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A. Abstract and statement of innovation 
Pacific lampreys (Lampetra tridentata) in the Columbia River Basin (CRB) have declined to a remnant of their pre-1940s populations.  The Northwest Power Planning Council’s (NPPC’s) Fish and Wildlife Program (NPPC 1994) noted this decline and requested a status report identifying research needs.  This status report identified a need for information on lamprey abundance, current distribution, and habitat use.  More recently, the NPPC (2000) identified a need for any information necessary to restore the characteristics of healthy lamprey populations.  Much of what managers and policy makers in the Pacific northwest envisions for lamprey is now contained throughout the 64 subbasin plans that have been developed or in documents produced by the Columbia River Basin Lamprey Technical Workgroup.  The U.S. Fish and Wildlife Service at the Columbia River Fisheries Program Office has been collecting baseline data including adult and larval abundance estimates, larval distribution and habitat requirements, immigration and emigration timing, and spawning habitat requirements for lamprey on Cedar Creek, Washington since 2000.  To improve our understanding of the dynamic nature of lamprey in this watershed we are proposing to increase the rigor in quantitative assessments that would improve management and conservation efforts associated with lamprey.

For many years, biologists in the Great Lakes region have worked with sea lamprey (Petromyzon marinus) as an unwanted invasive species.  Although biologists in the CRB are trying to conserve native lamprey, many of the fundamental questions about lamprey population dynamics are similar in the two geographical regions.  Great Lakes’ biologists originally managed lamprey using qualitative measures of relative abundance.  However, they found these measures inadequate for their needs and have begun to use a new, Quantitative Assessment Sampling (QAS) Program (see Slade et al. 2003).  A rigorous, quantitative, large-scale approach to assessing Pacific lamprey populations in the northwest does not currently exist.  While a QAS program is well developed for sea lamprey, no such program exists for lamprey in the CRB.  Currently, lamprey assessments in the CRB are a mix of quantitative and qualitative techniques, are typically intermittent in geographic scope, and largely insufficient for adequate management.  By following the QAS protocols described for sea lamprey in the Great Lakes, we propose to develop a similar approach, specifically for the Cedar Creek in the Lewis River subbasin.  The QAS process and program that is developed for Pacific lamprey in Cedar Creek would provide a template for quantitative and consistent sampling of Pacific lamprey throughout the CRB.  This approach would fit directly with regional approaches to coordinated, systemwide assessments (i.e. CSMEP).  
B. Technical and/or scientific background

Three lamprey species (Lampetra tridentata, L. ayresi, and L. richardsoni) include the Columbia River Basin (CRB) within their geographic ranges (Kan 1975).  Pacific lamprey (L. tridentata) in the CRB have declined to only a remnant of their pre-1940s populations (Close et al. 1995) and the status of River lamprey (L. ayresi) and Western brook lamprey (L. richardsoni) is unknown.  Kan (1975) and Close et al. (1995) have suggested that the ecological, economic, and cultural significance of these species is grossly underestimated.  In 2003 the U.S. Fish and Wildlife Service (FWS) was petitioned to list all three lamprey species under the Endangered Species Act (ESA).  In 2004, the FWS decided that the petition did not have sufficient information to warrant a status review for any of the species (FWS 2004).  Though biological and ecological information for these species is available (e.g. Pletcher 1963, Beamish 1980, Richards 1980, Beamish and Levings 1991), few studies have been conducted within the CRB (Kan 1975, Hammond 1979).  From studies that have been conducted in the CRB it has become clear that migratory lamprey do not negotiate dams or ladders designed for salmon very well (see Moser et al. In Press).  However, relatively little is known about population structure, distribution and habitat use, abundance and the status of lamprey in the CRB.  One of the particular challenges is collecting this information in a rigorous and quantitative manner.

Lamprey have three distinct life history stages.  The Pacific lamprey ranges from Baja California to Alaska and is parasitic and anadromous (Scott and Crossman 1973).  Adults enter freshwater from July to October and spawning takes place the following spring (Beamish 1980, Beamish and Levings 1991).  Both sexes die after spawning (Kan 1975, Pletcher 1963).  Larvae, known as ammocoetes, hatch after approximately 19 days at 15 (C (Pletcher 1963).  Ammocoetes reside in fine sediment for 4-6 years (Beamish and Levings 1991) before they transform into juveniles known as macropthalmia.  Macropthalmia migrate to the ocean where they spend 1-4 years before returning to spawn as adults (Beamish 1980).  The western brook lamprey ranges from southern California to British Columbia (Scott and Crossman 1973).  They are non-parasitic and complete their entire life cycle in freshwater.  Spawning occurs from late April to early July.  After hatching, ammocoetes remain in the sediment nursery areas for 3 - 6 years (Pletcher 1963).  Mature ammocoetes metamorphose into adults and over-winter without feeding (Pletcher 1963).  
For management and conservation needs it is useful to consider the distribution and abundance of lamprey at each life history stage.  For stream-dwelling fishes, electrofishing is commonly used as a survey technique, particularly for larval and juvenile forms (Peterson and Rabeni 2001, Torgerson and Close 2003).  Electrofishing studies on the distribution and habitat associations of larval Pacific lamprey (Torgersen and Close 2003, Stone and Barndt 2005) have provided valuable information but have relied on information from sea lamprey capture efficiencies (see Steeves et al. 2003).  Torgersen and Close (2003) noted the need for quantitative assessments of the effectiveness of eletcrofishing on lamprey in the CRB.  Studies in the CRB on the abundance of Pacific lamprey juveniles and the timing of their migrations have typically used screw traps, designed to catch salmonids, and been plagued with extremely low and variable capture efficiencies (see Luzier and Silver 2005).  
To be useful, sample methods need counts that are relatively certain.  Models of species distribution and abundance can produce biased predictions (Peterson and Dunham 2003).  Common methods of population estimation often rely on estimating the average density of animals per unit area and expanding those by the total area.  Bias can result when sampling accuracy or precision are poor as well as when vulnerability to capture is low or variable.  Attempts to correct for some of this bias (e.g. through deletion methods) also relies on equal and consistent vulnerability to capture with no emigration or immigration from the area.  Typically, vulnerability (or capture efficiency) is unknown or not necessarily constant.  Capture efficiency can drop significantly between sampling efforts and be influenced by numerous habitat variables (see Mahon 1980, Kennedy and Strange 1981, Riley et al. 1993, Thurow et al. 2001) as well as fish size and density (see Peterson et al. 2004).  Failure to account for differences in capture efficiency introduces a systematic error into the data that can affect interpretation of distribution and habitat use patterns as well as estimates of abundance (see Bayley and Dowling 1993).  However, unbiased estimates can be obtained by quantifying accuracy and precision as well as adjusting original catch data with estimates from sample-efficiency models (Bayley and Dowling 1993).
It is also important that assessments of species distribution and abundance produce information that allow for generalizations to a larger scale than that at which the data was collected (CLS 1995).  Most specifically, this involves considering the appropriate sample framework (e.g. scale, location and number of sites, periods).  For lamprey, larvae are most commonly assessed by sampling multiple 1m2 quadrats (see Torgersen and Close 2003, Stone and Barndt 2005) which may or may not be chosen randomly.  Adult lamprey are typically assessed by evaluating index areas (which are usually not selected in a random nor spatially thorough manner) or, in limited cases, by attempting to conduct a complete census (see Le et al. 2004).  The absence of a random sample framework can greatly influence the ability to make generalizations from the data and estimates can often be bias (CLS 1995).  This emphasizes the need to explore the utility of spatially balanced, random sample frameworks for assessments of lamprey.  It may be possible to obtain unbiased, rigorous estimates of population abundance, trend and status by using probabilistic sample designs.  While this approach has not been used or evaluated for lamprey in the CRB, such an approach has been utilized for sea lamprey in the Great Lakes (Slade et al. 2003).

Identifying biological and ecological factors that limit lamprey in the CRB is critical for improving their status.  Availability and accessibility of suitable spawning habitat may limit the amount of reproduction that occurs within a basin.  Factors influencing survival of early life history stages may be critical to determining recruitment to the population (Houde 1987).  For example, Potter et al. (1986), and Young et al. (1990) suggest that larval lamprey (ammocoete) abundance is affected by water temperature and other physical habitat characteristics during early development.  Studying lamprey population dynamics is essential for developing and evaluating management plans (Van Den Avyle 1993).  Moreover, it is important to recognize that failure to account for (example) capture efficiency during sampling or to sample using a probabilistic framework can introduce significant and systematic error into estimates of lamprey distribution and habitat associations as well as abundance and status (see Peterson et al. 2004).  However, given proper sampling methods and information, we can understand status, population dynamics and make predictions about the future (Peterson and Dunham 2003).  Such assessments will not only allow us to understand lamprey status but also measure lamprey responses to restoration efforts and environmental disturbances.  Such knowledge may eventually allow the use of mathematical models to predict future trends relative to alternative management strategies.
Cedar Creek provides a unique opportunity to assess lamprey in the CRB and assist in their management.  Cedar Creek is a third-order tributary to the Lewis River (Figure 1).  The Lewis River enters the Columbia River at river kilometer 139, below any mainstem dams.  Assessment information for lamprey in Cedar Creek can be compared with information for lamprey assessed above mainstem dams and facilitate an evaluation of the Federal Hydropower System impacts lamprey.  In addition, the FWS has been assessing lamprey in Cedar Creek since 2000.  Continuing this work allows managers to build upon one of the longer time series of information on lamprey in the CRB.  Finally, the results of the work in Cedar Creek (i.e., Quantitative Assessment Sampling) are applicable to and can help guide sampling efforts and assessments in other CRB tributaries.
Figure 1.  The Lewis River subbasin.  Cedar Creek is a third order tributary. 
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C. Rationale and significance to the Council’s Fish and Wildlife Program

Generally, the work being proposed will estimate population characteristics of an anadromous species of lamprey and asses their variability across varying habitats.  Because Cedar Creek is not directly affected by mainstem hydropower facilities (i.e. passage issues), it is intended to function as a reference site.  Reference information will be useful in determining characteristics describing healthy and naturally-selected populations as well as providing information used to infer effects of varying ocean conditions when compared to Pacific lamprey residing upstream of mainstem facilities.  Thus, our project will have synergistic effects because our results will facilitate evaluations of the efficacy of restoration actions conducted by other entities focused upstream of mainstem hydropower facilities.  

Subbasin Plans –

From the lower Columbia River, at least three subbasin planning documents call for various actions associated with lamprey.  These three documents are the Lower Columbia Salmon Recovery and Fish and Wildlife Subbasin (LCSR), Lower Columbia and Columbia Estuary Bi-State Subbasin (LCCE) and NF and EF Lewis River (NFEF) subbasin plans.  The LCSR Plan (LCSR 2005) includes the Lewis River Subbasin and identifies Pacific lamprey an integral part of the Lower Columbia River ecosystem.  The LCSR and LCCE (LCCE 2005) plans list Pacific lamprey as a species of ecological, cultural and economic significance and consider them a focal species.  While relatively little is known about status of lamprey, most data suggests that numbers of Pacific lamprey (in particular) have experienced declining or variable trends in recent years.  These declines have been concurrent with hydroelectric development and other habitat changes.  The LCSR Plan specifically points to lamprey in this subbasin having been adversely affected by loss of habitat.  The LCSR Plan suggests that Pacific lamprey are limited by many of the same factors and threats as salmon, particularly habitat and ecological interactions.

The LCCE Plan states that strategies and measures to return selected historic lamprey populations in the lower Columbia River to viability are among the highest levels of importance.  Throughout all the plans, the goal for Pacific lamprey is to reverse the decreasing abundance trend and provide increasing numbers that support self-sustaining, viable populations.  Each plan calls for populations to be managed so that populations can meet cultural and ecological needs.  All the plans acknowledge that these goals will require substantial increases in our understanding of the species.  The NFEF Plan (NFEF 2005) discusses a lack of data and little research on Pacific lamprey, and identifies both as necessary.  Generally, the LCSR Plan calls for work to identify the status, limiting factors, and management alternatives for lamprey.  More specifically, the LCSR Plan identifies present research needs which include determining adult swimming and migratory capabilities, the degree of spawning site fidelity, rectifying difficulties in adult abundance estimates because of repeated up and downstream movement, quantifying the level of predation on migrating adults, identifying spawning locations and habitat characteristics, evaluating incubation survival, as well as determining habitat requirements and duration of freshwater residency of juvenile (or larval) lamprey.  In addition, the LCCE Plan calls for documentation of ecological interactions of and habitat use by Pacific lamprey.  These plans specifically call for work in the subbasins as well as the mainstem and estuary. 

The work we are proposing is directly related to the needs identified in each of these three subbasin planning documents.  We are proposing to continue research and generate data that will 1) develop and describe methods and techniques to evaluate distribution and abundance, 2) evaluate the ecological status (distribution, abundance, trends in abundance) and 3) evaluate early rearing habitat associations.  We will generate information specific to lamprey in Cedar Creek, a tributary to the Lewis River.  Given that the LCSR Plan calls for various restoration actions (i.e. habitat), the information we gather may be used, concurrently or retrospectively, to help assess the effectiveness of any such actions.  In addition, information on techniques and sampling methodologies that we generate can be used across subbasins while estimates on trend in abundance (for example) may be used to make inferences about the subbasin or Province as a whole.

Columbia River Basin Fish and Wildlife Program – 

The Columbia River Basin Fish and Wildlife Program (Program) of the Northwest Power and Conservation Council (NPCC, formerly the Northwest Power Planning Council) also calls for action associated with lamprey.  Specifically, the Basin Level Biological Objectives of the Program discuss the need to obtain basic information on lamprey in order to begin restoring the characteristics of healthy populations (NPPC 2000).  In addition, Program objectives call for monitoring and evaluation actions to recognize and take into account the effect of varying ocean conditions and, to the extent feasible, separate the effects of ocean-related mortality from that caused in the freshwater part of the life cycle.  Finally, the Program recognizes the value of projects being part of a collaborative effort and having synergistic effects with actions implemented by other entities.  

The work we are proposing is directly related to the needs identified in the Program.  We are proposing to continue research and generate data that will provide basic information to inform restorations actions.  While the work we are proposing would be (and has been) closely coordinated with other lamprey projects in the basin, results from our work would help inform and improve other projects in the basin.  

Columbia River Basin Lamprey Technical Workgroup (Critical Uncertainties for Lamprey in the Columbia River Basin, April 2005 report) - 

The Columbia River Basin Lamprey Technical Workgroup (CRBLTW), a subcommittee of the Anadromous Fish Committee of the Columbia Basin Fish and Wildlife Authority (CBFWA), has been charged with prioritizing critical information needs for lamprey in the basin and coordinating technical activities associated with lamprey in the basin.  The function of the group has been endorsed by state, federal and tribal governments as well as CBFWA and the NPCC, each which also have membership in the group.  The CRBLTW recently generated a report (Stone et al. 2005) capturing and prioritizing the most urgent critical uncertainties related to lamprey in the Columbia River Basin (CRB).  The report was reviewed and supported by the Anadromous Fish Committee, the Resident Fish Committee, and the Members Management Group, of CBFWA.  The Members of CBFWA endorsed this report to guide lamprey conservation, management, research and funding decisions in the CRB.
The ultimate purpose of the report was to determine and prioritize the critical uncertainties for Columbia River Basin (CRB) lamprey species.  These species are: Pacific lamprey (Lampetra tridentata), river lamprey (L. ayresi), and western brook lamprey (L. richardsoni).  Generally, the report indicated that priority lamprey research should focus on status, biology and ecology, population delineation, passage, population dynamics, and limiting factors analysis.  In general, the report prioritized the needs over the next five years (the period encompassed by this solicitation) as better understanding of status, distribution, and genetic structure, development of standardized sampling and monitoring methods, comprehensive summary of historical data, coordinated lamprey management plans, and the development of a CRB lamprey conservation plan.  More specifically, the report prioritized critical uncertainties for anadromous lamprey associated with 1) status, 2) passage, 3) population delineation, 4) limiting factor analysis, 6) biology and ecology and 7) populations dynamics.  While the specific order was slightly different, the report had a similar list of priorities for resident lamprey.  The report then suggested different strategies to approach these priorities.    

The work we are proposing specifically addresses critical uncertainties identified by the Columbia River Basin Lamprey Technical Workgroup (CRLTW) (see Stone et al. 2005).  Specifically, the CRLTW report prioritized critical uncertainties for anadromous lamprey as those associated with 1) status, 2) passage, 3) population delineation, 4) limiting factor analysis, 6) biology and ecology and 7) populations dynamics.  The work we are proposing is directly related to the priorities identified in the CRBLTW report.  We are proposing to continue research and generate data to a) develop standardized sampling protocols to assess adult and juvenile abundance and distribution (priorities 1, 4, 6, 7), b) define, improve, and continue distribution and abundance indices (priorities 1, 4, 7), c) document habitat preferences and habitat availability for various life stages of anadromous lamprey (priorities 4, 6), e) assess life history characteristics (priority 6).
D. Relationships to other projects

In addition to the work we are proposing, BPA has funded lamprey projects in Cedar Creek (200001400), the Warms Springs Reservation (200201600) and one that encompasses the Columbia River Basin (200716500).  The project we are proposing would continue to include direct collaboration with the sponsors of each of the these projects on (for example) experimental design, sampling techniques, and interpretation of results.  Much of this work is associated with the distribution, abundance and trends in abundance of lamprey in specific areas (below Bonneville Dam, above Columbia River dams, and above Snake River dams) and, if done properly, may also be used to evaluate how lamprey from these areas potentially contribute to the status of lamprey as a whole.  To facilitate the comparison and integration of data, projects are using similar protocols where possible.  In addition, we have initiated work on sampling efficiency that will provide information to further guide a collaborative approach to each of these studies.  We are proposing to assess the utility of probablistic sampling frameworks for lamprey.  Ultimately, this information is necessary for lamprey status and ecology to be assessed quantitatively.  Our efforts to help coordinate and assist in the development of sampling protocols which facilitate standard approaches to monitoring lamprey, the results of which could be rolled up across multiple geographical scales, are consistent with the missions of the Pacific Northwest Aquatic Monitoring Partnership (PNAMP) and the Collaborative Systemwide Monitoring and Evaluation Project (CSMEP) ( BPA project 200303600).  BPA currently funds CSMEP.  Personnel from the project we are proposing would participate regularly in the CSMEP process and, through this collaboration, insure that lamprey are included in CSMEP considerations.

Much of the current coordination on BPA-funded lamprey projects occurs through the CRBLTW.  Our proposed research objectives target many of the agreed upon research priorities identified by the CRBLTW (Close et al. 2002, Stone et al. 2005) as well as agreed on activities, such as attempting to use common methods for capturing adult and ammocoete lamprey and for evaluating habitat use.  All of the above referenced BPA-funded projects have membership on the CRBLTW.  The Northwest Power and Conservation Council, ISRP, BPA, and CBFWA managers have indicated that the Columbia River Lamprey Technical Workgroup (CRLTW) should be the primary group helping to provide guidance and coordination as well as foster collaboration between lamprey projects funded by BPA.  The work we are proposing includes collaboration, specifically through the CRLTW, on (for example) experimental design, sampling techniques, and interpretation of results as well as information transfer and assistance to managers.

The activities in the proposed project reflect some of those called for in three subbasin planning documents (Lower Columbia Salmon Recovery and Fish and Wildlife Subbasin, Lower Columbia and Columbia Estuary Bi-State Subbasin as well as NF and EF Lewis River Subbasin), and in the Columbia River Basin Fish and Wildlife Program.  The proposed project will be conducted in collaboration with the Washington Department of Fish and Wildlife to evaluate and determine ecological relationships of fish populations in Cedar Creek.  This collaborative efforts is designed to guide and evaluate coordinated habitat protection, restoration, and enhancement projects ongoing in the basin by Clark County, National Resource Conservation Service, Clark County Conservation District, Pacificorps, and Fish First. 

E. Proposal objectives, work elements, methods, and monitoring and evaluation

Overview.

To increase the quality of the information gained from our prior work in Cedar Creek, we will attempt to improve sampling methods and, consequently, our ability to assess larval lamprey distribution and abundance. The proposed work will allow us to develop improved protocols to assess lamprey populations.  As methods are improved they will be adapted into the assessment protocols.  Both of these activities would occur from FY 07-08.  Given that lamprey are a trust species of the U.S. Fish and Wildlife Service (FWS), it would be appropriate for the FWS to coordinate with the Lamprey Technical Working Group and conduct routine assessments after FY 08.
Precautions have been taken to reduce the effects of sampling on non-target species, such as salmonids.  Electrofishing techniques (frequency, voltage, etc.) used to capture larval and juvenile lamprey are significantly different than those used to capture salmonids.  When electrofishing for lamprey, salmon have an opportunity to leave the area being sampled and are generally not stunned (no tetanus is induced) by the electrofishing techniques.  
Goal.  Estimate the abundance and production of Pacific lamprey macropthalmia (juveniles).

Objective 1.  Use physical characteristics of larval lamprey to develop models which predict the probability of metamorphosis.
Method.  Biologists in Europe and the Great Lakes region have developed models to make predictions about metamorphosis in larval lamprey (for example see Slade et al. 2003).  Whether larval lamprey will (or are able) to go through metamorphosis appears to depend on length (see Griffiths et al. 2001) as well as weight and condition (see Holmes and Youson 1994).  It has been suggested that the relationship between larval condition and metamorphosis is closely associated with the proportion of fat (as an energy reserve) in the larvae (see Youson et al. 1993).  It may be possible to measure any or a combination of these characteristics and predict which larvae with transform (Youson et al. 1993).   Despite extensive research on a variety of lamprey species, little or no work has been done with Pacific lamprey to develop predictive models of macropthalmia production.  Thus, we will evaluate the ability to use morphological characteristics to predict whether larval lamprey in Cedar Creek will transform into macropthalmia.  Larval lamprey will be collected from throughout Cedar Creek and then transported to a lab for holding, rearing and experimentation.

Tasks.

Task 1.1.  Collect approximately 50 larval lamprey in the fall and spring.  Based on literature for other species, collect lamprey that are above and below suspected threshold values for metamorphosis to initiate (e.g. total length = 100 mm, condition factor = 1.20). (2007-2008)

Task 1.2.  Measure the total length and weight of each lamprey as well as calculate their condition factor.  Apply elastomer marks to identify each individual. (2007-2008)

Task 1.3.  For lipid content to be a useful predictor of transformation in lamprey, it will be necessary to determine a non-lethal method to measure lipid in naturally-produced animals.  Possible methods are hydrostatic weighing (HW) (Brozek et al. 1963), total body electrical conductivity (TOBEC) (Novinger and Del Rio 1999), or using condition factor as a surrogate.  In the fall of 2007 we will collect approximately 24 larvae.  We will calculate the condition factor of each larvae.  We will then estimate lipid concentration for each larvae using HW and TOBEC methods.  To determine actual lipid concentration we will then perform standard chloroform-ether extractions (CME) (Lee et al. 1996). Condition factor as well as estimates of lipid from the HW and TOBEC methods will then be regressed on actual lipid values from the CME protocol.  If we can determine an accurate and non-lethal manner to measure lipid content in larval lamprey, we will use that to measure lipid content of the animals collected in 2008 (see Task 1.2).

Task 1.4.  Rear all the larvae in a lab, using standard rearing procedures already developed for Pacific lamprey (M. McGree Personal Communication).  Evaluate the proportion that go through metamorphosis the following season.
Task 1.5.  Evaluate ability of physical characteristics to predict metamorphosis.  Use a logistic regression to examine the probability of metamorphosis as a function of various morphological characteristics.  Describe the model that best fits the data.
Goal.  Establish a rigorous, probabilistic, quantitative approach to assessing Pacific lamprey populations in the Columbia River Basin. 

Objective 2.  Develop a Quantitative Assessment Sampling Program for lamprey in Cedar Creek.
Method.  For many years, biologists in the Great Lakes region have worked with sea lamprey (Petromyzon marinus) as an unwanted invasive species.  Although biologists in the CRB are trying to conserve native lamprey, many of the fundamental questions about lamprey population dynamics are similar in the two geographical regions.  Great Lakes’ biologists originally managed lamprey using qualitative measures of relative abundance.  However, they found these measures inadequate for their needs and have begun to use a new, Quantitative Assessment Sampling (QAS) Program (see Slade et al. 2003).  In summary, this approach involves 1) identifying randomly-selected sample reaches in streams throughout a subbasin, 2) describing habitat in the subbasin using a three-strata classification, 3) conducting larval sampling using single-pass electrofishing at a standardized rate and 4) using information on capture efficiency to estimate larval density, abundance and size structure, 5) applying information on the probability of metamorphosis to estimate macropthalmia production. 

A rigorous, quantitative, large-scale approach to assessing Pacific lamprey populations in the northwest does not currently exist.  While a QAS program is well developed for sea lamprey, no such program exists for lamprey in the CRB.  Currently, lamprey assessments in the CRB are a mix of quantitative and qualitative techniques, are typically intermittent in geographic scope, and largely insufficient for adequate management.  By following the QAS protocols described for sea lamprey in the Great Lakes, we propose to develop a similar approach, specifically for the Lewis River subbasin.  The work being proposed will build off work in Cedar Creek which gathers basic but necessary information for Pacific lamprey, and use that information to help develop a QAS program for lamprey in the Lewis River subbasin.  The development of this program will rely heavily on the information gained from previous work in Cedar Creek, Objectives 1-3 of the proposed work, and the results of other work in the CRB.  The QAS process and program that is developed for Pacific lamprey in the Lewis River subbasin would provide a template for quantitative and consistent sampling of Pacific lamprey throughout the CRB.  This approach would fit directly with regional approaches to coordinated, systemwide assessments (i.e. CSMEP).  The CRLTW assisted in the development of the QAS objective of the proposed work and, in part, developed proposal 200716500 in response to the need to base the management of Pacific lamprey on broad, quantitative assessments. 

Tasks.

Task 2.1.  Based on the measured and perceived habitat characteristics as well as larval lamprey densities in Cedar Creek, divide creek into sampling units. 

Task 2.2.  Determine specific sample sites as well as sampling periods and frequency.  
Task 2.3.  Develop a 2-stage sample design for estimating the total area of larval habitat and the density of larvae in Cedar Creek.
Task 2.4.  Develop larval habitat classifications, based on the 3 strata described in Slade et al. (2003), and an approach to physically assess larval habitat in Cedar Creek.
Task 2.5.  Develop a plan to conduct larval lamprey sampling, using a single pass, standard effort over a measured area.  
Task 2.6.  Develop an approach to calculate larval density and abundance.  This calculation would require information on capture efficiencies.
Task 2.7.  Based on the information gathered in Objective 1 of this proposal (on larval growth and the probability of metamorphosis) and the sampling planned in Task 2.5, develop an approach to estimate the production of macropthalmia from tributaries in Cedar Creek.
Task 2.8.  Synthesize a Quantitative Assessment Sampling Program for the Cedar Creek which can be used as a template for the CRB.
F. Facilities and equipment 

Existing facilities at USFWS CRFPO are adequate for the purposes of this study.

- USFWS CRFPO has adequate office space, microcomputers, and statistical software suitable for data entry, statistical analysis, manuscript and report preparation.

- USFWS CRFPO maintain a fleet of GSA and Department of Interior motor vehicles; these vehicles are generally replaced every 60,000 miles, and therefore remain in reasonable working order. 

-USFWS CRFPO has suitable backpack electrofishers, dipnets, balances, McNeil substrate samplers, Marsh-McBirney water velocity meters, conductivity meters and measuring boards in good working order for capturing larval lamprey and collecting ammocoete biological and physical habitat information.

-USFWS CRFPO maintains a working relationship with numerous fish rearing facilities (such as Abernathy Fish Technology Center) where larval lamprey can be held and reared.
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