 91 smolts were tagged and released, 13 were classified as either possible or probably mortalities at the Hood Canal Bridge and 8 were classified as known survivors.  With the addition of a receiver line just past the bridge (part of the current design), the number of survivors would likely increase, because the survivor category would not be reduced by mortality in Admiralty Inlet. Based on the 2010 data, increasing the number of tagged fish to 200 would predict that the sample sizes would increase to 29 mortalities and 30 survivors (expanded because of the additional receiver line).  These sample sizes will provide sufficient ability to determine differences in migratory pathways exhibited by smolts with different fates (dead at the bridge vs surviving).  It would allow for a reasonably robust analysis of factors contributing to bridge-related mortality including: arrival location and time of day, migratory path (around vs under),  bridge open or closed, etc.  We thank the reviewer for suggesting we re-assess the sample size question, and think that a modest increase in the number of tags would ensure sufficient resolution to achieve the study objectives.
2. For the study objectives identified in the proposal, will the proposed two year timeframe be sufficient or does the sponsor anticipate needing to extend the study to additional years?
3. We agree with the reviewer’s recommendation to extend the timeframe to include
We agree that the timeframe initially proposed was tight for the proposed work. The timeframe was extended for 3 months to allow for appropriate time to do reporting and development of adaptive management strategies. Also, the broader Assessment plan, that this is part of, does include at least one additional year of field data collection to increase confidence in the results. However, we are confident that, even if funding does not come through for that additional year of work, the timeframe proposed via this proposal will produce a good picture of the impact of the Bridge. Furthermore, we have an additional 4 previous years of acoustic telemetry data to roughly get a handle on variability in outmigrant steelhead survival past the bridge (and what impact that may have on the findings). that the 

4. The water circulation, water quality (DO), noise, and light efforts are not part of this application, but are important factors to have information on in order to evaluate potential contributing factors to steelhead delay and mortality at the bridge. Please clarify the likelihood of funding those elements and how the project would proceed without the information
See edits to Section 4(c), p.4.
5. Describe WSDOT’s participation to date and their awareness and participation in the study. What are WSDOT’s plans for replacing the western portion of the bridge and how timely is the proposed study for that replacement? 

Conservation and operations staff from the Washington State Department of Transportation have been participating in meetings with the Bridge Assessment Team during the development of the Assessment Plan. They have been engaged and open to participation in the implementation of the work. Meetings that have included higher-level managers have been and also continue to occur. 

WDOT stated that the western portion of the Bridge has a lifespan of up to 75 years. It was replaced in 1982 after the original Bridge sunk. Therefore, west half replacement may not occur for another 35-40 years. However, given the impact of the Bridge on ESA-listed species, we don’t envision management waiting until replacement occurs. A variety of outcomes could occur, depending upon the findings. Recommendations could range from infrastructure modifications (e.g. change float positioning or add a trestle over the center of the bridge to enable circulation and fish passage), minor modifications (e.g., changing lighting, noise dampening), and/or mitigation actions that are implemented until infrastructure modifications can occur (e.g., predator management). Also, even infrastructure modifications may not need to wait until Bridge replacement if they aren’t ones requiring an entire redesign.

6. Describe the communication plan for keeping the U.S. Navy informed of the project and its results.
[See edits to section 11(d), p. 11] Formal talks with the U.S. Navy have begun. The Naval Base Kitsap Community Planning Liaison Officer is acting as the interface between the Bridge Assessment Team and the Navy. The Officer and many stakeholders in the Hood Canal region received an overview of the proposed draft Assessment. She has already stated that she sees no real conflicts with the Navy, and we will continue to work with her and local Navy staff throughout final development, permitting, and implementation to ensure we addressing any concerns/needs the Navy has.   

Response to Post-Application Comments
Please describe how you’ve responded to the review panel’s post-application comments. We recommend that you list each of the review panel’s comments and questions and identify how you have responded. You also may use this space to respond directly to their comments.
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