FY 2007-2009 F&W Program Project Solicitation
Revised Proposal (7/14/06)

Section 10. Narrative

Project ID:
200500100
Title (new): 
Ecology of Yearling and Subyearling Salmonids in Shallow Tidal Freshwater Habitats in the Vicinity of the Sandy River Delta in the Lower Columbia River
A. Abstract 
This study will 1) provide basic data on the migration characteristics and ecology of yearling and subyearling salmonids in tidal freshwater habitats in the vicinity of the Sandy River delta in the lower Columbia River
; and 2) assess feasibility to apply acoustic telemetry technology for action effectiveness research
 and quantify residence times and migration pathways in shallow, tidal freshwater habitats.  The Sandy River delta and vicinity was chosen as the study area because it is in the tidal freshwater area of interest (RM 110-146), there is a major habitat restoration project ongoing there with potential for significant restoration of shallow water habitat for juvenile salmonids, the area was mandated in the Action Agencies’ Implementation Plan for the Updated Proposed Action, and it is likely to be included in the forthcoming 2007 Biological Opinion because of relatively high mortality rates below Bonneville Dam.  Research on juvenile salmonid ecology in tidal freshwater is also called for in the Northwest Power and Conservation Council’s Lower Columbia Subbasin Plan and draft Research Plan.  We propose to use a shallow (0-2 m) beach seine and a mid-depth (2-5 m) trawl beach seines to sample fish within the four most common shallow tidal freshwater habitats: river confluence floodplain, shallows, floodplain, and mainstem island.  This is not a pilot study for an estuary-wide research, monitoring, and evaluation program.  The study will perform status and trends monitoring for yearling and subyearling salmonids and develop protocols for action effectiveness research.  We will substantively coordinate and integrate our results with other relevant studies in the LCRE.  

B. Technical and/or scientific background

Shallow water habitats (0-5 m) in the tidal freshwater portion of the lower Columbia River and estuary (Figure 1) are important to varying degrees the growth and survival of both general life histories, stream-type (yearling) and ocean-type (subyearling) salmon (Fresh et al. 2005).  However, scientific knowledge specifically addressing this hypothesis is sparse and current monitoring efforts are fragmented (Johnson et al. 2004).  This situation, although not prioritized explicitly, is pointed out in both the Mainstem Lower Columbia River and Columbia River Estuary Subbasin Plan (LCREP and LCFRB 2004), which includes ocean-type fall Chinook (Oncorhynchus tshawytscha) and chum (O. keta) salmon among its focal species, and the Implementation Plan for the Updated Proposed Action (USACE et al. 2005), which includes specific reference to endangered Snake River fall Chinook salmon in the LCRE.  Currently, the Action Agencies (BPA and the Corps of Engineers) are collaborating with the states, tribes, and National Marine Fisheries Service in negotiations over the next Biological Opinion on hydrosystem operations.  The parties have identified gaps between current and predicted population status of listed species; the biggest gaps are for Upper Columbia River spring Chinook (O. tshawytscha) and summer steelhead (O. mykiss).  The Independent Scientific Review panel (ISRP) and the Independent Scientific Advisory Board (ISAB) also have advocated RME in the tidal freshwater area of the Columbia River (ISRP 2004; Bisson et al. 2000).  As the ISRP stated in their review of FY07-09 proposals, “The Council should encourage innovative ecosystem-based research and monitoring in the estuary…”  
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Figure 1. Map of the Lower Columbia River and Estuary (Bonneville Dam RM 146 to the mouth RM 0).  The tidal freshwater region extends from RM 146 to RM 35.
The massive loss of shallow water habitats through diking, filling, dredging and development is suggested as one important reason contributing to the decline of salmonids in the system (Fresh et al. 2005).  Based upon minimal sampling in the system, it is suggested that restoration of shallow water habitat will result in enhanced fitness of juvenile salmonids, and increased survival (Fresh et al. 2005).  There is extremely limited data in the upstream reaches of the LCRE on salmon use of these systems that could contribute to an understanding of how restoration actions might result in enhanced populations.  Our study is focused on supplying fundamental data on this topic to aid both in general understanding of how juvenile salmonids use LCRE tidal freshwater and to improve restoration prioritization.  Restoration is expensive and results can be uncertain in terms of functional performance and overall benefits to resources and the ecosystem.  Our study will contribute directly to reducing uncertainty about yearling and subyearling salmonid usage of tidal freshwater habitats and the beneficial attributes of said habitats, thereby improving the likelihood of success for ecologically-based restoration projects targeted to benefit salmon.

Background

The subyearling migrant, or ocean-type, life history pattern (after Healey 1991) is characterized by downstream migration within the first days or months after emergence from natal stream gravels and subsequent residence in riverine and estuarine shallow water habitats.  Subyearling salmon have been found in shallow water or nearshore habitats of the Fraser River estuary (Levy and Northcote 1982) and the Nanaimo estuary (Healey 1978) in British Columbia, the nearshore waters of Puget Sound (Brennan et al. 2004; Beamer et al. 2005), the Sacramento-San Joaquin estuary (Kjelson et al. 1982), and the Sixes and Coquille estuary (Reimers et al. 1979), the Salmon River estuary (Bottom et al. 2005a), and Yaquina Bay (Meyers and Horton 1982) on the Oregon coast.  Although specific fish/habitat linkages are not always evident (Simenstad and Cordell 2000), it is reasonable to assume that salmon with ocean-type life history patterns depend on shallow water, tidal habitats for rearing and refuge (Fresh et al. 2005). 
The yearling, or stream-type, life history pattern is characterized by downstream migration after a year spent rearing the fish’s natal stream system.  Yearling fish typically migrate downriver faster than subyearling fish (Dawley et al. 1986).  Yearling fish, however, may spend time to feed in shallow water habitats out of the strong current in the main channel in the LCRE.  Thus, it is not prudent in light of the current Biological Opinion negotiations to assume the LCRE is just a migration corridor for yearling salmonids.  Our study is intended to address this uncertainty.
Basic habitat requirements of juvenile salmonids include provision of food, shelter, space, and suitable environmental conditions (Chapman 1966, Bjornn and Reiser 1991).  Habitat characteristics of greatest importance to juvenile salmonids are water temperature, depth, velocity, and cover (Healey 1980; Fausch 1993; Quinn 2005).  Like all organisms, juvenile salmonids must maximize energy intake while minimizing energy expenditure, and must balance gains from feeding in profitable habitats with risk of predation (Fausch 1984; Harvey 1991).  The specifics of this balance change with body size and therefore energetic demands, ability to detect and avoid predators, and the nature of suitable environmental conditions.  Juvenile salmonids undergo an ontogenetic habitat shift into deeper, faster water (e.g. Healey 1980, Werner 1984) that occurs at specific size thresholds rather than gradually (Simenstad et al. 1980).  Although documentation of habitat use by subyearling and yearling upriver fall Chinook salmon in the tidal freshwater portion of the lower Columbia River is limited (Fresh et al. 2005), studies of habitat use in other estuaries and in freshwater are generally applicable.  One can assume that juvenile salmonids in the lower Columbia River have the same basic habitat requirements and will respond similarly to the habitats they encounter.  Juvenile fall Chinook salmon generally prefer faster water and smaller substrates, and are less associated with cover and slackwater habitats such as ponds and sloughs, than other salmonids (Chapman and Bjornn 1969; Taylor 1988; Murphy et al. 1989).  Bottom et al. (1984 from Fresh et al. 2005) found that yearling Chinook salmon in intertidal habitats of the Columbia River spent little time in shallow habitats and more time in deeper channel habitats than did subyearlings.  Because fall Chinook salmon display a wide range of life history strategies (Healey 1991) and juvenile arrival in the estuary occurs potentially year-round and includes both yearlings and sub-yearlings (Connor et al. 2005), patterns of habitat use in the freshwater tidal estuary are certain to be complex, and much remains unknown.  Juvenile growth and survival in estuarine habitats is of critical importance to population growth and stability and therefore recovery of the species (Fresh et al. 2005).  Availability of diverse shallow-water habitats, especially very shallow peripheral habitats, may be a limiting factor to the production and diversity of salmonids such as upriver fall Chinook salmon (Fresh et al. 2005; Quinn 2005).  Hovever, extensive tidal freshwater reaches such as in the Columbia River, however, are rare in rivers, thus little information exists on the ecology of these ecosystems.  For example, of 26 estuarine systems evaluated in Europe, only seven had sizeable tidal freshwater habitats, and of those, none were over 40 km in length (Pihl et al. 2002).  
Downstream of RM 46 in the lower Columbia River and estuary, the migration characteristics of juvenile salmon have been studied extensively.  Researchers used nets, seines, traps, and trawls to examine migration timing, spatial distribution, abundance, relative survival, and feeding habits for various populations of salmon.  Important research efforts included the U.S. Bureau of Fisheries (Rich 1920), the Fish Commission of Oregon in 1963 (Reimers and Loeffel 1967), the National Marine Fisheries Service in 1966-1972 (Craddock et al. 1976; Dawley et al. 1986; Durkin 1982), the Northwest Regional Council and the Bonneville Power Administration in 1977-1983 (Dawley et al. 1986; Kirn et al. 1986; Ledgerwood et al. 1991), the Columbia River Estuary Data Development Program in 1978-1984 (Bottom et al. 1984; McCabe et al. 1983; Small 1990), the Corps of Engineers Anadromous Fish Evaluation Program in 1995-present (Ledgerwood et al. 2003; Roegner et al. 2004; Schreck et al. 2004), and the Northwest Power and Conservation Council’s Fish and Wildlife Program in 2001-present (Bottom et al. 2005b; Fresh et al. 2005; Burke 2004; Weitkamp 1994).  Significant findings from these studies with relevance to the proposed research on yearling and subyearling salmon in the LCRE include:

· Sampling sites included shallow water habitats in marine, estuarine, and freshwater areas mostly from the mouth to Jones Beach (RM 46).  The tidal freshwater reach from RM 46 to Bonneville Dam (RM 146) has been studied little.  

· Life history diversity is less today than it was historically (Bottom et al. 2005b; Burke 2004).

· The abundance of wild salmon in the LCRE is much lower than it was historically; the opposite is true for hatchery salmon (Bottom et al. 2005b).

· Subyearling salmon from watersheds below Bonneville Dam are more abundant in shallow water habitats than subyearlings from upriver (Roegner et al. 2004).

· Peak abundance in shallow water habitats is in April-July for yearling and subyearling Chinook salmon and February-April for subyearling chum salmon (Dawley et al. 1986).

· Subyearling salmon may reside in the estuarine waters for extended periods of time (weeks to months; e.g., see Rich 1920), and smaller individuals using shallow water habitats to feed spend more time in the LCRE than larger fish (Dawley et al. 1986).  Some juvenile salmon over-winter in the LCRE (Dawley et al. 1986).

· Subyearlings sampled in shallow water nearshore are typically smaller than those from mid-river (Dawley et al. 1986; Bottom et al. 1984; McCabe et al. 1986).  Fish at tidal freshwater sites are on average smaller than those at estuarine and marine sites (Roegner et al. 2004).  

· Subyearling fish eat Corophium spp. and terrestrial insects in shallow water habitats (Roegner et al. 2004; Kirn et al. 1986; McCabe et al. 1986).  Average fork length tends to increase from spring to summer (Roegner et al. 2004; Dawley et al. 1986).

· Juvenile salmon migration characteristics in the LCRE are influenced by upriver forces, such as hydropower operations and hatchery practices (Bottom et al. 2005b; Weitkamp 1994).

The Upper Columbia River Basin spring Chinook salmon and summer steelhead were listed as endangered in 1996 and 1999, respectively.  These fish migrate downstream as yearlings through the hydrosystem in mostly April through June (Figure 2a,b) and reach the lower Columbia River and estuary relatively quickly.  Preliminary data from the Estuary Survival Study indicate predation rates of tagged yearling Chinook salmon in the reach between Bonneville Dam and Portland may be relatively high compared to other reaches in the hydrosystem (unpublished acoustic telemetry data, pers. comm., L. McComas, NMFS).  Thus, there is likely more to the ecology of yearling outmigrants in tidal freshwater areas than simply being a migration corridor.
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Figure 2a. Example Data on Passage Timing at McNary Dam, PIT-Tagged Upper Columbia River spring Chinook salmon ESU.  Data from DART (http://www.cqs.washington.edu/ dart/).
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Figure 2b. Example Data on Passage Timing at McNary Dam, PIT-Tagged Upper Columbia River summer steelhead ESU.  Data from DART (http://www.cqs.washington.edu/ dart/).
Snake River fall Chinook salmon were listed as threatened under the Endangered Species Act in 1992.  The Snake River ESU (Evolutionarily Significant Unit) consists of fall Chinook salmon spawning populations in the Snake, Tucannon, Clearwater, Salmon, Imnaha and Grande Ronde rivers.  Subyearling fish, including Snake River fall Chinook juveniles, migrate downstream through the hydrosystem in mostly June through September (Figure 2c).  Snake River fall Chinook salmon were thought to primarily exhibit an ocean-type life history in which adults spawn in the fall, fry emerge the following spring, and juvenile fish emigrate seaward during late spring and summer to enter the ocean as subyearlings (Connor et al. 2002).  However, Connor et al. (2005) recently described an alternative life history for juvenile Snake River fall Chinook salmon which they named “reservoir-type” life history.  Fish that adopt the reservoir life history delay their subyearling ocean entry, spend the winter in fresh water, and resume migration to the ocean the following year to enter the ocean as yearlings.  Freshwater over-wintering areas could include the tidal freshwater portion of the LCRE (Connor et al. 2005).  Fresh et al. (2005, p. xiii) concluded, “…upriver ESUs (e.g., Snake River fall Chinook salmon) will be more dependent on the tidally influenced shallow freshwater habitats between Bonneville Dam (their point of entry to the Columbia River estuarine system) and RM 40.”  Over-wintering and extended residence in estuarine habitats has been documented for fall Chinook salmon from other watersheds (Reimers and Loeffel 1967; Reimers 1968; Reimers 1973).  As such, it would appear likely that a portion of Snake River fall Chinook salmon over-winter in the Columbia River estuary including the tidal freshwater section within our study area.  Thus, our 2007-2009 study is intended to begin a multi-year effort to address the following questions that have management implications for recovery of threatened Upper Columbia River spring Chinook and steelhead and Snake River fall Chinook populations:  
What types of habitats in the tidal freshwater area of the LCRE are yearling and subyearling salmonids using, at what times of the year, and under what environmental conditions?

What is the ecological importance
 of shallow (0-5 m) tidal freshwater habitats to the recovery of Upper Columbia River spring Chinook salmon and steelhead and Snake River fall Chinook salmon?
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Figure 2c. Example Data on Passage Timing at McNary Dam, PIT-Tagged Snake River fall Chinook salmon ESU.  Data from DART (http://www.cqs.washington.edu/ dart/).
Study Area

Tidally influenced freshwater in the Columbia River occurs from Bonneville Dam to approximately Tenasillahe Island (RM 146 to 35).  The tidal freshwater area includes six hydrogeomorphic reaches below Bonneville Dam (Reaches C-H, Figure 3).  It is characterized by a main channel maintained for navigation purposes, mainstem islands, shallows, sloughs, floodplains, and river confluence floodplains (i.e., deltas).  Major tributaries include the Sandy, Washougal, Willamette, Lewis, and Cowlitz rivers.  Sauvie Island and Scappoose Bay are prominent features.  Dikes, levees, and armored shorelines are prevalent because lowland areas were disconnected from the river for purposes of economic and social development, resulting in the loss of shallow water habitats (Thomas 1983; Kukulka and Jay 2003).  This area is described in LCREP (1999).  

The proposed study area is in the tidal freshwater portion of the Columbia River between Portland, Oregon and Bonneville Dam (Figure 3).  This area is in Reaches G and H of the hydrogeomorphic classification system for the LCRE (LCREP 2004a).  During 2007, we plan to focus our sampling efforts in the vicinity of the Sandy River delta (RM 120-130; Figure 3).  The Sandy River delta is located approximately mid-way between Bonneville Dam and the confluence of the Willamette and Columbia Rivers.  This overall study area (RM 110-146) is dominated by the following habitat complexes: mainstem channel, river confluence floodplains, shallows, floodplains, and mainstem islands (preliminary classification scheme, pers. comm., J. Burke, UW).  These habitat complexes are prevalent in the Sandy River delta and vicinity as well (Figure 4).  Depending on results from 2007, we may expand the extent of sampling sites in the study area for work in 2008 and 2009.
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Figure 3.  Map of the Lower Columbia River and Estuary Showing Hydrogeomorphic Reaches (LCREP 2004a).  The tidal freshwater area of the river covers Reaches C through H, inclusive.  Draft image provided courtesy of Jen Burke, University of Washington.  The yellow area depicts the study area.
The UW classification approach (Simenstad et al. 2005) provides the best available information on habitat classification in the tidal freshwater area.  However, the information on habitat classes is still being developed and a formal report is not yet available.  Currently, the UW effort is waiting for the release of the LiDAR data which will provide bathymetry for shallow-water sites.  Bathymetry is a key feature for distinguishing the complex types (channel versus floodplain, e.g.).  The differences between the complex types (river confluence floodplain vs. floodplain) make sense ecologically because, for example, floodplain areas at river confluences (sub-surface exchange, as well as contaminant loads) are likely to be very different where rivers meet than just along the mainstem floodplain.  The classification scheme is not salmonid-specific, but is more intended to be an "ecosystem classification," whereby the possible habitats (i.e., ecosystem types) in the Columbia River estuary are described and given some basis for being broken out as such.  Areas of known salmonid use (shallow-water, e.g.) will be called out in one of the classes, and we believe the classification will be useful in locating those areas at local and landscape scales.
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Figure 4.  Aerial Photograph of Reach G in the vicinity of the Sandy River Delta.  Habitat complexes include River Confluence Floodplain, Shallows, and Mainstem Island.  Draft image provided courtesy of Jen Burke, University of Washington.  The yellow area is the Sandy River delta and vicinity and is shown in detail in Figure 5.
The Sandy River delta has been significantly altered by draining wetlands to create pasture land and damming of the original Sandy River, diverting it to its present-day location. Habitat restoration in the Sandy River delta is part of the Sandy River Delta Plan and EIS (USFS 1996, cited in LCREP and LCFRB 2004).  The Corps and BPA are planning to spend collectively approximately $2,000,000 on habitat restoration at the Sandy River delta.  One of the goals of the Sandy River delta restoration project is to: “Restore 90 acres of native hardwood riparian forest and 20 acres of a seasonally wet slough in the Sandy River delta to complete a 250-acre block of regionally scarce floodplain habitat” (St. Pierre 2004).  Invasive species are being removed, trees are being planted in riparian zones, and tidal slough channel and wetland areas are planned to be rehabilitated through removal of a blockage (“hydrologic blockage” in Figure 5).  At this time there is some question about removal of the blockage for reasons unrelated to ecological restoration.  Fish presence and use of the area is essentially unstudied (St. Pierre 2004).  Restoration work at the Sandy River delta, especially if the old river channel (Figure 6) is reconnected to the Columbia River, should increase foraging and refuge habitat for listed salmonids and, thereby, the fitness of the populations.  Data from the study will be useful to decision-making concerning the potential hydrologic reconnection project; if the project is implemented, data from our study could be applied in action effectiveness research.
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Figure 5.  Aerial photograph of the Sandy River Delta and Vicinity Showing Habitat Complexes and Key Features.  Draft image provided courtesy of Jen Burke, University of Washington.  
The Estuary/Ocean Subgroup for federal RME recommended the Sandy River delta and vicinity because it is in the tidal freshwater area of the LCRE hypothesized by Fresh et al. (2005) to be important to juvenile salmonids, it has shallow water habitats, habitat restoration actions are ongoing there, and it is upstream of the Portland/Vancouver urban area.  Most importantly, as mentioned above, the Sandy River delta study area was mandated in the Implementation Plan for the Updated Proposed Action (UPA) (USACE et al. 2005) in response to the remanded 2004 Biological Opinion on Federal Columbia Power System operations (NOAA 2004) (for more information, see Section C of this proposal regarding rationale and significance to regional programs).  And, currently, tidal freshwater study areas including the Sandy River delta vicinity are being considered in negotiations on the new hydrosystem Biological Opinion.  We considered study areas in other hydrogeomorphic reaches in the tidal freshwater area, but a more suitable area was not evident.  While the study area may be expanded in future studies, the scope of work in 2007 is for sampling in the vicinity of the Sandy River delta (RM 120-130).
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Figure 6. Old Channel of the Sandy River (view is to the east).

C. Rationale and significance to regional programs

The study is germane to the three main Columbia River regional salmon research/restoration programs.  While none of the programs prioritized explicit RME efforts in the tidal freshwater portion of the LCRE, such RME is considered a high priority because the study area is in the migration corridor for juvenile salmon, potentially provides critical feeding, rearing and refuge for salmonids, and has been damaged considerably such that restoration in this region could result in enhanced salmonid fitness and survival.

Northwest Power and Conservation Council’s Fish and Wildlife Program (FWP) and Lower Columbia River and Estuary Subbasin Plans

The Columbia Basin Fish and Wildlife Program (NPCC 2000) calls for consideration of estuarine and ocean conditions in implementation of the FWP.  This policy was supported by the Independent Scientific Advisory Board (Bisson et al. 2000).  Also, the FY02-FY04 provincial solicitation process for the LCRE resulted in several millions of dollars of habitat restoration and monitoring projects in the LCRE.

The Mainstem Lower Columbia River and Columbia River Estuary Subbasin Plan (LCREP and LCFRB 2004), also referred to as the “Separate Bi-State Plan”, contains a “physical objective” to “…Develop an understanding of emigrating salmonid juvenile life history diversity....in the lower mainstem, the Western Oregon tributaries, the estuary and the plume.”  In addition this subbasin plan includes the following working hypotheses (from Table ES1-2) that are relevant to our proposed study:
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In November 2004, LCREP released the Supplement to the Mainstem Lower Columbia River and Columbia River Estuary Subbasin Plan (LCREP 2004b).  Also known as the “Management Plan Supplement”, this document (p. 2-1) espoused a supporting strategy to manage uncertainty through research and monitoring; it specifically noted the lack of data for the mainstem lower river, i.e., tidal freshwater.
In December 2004, LCFRB published the Lower Columbia Salmon Recovery and Fish and Wildlife Subbasin Plan (LCFRB 2004).  Strategy E.S5 (p. 6-28) says: “Improve understanding of how salmonids utilize estuary and lower mainstem habitats and develop a scientific basis for estimating species responses to habitat quantity and quality.”  Furthermore, physical objective Sa.PO.7 (p. A-224) states: “Develop an understanding of emigrating juvenile salmonid life history diversity and habitat use in the lower mainstem, estuary, and plume.”
In November 2005, the NPCC released the Draft Columbia River Basin Research Plan (NPCC 2005).  This plan lists key management questions, including the following (p. 44): “What is the ecological importance of the Columbia River estuary [defined to be the reach from Bonneville Dam to the mouth] and oceanic plume to the viability and recovery of salmonid populations in the Columbia Basin?”  And, one of the research priority questions (p. 49 is: “Which estuarine habitat types should have the highest priority for restoration?”
In conclusion, our study will further the goals and objectives of the NPCC’s Fish and Wildlife Program and the LCRE Subbasin Plans by providing basic scientific data on habitat usage by juvenile salmonids in the tidal freshwater reach that managers could use to prioritize habitat restoration projects to implement the LCRE Subbasin Plans and to mitigate for the effects of the federal hydrosystem.  

NOAA Fisheries/Action Agencies’ ESA Consultation on Federal Columbia River Power System Operations

The NOAA Fisheries’ Biological Opinion on Operation of the FCRPS (NOAA 2004) identified lower Columbia River habitats as important to the continued existence of the Snake River fall Chinook salmon evolutionarily significant unit.  They said (NOAA 2004, p.E3-9) “…Snake River fall Chinook salmon likely gain greater [than chum salmon] beneficial use of tidal freshwater habitat in the region between Bonneville Dam and RM 40.”  The Action Agencies’ Implementation Plan for the Updated Proposed Action (USACE et al. 2005) specifically supported the habitat restoration effort currently underway at the Sandy River delta.  UASCE et al. (2005) said, “The Corps and BPA will protect, enhance, and restore shallow water and wetland habitats along and adjacent to the mainstem Columbia River below Bonneville Dam and tidal wetlands.”  Regarding research and monitoring, USACE et al. (2005) stated (p. 54) that the near-term target included “…develop estuary habitat pilot status monitoring and participate in regional coordination activities.”  Near and long-term actions include, “...monitor presence/absence and population identity of juvenile salmonids in the upper reaches of the estuary…” and (p. 55) “…determine the significance of the lower river and estuary…to listed salmonids.”  Furthermore, the Action Agencies specifically stated (Table 24, p. 57) that they would fund a project to “…determine the presence through time of subyearling salmon at the Sandy River delta in the tidal freshwater reach on the Columbia River and to integrate these results with data from other selected estuary monitoring studies.”  A similar decree is under negotiation for yearling salmonids from the Upper Columbia spring Chinook and steelhead populations.
BPA (2005) provide guidance on key management and subordinate questions in a matrix structure for RME.  With respect to the LCRE, the study is applicable to the following questions (p. 9-11): “What are the status/trends in the attributes of the [L]CRE, plume, and ocean ecosystems?”  A subordinate question to the previous management question is: “What are estuary fish population properties, especially with respect to listed salmonids?”  Another management question is: “What are the limiting factors or threats in the estuary preventing the achievement of desired habitat, fish, or wildlife performance objectives…?”  A pertinent subordinate question is: “What is the ecological importance of the Columbia River estuary and oceanic plume to the viability and recovery of salmonid populations in the Columbia Basin?”
In conclusion, the study will further the ESA-related goals and objectives of NOAA Fisheries and the Action Agencies by specifically addressing the mandates listed in the previous paragraphs.

U.S. Army Corps of Engineers’ Research, Restoration, and Channel Improvement Programs in the LCRE

The USACE (Corps) conducts research on fish passage at its eight mainstem dams on the lower Snake and Columbia rivers under the auspices of the Anadromous Fish Evaluation Program (AFEP) and funded through the Columbia River Fish Mitigation Project.  The purpose of this research program is to identify and implement means to improve the survival of juvenile and adult salmonids migrating through the hydrosystem.  This program also covers research in the LCRE under a special provision of a Water Resources Development Act (WRDA).  

Various other WRDAs authorize the Corps to restore aquatic habitats.  Section 1135 of WRDA 1986 and Section 206 of WRDA 1996 provide the authority to modify existing Corps projects and non-Corps projects, respectively, to restore the environment.  Section 536 of WRDA 2000 provides authority for the Corps to carry out ecosystem restoration projects in the LCRE.  Section 306 of WRDA 1990 authorizes a General Investigations Study to develop environmental restoration in the LCRE.

The USACE Portland District is undertaking the Columbia River Channel Improvement Project to deepen the river between Portland and the ocean to pass deep draft cargo vessels.  This project includes research on juvenile salmon stranding (see more details in Section D) related to ship passage in the LCRE and restoration project monitoring.  

The study will further the goals and objectives of the USACE by providing basic scientific data on habitat usage by subyearling salmon in the tidal freshwater reach that USACE managers could use to further justify and prioritize habitat restoration projects related to Water Resource Development Acts and the Channel Improvement Project.

D. Relationships to other projects

Since the original proposal was submitted in January 2006, we have collaborated with other estuary researchers at two important events.  First, at the invitation of NMFS, we attended the workshop on the joint NMFS/UW/OSU/OHSU project on historic and current food web linkages.  Second, we coordinated the Columbia River Estuary Research Conference in Astoria in April 2006.  We completely support substantive integration with applicable projects.  The relationship of our study to relevant projects in the LCRE is described in Table 1.  After the table, we describe some of the more important inter-project relationships for the study.

Table 1.  Interrelationships among BPA- and Corps-funded Projects Germaine to this Study.  Entries in alphabetical order by project title.

	Project Title
	Number
	Funding
	Sponsor
	Description
	Relationship 

	Acoustic Tracking for Estimating Ocean Survival
	BPA 2003-114-00
	BPA
	Kintama
	Acoustic telemetry evaluation of juvenile salmon migration patterns
	We will inform these researchers, who are using a different acoustic telemetry system than we propose.  The two approaches are complementary, designed to answer different questions in different environments.

	Alternative Smolt Transportation Methods
	Corps TPE-W-06-02
	USACE
	PNNL and NOAA Fisheries
	Acoustic telemetry evaluation of barged fish released at different locations in the LCRE 
	We will use tagged fish from this study, if present

	Collaborative Systemwide M&E Program (CSMEP)
	BPA 2003-036-00
	BPA
	CBFWA
	Columbia basin-wide coordination of M&E
	We will inform CSMEP of our efforts

	Crims Is. Monitoring 
	Unk.
	USACE
	USGS
	Action effectiveness monitoring at the Crims Is. restoration project (RM 55)
	We will integrate our results with those from Crims Is.

	Cumulative Ecosystem Effects of Habitat Restoration 
	Corps EST-P-04-04
	USACE
	PNNL and NOAA Fisheries
	Development of innovative ecological methods through focused field studies
	We will inform this study of our telemetry monitoring protocols for action effectiveness research and vice versa

	Current and Historic Biophysical Linkages in the Estuary
	BPA 2003-010-00,

Corps EST-P-02-02
	BPA and USACE
	NOAA Fisheries
	Fundamental research re: juvenile salmon in RM 0-46
	We will integrate our results with these. On July 10, 2006, Mr. Johnson and Dr. Casillas, project leader for the NMFS consortium, specifically agreed to collaborate and exchange data between their respective research efforts.

	Ecosystem Monitoring – Habitat and Water Quality
	BPA 2003-007-00
	BPA
	LCREP
	Status monitoring at selected sites in the LCRE (e.g., habitat mon. at RM 70 and 95 in 2005, but no fish sampling except for purpose of a toxics objective  
	We will coordinate and integrate our study with this one; we will share some sampling sites so that habitat characteristics will be measured 

	Estuary/Ocean RME Subgroup
	BPA 2002-077-00
	BPA
	PNNL
	Facilitate the Estuary/Ocean Subgroup for federal RME and help develop the Estuary RME Plan
	We will provide monitoring data to help design sampling for the Estuary RME Plan and we will implement applicable elements of the Estuary RME Plan when it is revised in 2006

	Juvenile Salmon Stranding from Ship Traffic 
	Unk.
	USACE
	PNNL
	Beach seining for a before/after channel deepening study of stranding at sites at RM 51, 62, 97
	We will integrate our results with these and may use fish sampling data for comparison

	Juvenile Salmon Survival in the Estuary 
	Corps EST-P-02-01
	USACE
	NOAA Fisheries and PNNL
	Acoustic telemetry study of reach survival between BON and the mouth of yearling and subyearling salmonids
	We will sample tagged fish from this study, if present at our study area

	LCRE Habitat Mapping 
	BPA 2002-012-00
	BPA and USACE
	LCREP
	Remote sensing mapping project, Landsat 7 TM for the entire LCRE and CASI imagery at ~RM 7, 25, 64 and 95
	We will consult maps from this project

	LCRE Habitat Restoration 
	BPA 2003-011-00
	BPA
	LCREP
	On-the-ground projects passing a technical vetting 
	We will inform this project of our findings

	Pacific Northwest Aquatic Monitoring Partnership
	BPA 2004-002-00
	BPA
	USGS
	Coordination of the regional RME process; includes PNAMP estuary workgroup
	We will inform this effort of our work

	Pilot Monitoring in Wenatchee and Grande Ronde Basins
	2003-017-00
	BPA
	NOAA
	Pilot RME monitoring projects in tributary habitats
	We will consult with these researchers regarding RME

	Sandy River Delta Habitat Restoration  
	BPA 1999-025-00
	BPA and USACE
	USFS
	On-the-ground restoration at the proposed study site
	We will coordinate, integrate, and inform this key project about our work

	Technical Basis for Prioritization of Habitat Restoration Projects in the LCRE
	Part of BPA 2003-011-00
	BPA and State of Oregon
	LCREP
	Research to develop a technical basis for restoration project selection
	We will inform this effort of our work, which will be useful in their prioritization process


The study will have a working relationship with the Estuary/Ocean RME Subgroup project (BPA Project 2002-077-00) and the Plan for Research, Monitoring, and Evaluation of Salmon in the Columbia River Estuary.  Data from this study will inform the sampling designs for the LCRE status monitoring program and action effectiveness research.  The RME Plan developed by the subgroup will provide the framework for a monitoring program that the study will be part of.  Such a formal, organized, and integrated monitoring program does not exist at this time.

The study in the vicinity of the Sandy River delta is strongly related to Estuary Partnership’s LCRE Ecosystem Monitoring project (BPA project 2003-064-00, Table 1).  This project includes a large-scale effort to develop a new hydrogeomorphic-based habitat classification system and apply it to map aquatic habitats in the entire LCRE.   As the habitat classification scheme is coupled with habitat and water quality data within this project, the array of potential habitats in the tidal freshwater area will be quantified and mapped.  The Ecosystem Monitoring project will provide the context for the landscape containing the Sandy River delta study area.  In turn the study will provide useful data on fish presence/absence at various habitat complexes in the vicinity of the Sandy River delta.  Overall, the Estuary Partnership’s LCRE Ecosystem Monitoring project may fill the current void of a formal, organized monitoring program for the lower Columbia River and estuary.  The study would be an integral part of this program.

The Sandy River Delta Habitat Restoration project (BPA project 1999-025-00) will utilize the fish and ancillary data collected as part of the study.  We will share our data and coordinate our efforts with theirs through mechanisms outlined below in Section F (Work Element 161 and Work Element 118).  Note, however, that at this time we are not proposing to formally perform action effectiveness research on the blockage removal because of the uncertainty regarding implementation of the action.  Information from the ongoing restoration project, however, will be useful to our study, especially when used in conjunction with information from the LCRE Ecosystem Monitoring project.  The tie in with the Sandy River restoration effort is limited at this time because restoration to date has concerned re-vegetation.  If and when the tidal reconnection project happens, we will coordinate with the appropriate parties.
The relationship between our study and the USACE estuary survival project (EST-P-02-01, Table 1) is important.  During 2000-2005, the USACE funded NOAA Fisheries and PNNL to develop a miniaturized acoustic tag and acquisition hardware.  This acoustic telemetry technology is called the Juvenile Salmon Acoustic Telemetry System (JSATS).  The USACE-funded research will continue in FY07, because improving survival rates for subyearling salmon passing through the federal hydrosystem is a high priority (NOAA 2004).  The large USACE effort involves focused research at mainstem hydropower dams and project, reach, and system-wide survival estimates on a species-specific basis.  To estimate survival rates, juvenile salmon will be marked with acoustic tags, released in the Snake River and other locations, and detected at downstream hydrophones arrays, such as at the mouth of the Columbia River.  For example, plans for USACE studies in 2007 call for tagging over 15,000 juvenile salmonids.  Since most of these fish will be migrating through the Sandy River and vicinity, there is an important opportunity to perform feasibility work on acoustic telemetry monitoring protocols in shallow tidal freshwater.  As an Action Agency, the USACE has agreed to consider collaborating on applying its acoustic telemetry technology to the proposed study.  Specifically, the USACE would allow us to listen for fish tagged for their purposes.  Even if for some reason juvenile salmon are not marked with JSATS tags, we propose to do the feasibility work planned for Objective 2 by deploying JSATS tags from inanimate objects, moving them about, and assessing detection capabilities (see Section F for more details) to aid in further developing this technology for use in different systems.

Another related effort using acoustic telemetry technology is the project Acoustic Tracking for Estimating Ocean Survival (BPA project 2003-014-00, Table 1).  This project is using equipment manufactured by Vemco to study yearling salmon migration patterns along the continental shelf in the Northeast Pacific Ocean.  By necessity, the VEMCO tags have long battery-life and are therefore relatively large.  The JSATS acoustic telemetry technology was designed to provide a way to estimate survival rates in subyearling Chinook salmon (at this time, the minimum size fish tagged is 90 mm).  Thus, the two technologies are complementary, designed to answer different questions in different environments.

This study involves status and trends monitoring and testing monitoring protocols (Objectives 1 and 2).  It will be integrated with other relevant LCRE research in the sense of tributary habitat “pilot” monitoring studies described by NOAA Fisheries and the Action Agencies (2003) in their draft Research, Monitoring, and Evaluation Plan for the NOAA Fisheries 2000 Federal Columbia River Power System Biological Opinion.  According to this plan, a pilot monitoring project would involve coordination and integration of existing and new monitoring efforts for status/trends and action effectiveness in a selected subbasin.  A monitoring project can also include testing monitoring protocols and sharing data (Jordan 2005).  Pilot monitoring projects are underway in the John Day (OR), Salmon (ID), and Wenatchee (WA) river basins (e.g., BPA project 2003-017-00, Table 1).  In a joint review, the Independent Scientific Advisory Board (ISAB) and the Independent Scientific Review Panel (ISRP) supported the tributary pilot studies (ISAB and ISRP 2004).  Furthermore, the concept of a pilot monitoring study for the estuary was proposed in the Estuary/Plume RME Plan (Johnson et al. 2004) and supported by the Independent Scientific Review Panel in their review of the plan (p. 10, ISRP 2004).  However, the study we propose for 2007-2009 is not the same as the pilot study concept in the Estuary/Plume RME Plan.  Thus, it is worthwhile to note some similarities and differences between the approach for tributary pilot monitoring studies espoused in the Estuary/Plume RME Plan for the LCRE and the study proposed here for the tidal freshwater region of the Columbia River in 2007-2009 (Table 2).  

Table 2.  Comparison of Tributary Pilot Studies and Our Study.

	Factor
	Tributary Pilot Monitoring Studies
	Our Study (2007-2009)

	Scale
	Basin to subbasin to watershed to reach to sites
	Sites within one or two reaches

	Relative Scope of Work
	Large
	Small

	Status Monitoring
	Yes
	Yes

	Action Effectiveness Research
	Yes
	No

	Uncertainties Research
	Yes
	No

	Coordination and Integration among Projects in the Study Area
	Yes
	Yes

	Management Implications
	Fundamental data on the results of the FWP and UPA actions for salmon
	Fundamental data on habitat usage by subyearling salmon


In summary, our study will complement other related projects in the LCRE (Table 1).  Mechanisms to integrate our study with related projects, such as common monitoring protocols, are described in Section F (Work Element 118).

E. Project history 

This study (Project 2005-001-00) commenced in May 2005 with a preauthorization work order.  The FY05 contract was executed in August 2005 and has an end date of January 31, 2006.  Project expenditures for FY05 were $80,000.  Accomplishments during FY05 included: 

· Draft sampling design for beach seining to monitor subyearling salmon, 

· Applications for fish collection permits;

· Logistics preparation for field sampling;

· Columbia River Estuary Conference -- establishment of a steering committee, announcement mailed, and draft program for the conference, including subyearling salmon monitoring in the LCRE;

· Participation on the PNAMP Estuary workgroup and the Estuary/Ocean RME subgroup;

· Project 200500100 initiated in PISCES;

· FY05 annual report;

· FY06 study proposal.
The FY06 study proposal received a “Not Fundable” recommendation upon review by the Independent Scientific Review Panel.  Therefore, field work was not performed in FY06.  We did convene a scientific conference on LCRE research, including the ecology of juvenile salmonids.
F. Proposal biological objectives, work elements, and methods

The biological objectives for the FY07-09 study are as follows:

1. Migration Characteristics and Ecology (previously called Habitat Usage) -- Provide basic data on the migration characteristics and ecology of yearling and subyearling salmonids in tidal freshwater habitats in the vicinity of the Sandy River delta in the lower Columbia River.
2. Acoustic Telemetry Monitoring – Assess feasibility to apply acoustic telemetry technology for action effectiveness research and quantify residence times and migration pathways in shallow, tidal freshwater habitats.
The work elements from the PISCES Project Tracking System that apply to our study objectives are summarized in the following table (“X” means the work element is applicable).  The work elements with asterisks are standard project activities; we describe these at the end of this section.  For each biological objective, we explain applicable work elements 156, 157, and 162 and their associated tasks and methods. 
	
	118* Coor.
	119* Mngt.
	132* Annual Report
	156 
RME Methods
	157 Collect Data
	161* Disseminate Data
	162 Analyze Data
	165* 
Env. Compliance

	Obj. 1 
	X
	X
	X
	
	X
	X
	X
	X

	Obj. 2 
	X
	X
	X
	X
	
	X
	
	X


Work Elements for Biological Objectives

The tasks below are uniquely numbered by the following convention:  X.Y.Z, where X is the objective number, Y is the work element number, and Z is the item number.  Methods are described for each task.

Objective 1: Migration Characteristics and Ecology (previously called Habitat Usage)-- Provide basic data on the migration characteristics and ecology of yearling and subyearling salmonids in tidal freshwater habitats in the vicinity of the Sandy River delta in the lower Columbia River.  The null hypothesis is that juvenile salmonids do not use these habitats.  We will determine which fish are present, including stock identity of juvenile salmonids in the study area, their relative abundance and size through time, where they are located, the habitat characteristics and residence times at these locations, and growth rates and what they are eating relative to available food sources.
Work Element 157: Collect and Validate Data

Task 1.57.1: Collect shallow (0-2 m) beach seine and  mid-depth (2-5 m) trawl data to determine the abundance (catch per unit effort), size (length and weight), and species composition through time.
Sampling Sites:  Six fixed sites
 in the study area in the vicinity of the Sandy River delta will be monitored over time with a shallow (0-2 m) beach seine and a mid-depth (2-5 m) trawl (Figure 7).  In the study area, four habitat complexes will be sampled: river confluence floodplain, shallows, floodplain, and mainstem island.  Two sites for the shallows (B, D) and mainstem island (C, E) complexes will be sampled and one site each for the floodplain (F) and river confluence floodplain complexes (A), for a total of six sites.  Besides channel habitat, these four habitat complexes are among the most common types found in the tidal freshwater area (LCREP 2004a).  We will consult bathymetric maps for the LCRE, which are being updated as part of the Estuary Partnership’s Ecosystem Monitoring project, to determine bottom topography at the sample sites.  The sample sites will be geo-referenced and mapped on existing aerial photographs and bathymetric maps.
The six sample sites were selected to cover the main habitat classes in the Sandy delta and vicinity.  Six sites were chosen as a trade-off between cost, spatial sampling intensity, and temporal sampling intensity.  To obtain adequate temporal sampling of migration characteristics we believe a minimum of two sampling episodes per month are necessary, at least in the first year.  This accordingly limited the number of sampling sites.  The Juvenile Salmon Stranding Study sampled only one site each in three different reaches and obtained useful data.  We did not propose EMAP because its applicability to status and trends monitoring in the LCRE is thus limited by the fine scale of spatial and temporal variability of the ecological structures and processes occurring in this estuary.  The sampling intensity required to apply EMAP designs to a finely structured environment such as this estuary would be prohibitively expensive because of the number of strata and the number of samples required to characterize the variability in each.  For example, an exercise in applying the tessellated design to the estuary in a draft habitat monitoring plan for LCREP in 2004 resulted in 100 randomly selected data points from 1000 hexagons bounded by a depth contour; this was before stratifying by the appropriate ecosystem structures and did not account for stratifying by reach.

Equipment and Deployment:  A standard 37-m floating beach seine (Simenstad et al. 1991) will be used to sample fish.  Such a net was used successfully in the tidal freshwater area of the LCRE as part of the study of Juvenile Salmon Stranding from Ship Traffic (Pearson et al. 2005) (Table 1).  Several studies have used different capture techniques for collecting fish in nearshore and offshore habitats and have found that larger fish (generally yearlings) are found in deeper water (Healey 1980, Levings 1982, Dawley et al. 1986).  Offshore sampling has included tow nets (Fresh et al. 1981), purse seines (Levings 1982, Dawley et al. 1986) and other techniques; however, beach seining is generally accepted as the best method for nearshore sampling (Hayes et al. 1996).

[image: image12.png]



Figure 7.  Aerial photograph of the Sandy River Delta and Vicinity with Habitat Complexes for Sampling.  The         represent hypothetical seine sampling sites and           represent hypothetical sample sites for acoustic telemetry hydrophones.  Hydrophones deployed upstream and downstream as part of other studies will also be utilized.
The net, designed for capturing motile fish, is composed of 3-cm mesh with two 18-m-long wings that are 0.9 meters high at the ends and 2 m high where the wings attached to the central bag; the bag is 2 m high by 2.4 m wide by 2.3 m deep and made of 6-mm mesh.  A boat may be used to facilitate setting the seine, which is deployed parallel to the shore then pulled shoreward onto the beach.  The beach seine will be hauled evenly and gradually pursed as it reaches the waterline.  Fish will be removed from the net using wet brail techniques and placed in buckets with fresh river water aerated with battery powered pumps until they are processed.  Fish will be identified and counted, and returned back to their original environment; to minimize handling, salmonids will be placed in a graduated cylinder filled with river water for identification and measurement.  Hatchery and wild status of salmonids will be determined to the extent possible by recording clipped adipose-fins, and testing with coded-wire tag and PIT-tag readers.  Fork lengths and weights of salmonids will be recorded to at least n = 20 for each: 1) species, 2) hatchery or wild status, and 3) size class.  Standard lengths and weights of all other fish will be recorded for at least the first 20 individuals.  The data resulting from the seine net sampling will produce estimated density per square meter (number of fish/area swept) and CPUE for juvenile salmon and other fish.  Data will be recorded on a field form and later entered into a spreadsheet for analysis.
A small surface trawl, such as an Kvichak or similar, will be deployed from a vessel at locations offshore but adjacent to the beach seine sample sites.  The catch will be processed the same as described above for the beach seine.

At this time we are not planning to determine if aggregations of fish are present around any large woody debris.  However, during the initial year of field work, we could inspect the study area for the presence of large wood y debris and then, if present, perform preliminary acoustic camera surveys to detect the presence of fish around the debris.  If fish are present, routine snorkel surveys could be incorporated into subsequent sampling designs.
Sampling Design:  We plan to perform twice-monthly sampling trips during the four seasons of each study-year.  We will collect one shallow and one mid-depth seine sample per sample site per trip.  The six paired beach seines (one 30-m and one 100-m offshore set) per sampling trip will be conducted in a Latin Square design (Table 4; Cochran and Cox 1957) to block on time among trips within the season.  Let the six sites (Figure 7) be labeled as A (river confluence floodplain), B and D (shallows), C and E (mainstem island) and F (floodplain).  Furthermore, let the six paired beach seines per trip be identified by cycle (i.e., one complete cycle of sites, A,…,F) and order within the cycle (i.e., 1st,…,6th) by Table 4.  Note, when we implement the survey, we will randomly assign the six sites to the labels A, B,…,F.  In this design, each site is present during a sample trip and is sampled during a different time period within a trip (i.e., column; 1st,…, 6th).  The purpose of the design is to prevent or minimize confounding sample site differences with sample times.  A new randomization of the Latin Square design would be performed each season by re-randomizing the site assignments to the labels A, B,.., F within each row and within each column independently.  (Note, the ISRP questioned use of the Latin square design; we will address this concern when the project statistician returns to the office after July 24, 2006.)  
Table 4.  Latin-Square Sampling Design for Twice-Monthly Seasonal Beach Seine Samples at Six Sampling Sites (A-F).  The spring season (March-May) is used for an example.

	Month
	Trip
	Sample Order

	
	
	1st
	2nd
	3rd 
	4th
	5th
	6th

	March
	1
	A
	B
	C
	D
	E
	F

	
	2
	B
	C
	D
	E
	F
	A

	April
	3
	C
	D
	E
	F
	A
	B

	
	4
	D
	E
	F
	A
	B
	C

	May
	5
	E
	F
	A
	B
	C
	D

	
	6
	F
	A
	B
	C
	D
	E


Task 1.157.2. Determine the stock identity of juvenile salmon collected in the seines.  

The purpose of the genetic analysis will be to determine stock of origin.  We will use these data to determine if Snake River fall Chinook salmon are present in the area, which has implication for management decisions about habitat restoration in the area.  Stock-of-origin data will also be critical because juvenile salmon produced in the Sandy River subbasin may be prevalent at the study area and knowing the abundance of these fish in relation to other populations using the area will provide further understanding of these shallow water systems and how they are used by fish.

Fin clips on sub-samples of collected salmon (~15) per sample site per trip) will be preserved by us for genetic mixture analysis by Dr. Paul Moran’s group at NOAA Fisheries.  Mixture analysis and estimation of stock-of-origin has two components, the construction of the baseline and the analysis of the unknown mixtures.  The baseline construction phase of this study is complete and funds are requested only for mixture analysis.  The “baseline” is the whole set of reference samples representing spawning aggregates in known geographic locations. The “mixture” is a group of fish derived from different populations in different proportions.  In this study the mixtures are groups of Chinook salmon individuals taken at different times and places, in our case the Sandy River delta vicinity.  By comparing the multi-locus genotypes in the mixture samples to the gene frequencies of the reference populations, it is possible to use standard mixed fishery methods to estimate the likely proportional contribution from each of the baseline populations (Kalinowski 2003).  The baseline populations are pooled in various ways to assess stock composition at various levels of geographic hierarchy, i.e., among ESUs or groups of ESUs, among river basins, among sub-basins, among individual population samples.  It is through multivariate analysis of stock compositions mapped onto a broad range of biotic and abiotic variables over space and time and examined at various scales that we expect this study to make its greatest contributions.  Our method will also permit assignment of individual fish to their putative stock-of-origin (albeit with lower accuracy than proportional estimation).

Mixture analyses as well as simulations related to power analysis will be carried out by using the program Genetic Mixture Analysis (GMA, Kalinowski 2003).  This software was implemented under contract from Conservation Biology Division to meet the specific needs of NWFSC scientists; however, the algorithms (Ranalla and Mountain 1997; Smouse et al. 1990) are based on accepted methods (e.g. similar to the widely-used SPAM program).

Task 1.157.3. Collect ancillary data during seine field work.
We will acquire relevant environmental data (e.g., water temperature, tide stage, daylight, river stage, river flow) and enter it into our data base so that it is available for analysis.  Additional data relevant to the study will include:

· Beach material:  Sediment characteristics at each site will be observed and recorded during each visit.  Samples will be taken for analysis of grain size from each sample site.  Grain size will be characterized using sieves sized 2 mm (very coarse), 1 mm (coarse), 0.5 mm (medium), and 0.25 (fine).  

· Depth:  Water depth at each sample site during each visit will be recorded.  

· Dissolved gas:  A water quality instrument will be used to measure dissolved oxygen levels on site on a daily basis.  Gas saturation levels from Bonneville Dam will also be obtained to track relative changes in oxygen levels over time. http://www.cbr.washington.edu/dart/hgas_com.html

· Hatchery release data:  The DART website (http://www.cbr.washington.edu/dart/hatch.html) will be accessed to obtain real time information on hatchery releases of fish that could be present at the study sites.

· Positions:  All measurement sample sites, instrument placement positions, survey area boundaries, and other important locations will be documented using differential GPS.

· Turbidity:  Turbidity will be measured daily using a meter.

· Water velocities:  Water velocities will be measured with a current meter.

· Water temperature:  Water temperature will be recorded with a submersible thermometer and/or water quality instrument.

· Weather conditions:  General weather conditions will be recorded every 4 hours during field operations.  Sunrise and sunset information can be found online (http://aa.usno.navy.mil/data/docs/RS_OneYear.html).

Task 1.157.4. Determine residence times and growth rates through time for subyearling salmon collected, marked, and recaptured at two selected sampling sites.  
We propose to establish the mark-recapture study at two sites during two time periods in order to capture multiple potential outmigrating populations.  Sites will be selected based upon FY06 study data, using sites which generally had the highest fish abundance.  Additionally, we will aim to cover two different habitat complex types, though will select for shallow-water areas that are conducive to intensive sampling.  The study will be conducted in March to capture early lower river fish and June to capture fish presumed to be outmigrating from upriver.  During each period, we will sample each site daily during the first week and implant up to 500 PIT tags; fish with existing PIT tags will not be re-tagged, but their data will be recorded.  During subsequent weeks we will sample less frequently (every 2-3 days) depending upon the rate of recaptures.  Additional fish may be tagged to provide a larger population for recapture, if deemed necessary. 
Using the 37-m beach seine set 30 m from shore, we will collect fish and maintain them in holding buckets or coolers.  Individuals will be scanned for existing PIT tags, measured and weighed.  Fish will be allowed to recover and will be released at the site.  Subsequent captures will be recorded and additional fish will be tagged during each seine.  Growth of individuals will be determined from lengths and weights of recaptures.  Fin clips will be taken from all recaptures to determine population of origin.  In conclusion, the purpose of the mark-recapture study is to estimate residence time and growth rates, not abundance.  We proposed to PIT-tag 500 fish as a reasonable number to initiate the effort, , recognizing that recapture rates are generally low.  If more tags are necessary because of low recapture rates, the number of markings will be increased.  Preliminary results will indicate what level of precision might be expected.
Task 1.157.5. Determine diet and prey availability for subyearling salmon collected at the two selected sampling sites.
The goal of the diet task is to assess what the subyearling salmon are eating.  Up to 10 fish per species will be collected from each site/sampling date for diet study.  If non-lethal methods are required, stomach contents will be extracted using gastric lavage.  Fish will be lavaged with river water via an appropriately sized syringe fitting (Bowen 1983) and stomach contents will be collected in a fine mesh sieve (106 µm or smaller) and preserved with neutral buffered formalin.  Samples will be labeled with fish and site data and assigned a fullness value (1-5).  For those fish that may be euthanized for other reasons (otoliths, chemistry, etc.), whole stomachs will be removed in the field or lab (if fish are frozen) and preserved in neutral buffered formalin until analysis.  The potential otolith research will involve sharing the samples with NMFS/UW/OSU/OHSU (Proposal 200301000).  All fish diet samples will be processed in the lab, with identification of prey items to the lowest taxon appropriate, with some consideration of functional groups.  

By assessing prey availability in conjunction with other factors (habitat structure, fish diet) we will gain further understanding of how and when fish utilize these habitats and how important they are as refuge and rearing habitats.  Benthic cores, emergence traps, and insect fallout traps will be collected for the analysis of benthic invertebrates at a subset of sites.  Invertebrate sampling sites will be randomly selected using a random number generator for X,Y cell among 1-m cells in a grid at each sample site.  Invertebrate sampling will be conducted in conjunction with the diet study, sampling every site every samplingdate.  We will collect three benthic cores for fauna in emergent vegetation (likely Eleocharis spp.) and from bare substrate and three emergence samples from bare substrate during spring and summer. Samples will be preserved in 10% neutral buffered formalin.  Fallout traps will be set for 24 hours, at which point samples will be collected and preserved in ethanol.  Prey taxa will be identified (to genus and species or to the lowest taxa practicable), and classified according to functional (trophic) groups.
Work Element 162:  Analyze and interpret data.
Task 1.162.1: Analyze and interpret the seine data to determine abundance (catch per unit effort) and temporal and spatial distributions.

The raw seine data (catch per unit effort, CPUE) will be entered into a database for analysis.  Fish data from samples will be entered into an Access database, reviewed using standard QA procedures, and quantitative density estimates will be calculated by species / life history stage by habitat type over time.  Results will be presented in graphic and tabular form, with all raw data included in accompanying appendices.  Geo-referenced sampling sites will be presented in map form.  Seasonal performances would be estimated by the average beach seine CPUE over sampling sites and trips.  The following methods assume six sample sites; they will be adjusted if the number of sample sites changes.
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where, MSE is estimated from the Latin Square ANOVA table.  A degree-of-freedom table for the seasonal Latin Square design is depicted below (Tables 5).

Table 5.  Degree-of-Freedom Table for the Seasonal Latin Square Design.

	ANOVA

	Source
	DF
	SS
	MS

	TotalCor
	35
	SSTOTCOR
	

	Rows
	  5
	SSR
	MSR

	Columns
	  5
	SSC
	MSC

	Sites
	  5
	SSA
	MSA

	Error
	 20
	SSE
	


Average CPUE at a site within a season could be estimated by the mean (assuming six sites):
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Annual trends in seasonal CPUE estimates (assuming six sites) will be plotted along with associated confidence intervals.  A 
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Task 1.162.2. Use the applicable ancillary data to characterize habitat at the sampling sites and the association between habitat characteristics and juvenile salmonid abundance.
Data collected as part of this project and for ancillary projects will be used to describe habitat conditions, including sediment grain size, vegetation community composition, elevation, water quality, and riverine conditions.  Additionally, maps of each site will provide data about channels and water sources, which may be important structures for determining fish usage.  While little data linking salmonids to specific vegetation communities in the tidal freshwater area of the Columbia River exist, studies have shown that salmonids use shallow water habitats and the prey produced in these habitats for rearing (Lott 2004).  This study will help address when fish are using these habitats and if there is an indication of the fish preferentially selecting for one habitat complex type over another.  Multivariate statistical methods will be applied, depending on the structure and characteristics of the data.
Objective 2: Acoustic Telemetry Monitoring -- Assess feasibility to apply acoustic telemetry technology for action effectiveness research and quantify residence times and migration pathways in shallow, tidal freshwater habitats.
Work Element 156. Develop RME methods.
Task 2.156.1. Deploy and test acoustic telemetry equipment and collect telemetry data.
Equipment and Deployment:  At the Sandy River delta study area, we propose to deploy acoustic telemetry equipment to listen for tagged fish migrating through the study area.  A basic acoustic telemetry system consists of a tag (the transmitter), a hydrophone (the receiving transducer), a signal processor (the receiver), and processing and analysis software.  This simple system can be used to detect the presence of a tagged animal in an area of interest.  The micro-acoustic tags used in this study transmit 417 kHz sound once every 5 seconds for about 60 days.  The equipment we propose to use is called JSATS (Juvenile Salmon Acoustic Telemetry System; for more information, see Section G, Facilities and Equipment).

Fish Tagging and Release: As part of other projects (e.g., Corps EST-P-02-01), over 15,000 juvenile salmon and steelhead will be tagged and released in the hydrosystem above Bonneville Dam.  (The exact sample sizes for these studies will be finalized at a later date.)  Fish will be surgically implanted with acoustic tags weighing no more that 0.63 g in air (0.39 g in water) using a procedure similar to that described by Adams et al. (1998), excluding details about the external antenna. Each fish will receive a PIT tag and an acoustic tag no larger than 5.5 mm wide x 4.8 mm thick x 19 mm long.  Fish will be individually anesthetized with tricaine methanesulfonate (MS-222).  While immobile, fish will be weighed and measured, and the PIT tag and acoustic tag codes associated with the fish will be recorded.  The fish will be placed dorsal surface down on a foam operating table, and a continuous supply of anesthetic water will be delivered during surgery by a tube inserted into the mouth.  A 10-mm incision will be made approximately 2 mm to the left of the mid-ventral line just anterior to the pelvic fin girdle.  A PIT tag will first be inserted through the incision into the abdominal cavity, followed by a functioning acoustic transmitter.  The incision will be closed by two interrupted sutures, and the fish will be placed in a bucket of fresh water with supplemental oxygen for observation during recovery.  In future study-years, specimens from particular ESUs may be collected and tagged specifically for the purposes of estuary research.

Sampling Sites: Two autonomous hydrophones (nodes) would be deployed at the study area in the following habitat complexes: river confluence floodplain and mainstem island (Figure 7); the exact locations of the nodes will be determined after preparatory site visits.  We will also utilize data from hydrophones deployed upstream and downstream for other studies to calculate detection probabilities.  Placing hydrophones upstream of the delta and in the main channel along the outer side of the delta, and in two sites within the delta, will be important to demonstrate whether or not the area is/is not used by upriver juvenile salmonids.  The assumption is that the river confluence sample site will detect migrants passing by, while the mainstem island sample site will detect any use of shallow water habitats.  Along these same lines, estimates of detection range for the hydrophones will be useful in deciding on placement of the hydrophones.  The maximum range of detection based upon the receiving sensitivity of JSATS autonomous nodes and the source levels of acoustic micro-tags ranges from about 600 to 800 ft depending upon ambient acoustic conditions in the river.  We will move tags through known positions to provide information on detection range at specific sample sites in the study area.

Data Downloading:  Acoustic data will be down-loaded from the mini-nodes each week of the April-September telemetry field season.  Node ‘servicing’ will consist of recovering each node and replacing the batteries and replacing the data media (CompactFlash card).  Data will be immediately backed up on the project laptop computer and CD media.

Caveat:  If fish are not tagged as part of other studies, we will still be able to assess feasibility of the acoustic telemetry technology by mapping detection zones of the hydrophones, as mentioned above, using manual movement of transmitters (tags) through the study area.  And, if necessary specifically for our study, we will acoustically tag fish as described above and release them at least 10 miles upstream of the study area to allow for mixing and acclimation.
Task 2.156.2: Analyze acoustic telemetry data for the purpose of an RME tool in shallow, tidal freshwater.

This study will be used to assess the feasibility of using acoustic telemetry technology for action effectiveness research in the lower Columbia River and estuary.  We will assess whether detections of tagged fish at each of the hydrophones can be used to determine the spatial distribution and residence time of tagged fish at the sample sites.  Detections of tagged fish through time could then be used to determine the temporal distribution of tagged fish at the study sites.  Data will be processed using TagViz software to match codes detected at least three times in chronological order with released codes, develop time-of-detection histories, and calculate detection probabilities for the primary and secondary arrays.  A web-based version of TagViz will allow us to access detection data, which will be updated weekly or biweekly.  The TagViz data base will contain tag activation and detection histories for all ongoing JSATS studies in 2006, so information about releases and detections for a specific study or all related studies will be readily accessible.  The primary data from the analysis of the acoustic data will be: species of tagged fish, time of first detection, time of last detection, residence time, location(s), i.e., nodes, where detections occurred, total number of detections.  These data will be interpreted in conjunction with data from JSATS nodes placed across the Columbia River at Lady Island just downstream from the Sandy River delta for the estuary survival study.

Work Elements for Standard Project Activities

The following PISCES work elements (WE) for standard project activities are applicable to this study: 118 Coordination, 119 Project Administration and Management, 132 Annual Report, 161 Disseminate Data, and 165 Environmental Compliance Documentation.  For each, we describe the work element, tasks and methods, milestones, and deliverables.  All work elements pertain to all biological objectives.  Work elements are presented in numerical order.

Work Element 118: Coordination 
Task 118.1: Help convene and participate in a biannual conferences covering juvenile salmonid and related relevant research in the lower Columbia River and estuary.

The concept of a RME project involves coordination across multiple projects such that the integrated whole is greater than the sum of the individual parts.  A workshop/conference is a useful method to coordinate, exchange information, and integrate across projects.  Since the Corps of Engineers holds an annual conference for their Anadromous Fish Evaluation Program (AFEP), during which presentations are made on the AFEP projects they fund in the estuary, this would be an excellent forum to coordinate our study.  A similar association occurred in 2004 when the estuary portion of this conference was expanded to include other estuary/ocean projects the Corps funds as part of other programs, such as Channel Improvements and Operations/Maintenance.  Recently the Corps indicated they may choose to convene a 2005 estuary workshop/conference separate from the AFEP forum, so it will be necessary for us to stay in communication with the Corps.  In addition, NOAA Fisheries convenes an annual workshop for their BPA (2000-010) and Corps (EST-P-02-02) estuary research projects that would provide an opportunity for coordination; we will inquire about this possibility.

Task 118.2. Convene project coordination and planning sessions once per year prior to springtime field sampling efforts.  

These sessions would be held at PNNL’s offices in Portland, OR.  Researchers from pertinent, related projects would be invited.  As mentioned above, common monitoring protocols to ensure comparable data will be essential to integrate results among projects.

Task 118.3. Consider development of a joint research manuscript.

This manuscript would be submitted to a peer-reviewed journal.  It would cover research and monitoring on subyearling salmon migration characteristics from studies by Ducks Unlimited, NOAA, PNNL, USGS, and others.  This would expedite getting new data to the peer-reviewed literature.

Task 118.4: Participate in regional technical groups.

Such groups would include PNAMP’s estuary workgroup, the Action Agencies’ estuary/ocean RME subgroup, the Estuary Partnership’s science workgroup, and the Anadromous Fish Evaluation Program’s science review workgroup.

Task 118.5. Exchange PISCES status reports.

This would apply to researchers working on project related to subyearling salmon in the tidal freshwater area as part of the BPA-funded projects in the Council’s F&W Program.  This task assumes BPA and Council approval.
Work Element 119: Project Management and Administration 
Task 119.1: Prepare a project management plan.

We will develop a written document and communicate it with project participants and BPA staff.  The project management plan will include a schedule of project activities, milestones, and deliverables, a list of personnel and their duties and contact information, a staff organization chart, and the scope of work.  The project management plan will be outlined similarly to the following:

1.0
Introduction

1.1.
Project Scope

1.2.
Deliverables and Schedule

1.3.
Budget

2.0
Roles, Responsibilities, Accountabilities, and Authorities

3.0
Project and Administrative Controls

3.1.
Work and Expenditure Authorization

3.2.
Project Performance Measurement

3.3.
Change Management

3.4.
Procurement and Subcontracts

3.5.
Communications

4.0
Risk Management

5.0
Records Management

6.0
Project Closeout

Task 119.2: Convene bi-monthly project meetings.

To ensure excellent communication among project participants, the project manager will hold in-person meetings or conference calls at least bi-monthly.  During these meetings we will discuss project status and accomplishments, planned activities, and issues/problems.

Task 119.3: Prepare a scope of work and budget for FY07 and enter this information into PISCES.  (This task depends on the process the NPCC establishes for the FY07-09 FWP.)

We will draft the FY07 scope of work and budget based on results and experience gained in FY06.  The project scope will be communicated regionally using the PISCES project management software system.
Task 119.4. Prepare quarterly PISCES Status Reports.

Work Element 132: Annual Report 
Task 132.1: Write-up the results from the study.

We will apply standard technical reporting procedures.  That is, the report will include sections on the goal and objectives, background and problem description, methods, results, discussion, recommendations, and literature cited.  The report will also document the coordination between this study and other monitoring efforts, such as LCREP’s Ecosystem Monitoring Project.

Task 132.2: Disseminate the report and solicit peer-review comments.

Technical reports invariably are improved when they are peer-reviewed.  We will ask BPA to post the draft report on their Fish and Wildlife Division website and invite comments.  We will also send the draft report to colleagues, such as Drs. Bottom, Casillas, and Roegner.  

Task 132.3: Finalize the report.

The method is self-explanatory.  After the report is finalized, the draft on the BPA website will be replaced with the final version.

Work Element 161: Disseminate Data 
Task 1. Contact Stewart Toshach (NOAA) of NED to obtain protocols and requirements for metadata, plan and organize database links, and arrange for routine collaboration.

Task 2. Develop a website for the study, including background information and preliminary data cleared for release through the PNNL Clearance Process.

Task 3. Advertise the website for the study.

Work Element 165: Environmental Compliance Documentation 
Task 165.1: Confirm the specific documentation BPA requires.

Task 165.2: Prepare and submit scientific collection permit application to the Oregon Department of Fish and Wildlife.

Task 165.3: Prepare and submit scientific collection permit application to the NOAA Fisheries.

Task 165.4: Submit environmental compliance to BPA.

Methods for Monitoring, Evaluating, and Communicating the Expected Results
This study is expected to result in new knowledge about habitat usage by subyearling salmon in the tidal freshwater area in the vicinity of the Sandy River delta.  Specifically, results will reveal the habitat complexes where fish are most prevalent (spatial distribution), when they are most prevalent (temporal) distribution, how long they spend there (residence time), what they are eating (diet), and their food resources (prey availability).  In addition, results will include protocols for sampling acoustically tagged fish in shallow, tidal freshwater.
The expected results will be monitored and evaluated through 1) the federal RME process and its Estuary/Ocean subgroup, 2) PNAMP’s Estuary Group, 3) LCREP’s Science Work Group, and 4) BPA/NPCC’s PISCES Project Tracking System.
The expected results will be communicated via 1) regional forums for information exchange, such as the Estuary Conference, 2) technical reports, 3) regional and national symposia and conferences, such as the American Fisheries Society Annual meeting, and 4) peer-reviewed publications (see Work Elements 118, 132, and 161 above).
G. Facilities and equipment 

Facilities 

This project will have the advantage of PNNL facilities nearby.  Laboratory, storage, and boat maintenance facilities are operated by PNNL at North Bonneville, WA, about 25 miles upstream.  PNNL also has offices in downtown Portland, OR, about 15 miles downstream.  We will rent a storage area near the public boat ramp in Camas, WA across the Columbia River from the Sandy River delta.

Equipment

This project will deploy the latest technology for acoustic telemetry, the Juvenile Salmon Acoustic Telemetry System (JSATS).  The JSATS advantages begin with the tag, which transmits a digitally encoded pulse (as opposed to a simple phase-shifted analog pulse) that includes a CRC message at the end of the encoding to dramatically reduce the number of false positives.  False positives cannot be eliminated mathematically and greatly increase data-processing time.  The JSATS tags also have a higher source level that other micro tags (150 dB relative to 1 µPascal at 1 m versus about 145 dB) thereby greatly improving signal to noise ratios.  The JSATS tags have a longer active battery life than other tags, in spite of having a significantly higher source level.  On average, a JSATS tag can last about 60 days pinging once every 10 s, 45 days pinging once every 7 s, and 30 days pinging once every 5 s).  They also have an inactive shelf life of up to 1 year.  We also expect fewer and less significant tag effects on small fish than would be expected with non-JSATS tags because JSATS tags are light (0.63 g in air and 0.39 g in water) and have a conformal shape designed to fit within the body cavity of a juvenile salmonid with minimal impact on the animal.  Non-JSATS micro tags are 1 g in air and cylindrical, which makes them easier to manufacture but harder on smolt endurance and internal organs.  In laboratory experiments, PNNL has tagged 74 to 90 mm long subyearling Chinook salmon with very low mortality.  JSATS software uses a fairly simple and straightforward set of data processing steps, based on multiple detections of a tag with the correct time spacing between transmissions, to filter out remaining false positives.  The software also rapidly matches detected codes with released codes, and this process greatly reduces data-processing time.
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I.  Key personnel

Key personnel from NOAA, ODFW, PNNL, and UW will form a cohesive team to meet the requirements of this multi-disciplinary project, as depicted in the following figure:
[image: image21.wmf]Ecology

Fish 

Biology

Genetics

Statistics

Acoustics

Tidal 

Freshwater 

Pilot Study


Key personnel (resumes follow the brief descriptions) for this project will include in alphabetical order:
· Dr. Tom Carlson (PNNL, 0.01 FTE), Hydroacoustician, is an expert on underwater sound as it affects fish and as it can be used to detect and track fish.  He contributed substantially to the invention of fixed-location hydroacoustics, sensor fish, miniaturized acoustic tags, and autonomous acoustic receiving nodes. He is currently working on the Juvenile Salmon Survival project, among many others.  Dr. Carlson will provide technical oversight for the acoustic telemetry component of the study.

· Mr. Earl Dawley (consultant, 0.06 FTE), Fisheries Biologist, is an expert, on the migration characteristics of juvenile salmonids in the LCRE.  In 2001, he retired from the National Marine Fisheries Service, Pt. Adams Research Laboratory in Hammond, OR.  He is currently working on his boats and the Cumulative Effects project.  For the study, Mr. Dawley will guide the juvenile salmon sampling effort and help interpret and integrate the data with previous and new data from elsewhere in the LCRE.
· Dr. David Geist (PNNL, 0.05 FTE), Freshwater Ecologist and Salmon Biologist, is a staff scientist at PNNL with 15 years of experience studying salmon ecology in the Columbia River Basin.  Dr. Geist earned his Ph.D. from Oregon State University and has published over 20 papers in peer-reviewed journals on topics related to aquatic ecology of rivers in the Pacific Northwest.  He presently manages two projects investigating habitat quality in the lower Columbia River including an assessment of chum salmon restoration in the Grays River watershed and chum and fall Chinook salmon spawning in the Ives Island area below Bonneville Dam.  Dr. Geist will provide technical support to the project on issues associated with salmon behavior and ecology.
· Mr. Gary Johnson (PNNL, 0.40 FTE), Project Manager, is a research scientist at PNNL with experience managing complex projects.  He has a Masters degree in Biological Oceanography from Oregon State University and currently works on the Estuary/Ocean RME Subgroup.  Mr. Johnson will manage the study.

· Dr. Paul Moran (NOAA, 0.35 FTE), Geneticist, has 20 years of experience in molecular genetics research, including evolutionary biology, systematics and population genetics.  A leader in the international salmon genetics community, Dr. Moran recently facilitated a coast-wide multi-agency effort to standardize Chinook genetic analysis among ten Pacific Coast salmon laboratories.  He has experience with juvenile migration and habitat use in the Columbia River estuary and in other areas of the Pacific Northwest.  He will coordinate with the Chinook Technical Committee, (Pacific Salmon Commission), GAPS Consortium (Genetic Analysis of Pacific Salmonids, coast-wide genetic standardization laboratories), Oregon and Washington Departments of Fish and Wildlife, Colombia River Intertribal Fish Commission, US Fish and Wildlife Service, and others. Dr. Moran will have overall responsibility for coordination and direction of the genetic components of this study.

· Dr. John Skalski (UW, 0.06 FTE), Statistician, is an expert on fish and wildlife tagging studies and their application in the estimation of survivorship and migration characteristics.  Among his varied research and academic interests, he is currently working on the Cumulative Effects, Ecosystem Monitoring, and Juvenile Salmon Survival projects in the LCRE.  Dr. Skalski will provide statistical oversight and guidance for the study.

· Ms. Kathryn Sobocinski (PNNL, 0.40 FTE), Scientist, is research scientists at PNNL Marine Sciences Laboratory with experience sampling fishes and habitats in the LCRE.  She will help conduct the data collection and analysis parts of the study.  Ms. Sobocinski helped collect and analyze beach seine data from a 2004/2005 study of the juvenile salmon stranding from ship wakes in the tidal freshwater area of the Columbia River.  

· Ms. Sue Southard (PNNL, 0.40 FTE), Scientist, is a research scientist at PNNL Marine Sciences Laboratory with experience sampling fishes and habitats in the LCRE.  She will also help conduct the data collection and analysis parts of the study, as she did in the salmon stranding study.
· Dr. Ron Thom (PNNL, 0.05 FTE), Principle Investigator, is an expert on the ecological effects of habitat restoration in estuaries.  Dr. Thom manages the Coastal Assessment and Restoration Group at PNNL’s Marine Sciences Laboratory in Sequim, WA.  He is currently working in the LCRE on the Cumulative Effects, Ecosystem Monitoring, and Prioritization projects.  Dr. Thom will provide scientific oversight.

· Mr. David Ward (ODFW, 0.25 FTE), Fisheries Biologist, is an expert on Columbia River fish biology.  He has worked for the Oregon Department of Fish and Wildlife for 21 years, focusing his research on the Columbia River. Mr. Ward will lead the ODFW’s participation in the collection and analysis/interpretation of the data for habitat usage.  
Thomas J. Carlson
EDUCATION

B.S. Fisheries, University of Washington, 1971

M.S. Fisheries, University of Washington, 1974

Ph.D. Fisheries, University of Washington, 1979
CURRENT EMPLOYMENT

Senior Scientist, Ecology Group, Battelle, Pacific Northwest National Laboratory, Portland, Oregon 97204, (503) 417-7562, FAX (503) 417-2175, thomas.carlson@pnl.gov

EXPERTISE

Dr. Carlson is currently principal investigator for development of acoustic animal tracking systems and underwater noise characterization and assessment. He is also lead scientist and project manager for program and projects focused on assessment of the abundance, distribution, behavior, and survival of fish in freshwater and marine habitats.  Emphasis is on the use of acoustic, video, and light emitting technologies to perform fish population assessment tasks.  Recent projects include: 3-dimensional acoustic tracking of fish in shallow and confined environments, assessment of fish migratory behavior and abundance in shallow freshwater and estuarine environments, assessment of high energy hydrodynamic transients responsible for fish injuries in high energy dissipation environments, including hydroturbine and spill passage, the impact of high intensity sound generated by maritime construction on fish health, and the development and use of sensors to characterize the conditions fish experience during passage through turbine, spill, and other dam passage alternatives.

SELECTED PUBLICATIONS

Carlson, T.J. and co-authors. 2004. The sensor fish-making dams more salmon friendly. 2004. Sensors 21(7):31-34

Carlson, T.J. and co-authors. 2004. Six-Degree-of-Freedom sensor fish design: governing equations and motion modeling. Report to the DOE-AHTS program.

Carlson, T.J. and co-authors. Design of Acoustic 3D Tracking Arrays for Fish Behavior Studies.  Report to the US Army Corps of Engineers, Portland District, June, 2002

Carlson, T.J. and co-authors. 2001. Evaluation of the Fish Passage Effectiveness of the Bonneville I Prototype Surface Collector using Three-Dimensional Ultrasonic Fish Tracking.  Report to the US Army Corps of Engineers, Portland District, May, 2001

Carlson, T.J. and co-authors. 2001. Ultrasonic 3-D Tracking of Fish and Drogues Passing Through a Kaplan Turbine Intake.  Report to the US Army Corps of Engineers, WallaWalla District, April, 2001.

Earl M. Dawley

EDUCATION

B.S., Fisheries, University of Washington, 1968.
CURRENT EMPLOYMENT

Mr. Dawley is retired, but works as a consultant on selected projects.  He can be reached at 10562 Hwy. 30, Clatskanie, OR 97016, (503) 728 1430, dawleys@seasurf.net
EXPERTISE

Mr. Dawley worked for the National Marine Fisheries Service from 1977 to 2001.  He was 1977-1996 – Project Manager for evaluation of migration behavior and survival of juvenile salmonids migrating to and through the Columbia River estuary, National Marine Fisheries Service.  He evaluated juvenile salmon and steelhead migration behavior through the Columbia River Estuary and identified physical and biological aspects of the environment and fish stocks that affected survival.  His team used beach and purse seines at the upper extent of the estuary (up to RM 46), near the river mouth (RM 5-10), and in adjacent marine waters 0-5 mi from the mouth.  Mr. Dawley is an expert on juvenile salmon migration characteristics in the lower Columbia River and estuary.
SELECTED PUBLICATIONS

Ledgerwood, R. D., F. P. Thrower, and E. M. Dawley.  1991.  Diel sampling of migratory juvenile salmonids in the Columbia River estuary.  Fish. Bull., U.S.  89:69-78.

Dawley E. M.  1989.  Juvenile salmon survival study at Bonneville Dam.  In:  Smolt Survival Workshop--Proceeding of a workshop at University of Washington Laboratory, Friday Harbor, Washington.  1-3 Feb. 1989, edited by J. J. Anderson, D. D. Dauble, and D. A. Neitzel.  U.S. Dept. of Energy, Bonneville Power Admin., Portland, Oregon.  pp. 41-44. 
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David R. Geist
EDUCATION

B.S., Biology, Eastern Washington University, 1984

M.S., Biology, Eastern Washington University, 1987

Ph.D., Fisheries Science, Oregon State University, 1999
CURRENT EMPLOYMENT 

Staff Scientist, Ecology Group, Battelle, Pacific Northwest National Laboratory, Richland, Washington, 99352 (509) 372-0590  FAX (509) 372-3515  david.geist@PNL.gov

EXPERTISE
Dr. Geist has been a research scientist at Battelle since 1991.  He is lead scientist and project manager for several projects addressing environmental monitoring and technology application.  His experience and expertise is in fisheries behavior and ecology.  Dr. Geist is presently researching the importance of landscape processes in determining the utilization of spawning areas by fall chinook and chum salmon.  He is presently comparing the hyporheic habitats (the subsurface zones of rivers and streams where groundwater and surface water meet) of fall Chinook and chum salmon spawning habitat in the lower Columbia, Hanford Reach, and Snake River.  He has published more than a dozen papers on this topic.  Dr. Geist is a Fellow in the American Institute of Fishery Research Biologists, and an adjunct professor at Washington State University, Tri-Cities campus. 
SELECTED PUBLICATIONS
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Gary E. Johnson
Education

B.A., Mathematics and Marine Biology, University of California at Berkeley, 1976

M.S., Biological Oceanography, Oregon State University, 1981
CURRENT EMPLOYMENT

Staff Scientist, Coastal Assessment and Restoration Group, Battelle, Pacific Northwest National Laboratory, Portland, Oregon 97204, (503) 417-7567, FAX (503) 417-2175, gary.johnson@pnl.gov

EXPERTISE

Mr. Johnson has managed research projects for over 20 years.  Much of this work has and continues to be focused on juvenile salmon passage at dams and the development of successful surface flow outlets.  In addition, however, he works on research and monitoring in the lower Columbia River and estuary.  He currently is chairperson for the Estuary/Ocean Subgroup for federal RME, he manages the Cumulative Effects project PNNL is conducting for the Corps of Engineers, and he participates substantively on the Lower Columbia River Estuary Partnership’s Science Work Group.
SELECTED PUBLICATIONS
Johnson, G.E., S.M. Anglea, N.S. Adams, and T.O. Wik. 2005. Evaluation of the prototype surface flow bypass for juvenile salmon and steelhead at the powerhouse of Lower Granite Dam, Snake River, Washington, 1996-2000. N. Amer. J. Fish. Manag. 25:138-151.
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EDUCATION

B.S., Biology, Southern Oregon State College (1985)

M.S., Biology, Central Washington University (1988)

Ph.D., Zoology, University of Maine (1993)
CURRENT EMPLOYMENT

Research Geneticist, NOAA Fisheries, Northwest Fisheries Science Center, Conservation Biology Division, (1992 to present), Seattle, WA.  (206) 860-3245.
EXPERTISE

Dr. Moran has overall responsibility for coordination and direction of the genetic components of this project.  Research interests and activities include molecular phylogeography, quantitative and population genetics, and changes in the genetic structure of populations over various temporal scales.  Dr. Moran has 20 years of experience in molecular genetics research, including evolutionary biology, systematics and population genetics.  A leader in the international salmon genetics community, Moran recently facilitated a coast-wide multi-agency effort to standardize Chinook genetic analysis among ten Pacific Coast salmon laboratories.  He has experience with juvenile migration and habitat use in the Columbia River estuary and in other areas of the Pacific Northwest.  Moran is trained in hazardous materials emergency response, laboratory safety, environmental compliance, and hazardous materials shipping regulations.  
SELECTED PUBLICATIONS
Moran, P., D.J. Teel, E.S. LaHood, J. Drake, and S. Kalinowski.  2006.  Standardizing multi-laboratory microsatellite data in Pacific salmon: An historical view of the future.  Ecol. Freshwater Fish accepted.
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John R. Skalski
EDUCATION
B.S., Wildlife Management/Biology, University of Wisconsin, Stevens Point, 1974

M.S., Wildlife Science, Oregon State University, 1976

M.S., Biometry, Cornell University, 1978

Ph.D., Biometry, Cornell University, 1985

CURRENT EMPLOYMENT

Professor of Biological Statistics, School of Aquatic and Fishery Sciences, University of Washington, 1325 Fourth Avenue, Suite 1820, Seattle, WA  98101-2509, Phone (206) 616-4851, E-mail:  jrs@cbr.washington.edu

EXPERTISE

Dr. Skalski has over 25 years of experience as a fish and wildlife statistician.  He has written two book and approximately 80 papers on environmental, fish, and wildlife statistics.  His areas of expertise are design and analysis of mark-recapture studies and effects assessment on mobile species.  He teaches graduate-level classes in sampling theory, parameter estimation, generalized linear models, and population assessment. 

SELECTED PUBLICATIONS

Skalski, J. R., K. E. Ryding, and J. J. Millspaugh.  2005.  Wildlife demography:  Analysis of sex, age, and count data.  Academic Press, San Diego, CA.  636 pp.

Skalski, J. R., D. Mathur, and P. G. Heisey.  2002.  Effects of turbine operating efficiency on smolt passage survival.  North American Journal of Fisheries Management 22:493-500.

Bickford, S. A., and J. R. Skalski.  2000.  Reanalysis and interpretation of 25 years of Snake-Columbia River juvenile salmonid survival studies.  North American Journal of Fisheries Management 20:53-68. 

Skalski, J. R.  1998.  Estimating season-wide survival rates of outmigrating smolt in the Snake River, Washington.  Canadian Journal of Fisheries and Aquatic Sciences 55: 761-769.
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Kathryn L. Sobocinski

EDUCATION
B.A., Environmental Studies, Connecticut College, 1998

M.S., Aquatic and Fishery Sciences, University of Washington, 2003

CURRENT EMPLOYMENT

Staff Scientist, Pacific Northwest National Laboratory, Marine Sciences Laboratory, Sequim, Washington (360) 681-4588, Kathryn.sobocinski@pnl.gov.

EXPERTISE

Ms. Kathryn Sobocinski has worked on a variety of estuarine and nearshore marine ecology projects.  Ms. Sobocinski has experience with both flora and fauna in New England and the Pacific Northwest. Ms. Sobocinski has extensive experience with juvenile salmonids, especially related to prey resource assemblages along Puget Sound marine shorelines and in other west coast estuarine systems.  Recently, Ms. Sobocinski has been working in the tidal freshwater portion of the Columbia River, sampling both fish and vegetation.  Other experience includes surface water quality monitoring and compliance, marine fish ecology instruction at the Friday Harbor Labs, and time at-sea.  Ms. Sobocinski joined the Marine Science Laboratory (MSL) in April 2004.

SELECTED PUBLICATIONS

Kropp R.K., K.L. Sobocinski, C.W. May, G.D. Williams, J.A. Southard, M.R. Sackschewsky, and C.A. Duberstein. 2005. Aquatic Resources Program Endangered Species Act Compliance Project Covered Species Technical Paper: Marine Mammals, Selected Rockfish, Selected Anadromous Fish, Selected Freshwater Fish, Plants, and Selected Birds. PNWD-3626.  Prepared for the WDNR by Battelle, Pacific Northwest Division, Richland, WA.

Miller L.M. and K.L. Sobocinski. 2005. Letter report to LCREP describing activities completed under the 2005 EPA contract for acquiring and analyzing remotely sensed imagery.  PNWD-3637.  Prepared for LCREP by Battelle, Pacific Northwest Division, Richland, WA. 

Pearson W.H., M.C. Richmond, G.E. Johnson, S.L. Sargeant, R.P. Mueller, V.I. Cullinan, Z. Deng, B. Dibrani, G.R. Guensch, C.W. May, L.K. O'Rourke, K.L. Sobocinski, and H.M. Tritico.  2005. Protocols for Evaluation of Upstream Passage of Juvenile Salmonids in an Experimental Culvert Test Bed. PNWD-3525. Prepared for the Washington State Department of Transportation by Battelle, Pacific Northwest Division, Richland, Washington. 

Pearson W.H., J.R. Skalski, K.L. Sobocinski, M.C. Miller, G.E. Johnson, G.D. Williams, J.A. Southard, and R.A. Buchanan.  2005.  A Study of Stranding of Juvenile Salmon by Ship Wakes Along the Lower Columbia River Using a Before/After Design: Before Phase Result .  PNNL-15400.  Prepared for the U.S. Army Corps of Engineers, Portland District, Portland, Oregon by Pacific Northwest National Laboratory, Richland, WA
Susan S. Southard

EDUCATION

B.S., Zoology, Miami University, 1992

CURRENT EMPLOYMENT

Staff Scientist/Scientific Diver, Pacific Northwest National Laboratory, Marine Sciences Laboratory, Sequim, Washington (360) 681-3615 sue.southard@pnl.gov.

EXPERTISE

Ms. Susan Southard is a Research Scientist at the Battelle Marine Sciences Laboratory in Sequim, Washington.  Since joining the Sequim lab in 1999, she has performed fish population surveys, studied shading effects of overwater structures on nearshore marine habitats, evaluated juvenile salmonid upstream passage through culverts, monitored eelgrass transplant and reference sites, and conducted ecotoxicological bioassays.  Ms. Southard is a scientific diver for the laboratory, performing habitat and population estimates and assessments, habitat restoration, sediment sampling, equipment deployment, and underwater photography and videography.  She also provides support to diverse projects through technical writing, field sampling, and data processing and analysis.  Ms. Southard joined Battelle in 1994, working out of the Pacific Northwest National Laboratory in Richland, Washington.  
SELECTED PUBLICATIONS  (Note: Ms. Southard was formerly Ms. Sargeant)

Carlson T.J., D.L. Woodruff, GE. Johnson, N.P. Kohn, G.R. Ploskey, M.A. Weiland, J.A. Southard, and S.S. Southard. 2005. Hydroacoustic Monitoring During Pile Driving at the Hood Canal Bridge, September-November 2004. PNWD-3621.  Prepared for the Washington State Department of Transportation by Battelle, Pacific Northwest Division, Richland, Washington. 

Diefenderfer H.L., S.L. Sargeant, R.M. Thom, A.B. Borde, P.F. Gayaldo, C.A. Curtis, B.L. Court, D.M. Pierce, and D.S. Robison. 2004. Demonstration Dock Designed to Benefit Eelgrass Habitat Restoration (Washington). Ecological Restoration 22(2):140-141. 

Miller M.C., S.S. Southard, and N.R. Evans. 2005. Assessment of Potential Impacts to Eelgrass from a Proposed Float and Ramp in Auke Nu Cove, Alaska. PNWD-3638.  Prepared for PND Engineering, Juneau, AK by Battelle, Pacific Northwest Division, Richland, WA.  

Pearson W.H., R.P. Mueller, S.S. Southard, and C.W. May. 2005. Evaluation of Juvenile Salmon Leaping Ability and Behavior at an Experimental Culvert Test Bed . PNWD-3539.  Prepared for the Washington State Department of Transportation by Battelle, Pacific Northwest Division, Richland, Washington.

Pearson W.H., M.C. Richmond, G.E. Johnson, S.L.Sargeant, R.P. Mueller, V.I. Cullinan, Z. Deng, B. Dibrani, G.R. Guensch, C.W. May, L.K. O'Rourke, K.L. Sobocinski, and H.M. Tritico.  2005. Protocols for Evaluation of Upstream Passage of Juvenile Salmonids in an Experimental Culvert Test Bed. PNWD-3525. Prepared for the Washington State Department of Transportation by Battelle, Pacific Northwest Division, Richland, Washington.
Ronald M. Thom

EDUCATION

A.S., Natural Sciences, Long Beach City College, 1969  

B.S., Biological Sciences, California State College, Dominguez Hills, 1971  

M.S., Marine Algal Ecology, California State University, Long Beach, 1976  

Ph.D., Fisheries, University of Washington, 1978

CURRENT EMPLOYMENT

Senior Scientist, Manager Coastal Assessment and Restoration Group, Pacific Northwest National Laboratory, Marine Sciences Laboratory, Sequim, Washington (360) 681-3657 ron.thom@pnl.gov.

EXPERTISE

Dr. Ronald Thom, who leads the Coastal Assessment and Restoration technical group at the Battelle Marine Sciences Laboratory in Sequim, Washington, has over 30 years of professional experience as an algologist, wetlands ecologist, and fisheries biologist.  Dr. Thom's research is applied to marine and estuarine systems and includes habitat construction and restoration; effects of pollution; benthic primary production; climate change; invasive species; and ecology of fisheries resources.  Some of these important programs are listed below:
SELECTED PUBLICATIONS

H.L. Diefenderfer, R.M. Thom, and K. Hofseth. 2004. A Framework for Risk Analysis in Environmental Investments: The U.S. Army Corps of Engineers Restoration Project Planning Process."  In Economics and Ecological Risk Assessment: Applications to Watershed Management, A Volume in the Environmental and Ecological Risk Assessment Series.  PNNL-SA-37959.  Prepared for the U.S. Army Corps of Engineers, Institute for Water Resources, by Pacific Northwest National Laboratory, Richland, Washington; Battelle Marine Sciences Laboratory, Sequim, Washington.

Luoma S.N., W. Clements, T. Dewitt, J. Gerritsen, A. Hatch, P. Jepson, T. Reynoldson, and R.M. Thom. 2001. "Role of Environmental Variability in Evaluating Stressor Effects. Chapter 5 in Ecological Variability: Separating Natural from Anthropogenic Causes of Ecosystem Impairment, eds. Donald J. Baird and G. Allen Burton, Jr., pp. 141-179.  SETAC Press, Pensacola, FL.  

Thom R.M. G.D. Williams, and H.L. Diefenderfer. 2005. Balancing the Need to Develop Coastal Areas with the Desire for an Ecologically Functioning Coastal Environment: Is Net Ecosystem Improvement Possible? Restoration Ecology 13(1):193-203. 
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� This will involve Status and Trends Monitoring as defined by BPA (2005): “…census or statistically designed monitoring of fish or wildlife population and/or environmental conditions (i.e. watershed conditions) to assess the current status or change (trend) over time.  This is sometimes referred to as an observational study (ISRP, 2005).  These monitoring data may also be used to correlate fish performance with environmental conditions.”  Thus, our study will entail “Tier 2” monitoring.


� We use the term Action Effectiveness Research as defined by BPA (2005): “…research to determine the effects of an action or a suite of actions on….habitat conditions…”  This will be “Tier 3” monitoring.


� This question was recommended by the ISRP in comments on the FY06 proposal (ISRP 2005).


� Ecological importance refers to the effects the habitat structure has on ecosystem processes and functions (Thom 1987; Thom 2000).  In the present case, ecological importance means how the substrate, water velocity regime, bathymetry, vegetation, prey resources, etc. in the LCRE influence juvenile salmon production, growth, and survival.  Thom et al. (2004) provide a conceptual ecosystem model that outlines these relationships.  


� The number and location of sampling sites may be adjusted based on study results.
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