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a. Abstract 
Pacific lamprey (Lampetra tridentata) in the Columbia River basin have declined to a remnant of their pre-1940s populations.  The Northwest Power Planning Council’s Fish and Wildlife Program has noted the decline and identified the need for information necessary to restore the characteristics of healthy lamprey populations.  Studying the biology, population dynamics, ecology, identification, as well as the relationships among sympatric species of lampreys (L. ayresi, and L. richardsoni) in the Columbia River basin will assist in rehabilitating Pacific lamprey populations.  Since 2000, the U.S. Fish and Wildlife Service at the Columbia River Fisheries Program Office has been collecting quantitative baseline data, including adult and larval abundance estimates, larval distribution and habitat requirements, immigration and emigration timing, and spawning habitat requirements for lamprey in Cedar Creek, Washington.  The proposed project is to conduct a survey for lamprey in other tributaries of the lower Columbia River basin to identify two additional sites in which to perform work similar to the ongoing project in Cedar Creek.  The proposed and ongoing projects will provide baseline references to characteristics and variability of lamprey that are not directly influenced by reservoirs and passage impediments at hydropower facilities in the mainstem Columbia River.  This information is intended to contribute to evaluating restoration efforts performed upstream of mainstem hydropower facilities and assist in assessing effects of ocean conditions on lamprey populations.
b. Technical and/or scientific background
Pacific lamprey (Lampetra tridentata), western brook lamprey (L. richardsoni), and river lamprey (L. ayresi) occur within the Columbia River basin (Kan 1975).  Pacific lamprey is highly regarded for cultural uses by Native American tribes, has been commercially harvested, and performs important ecological functions within aquatic ecosystems, such as providing sources of prey (Close et al. 1995) and perhaps nutrients derived from decomposing adults.  Although protocols for counting fish at Columbia River and Snake River dams have varied and have not been standardized, counts at all dams consistently indicate that current abundance of Pacific lamprey has substantially declined from levels observed earlier (e.g., Close et al. 1995; Close 2001).  Several factors likely contributed to declines in Pacific lamprey in the Columbia River basin, such as adult and juvenile passage problems at dams; degradation and loss of spawning and rearing habitats; declines in abundance of marine prey; and some fishery management practices (e.g., chemical rehabilitation of streams).  

Biological and ecological studies specifically focused on Pacific lamprey have been conducted in Canadian river basins (e.g. Pletcher 1963, Beamish 1980, Richards 1980, Beamish and Levings 1991), however, relatively little work addressing Pacific lamprey in the Columbia River basin has been performed.  The Fish and Wildlife Program of the Northwest Power Planning Council noted declines in Pacific lamprey and supported development of a status report on Columbia River Pacific lamprey, which was completed in 1995 (i.e., Close et al. 1995).  The status report reviewed cultural and ecological roles of Pacific lamprey, biological and life history relations, and factors influencing populations.  The report also included recommendations for immediate management actions to benefit Pacific lamprey (e.g., initiating monitoring at dams, eliminating impediments to passage, and funding research and restoration) and recommendations for research and data gathering (e.g., determining current abundance and distribution, determining limiting factors for passage and habitat, and identifying potential application for transplantation and artificial propagation).

Several research and management activities have been initiated since 1995 to address recommendations made in the Pacific lamprey status report, including the formation of the Columbia Basin Pacific Lamprey Technical Work Group.  The work group provides a forum to discuss issues, coordinate ongoing projects, and identify future needs.  Close et al. (2001) reported the progress on activities conducted through 1999 by the Confederated Tribes of the Umatilla Indian Reservation and collaborators to generate information necessary to restore and manage Pacific lamprey in the Columbia River basin.  Activities included compiling traditional knowledge of Pacific lamprey from tribal members and conducting a spatial survey of larval Pacific lamprey within and among river basins in northeast Oregon and southwest Washington; investigating relations of acute stress and implanted radio tags on physiological responses and swimming performance; describing genetic characteristic of Pacific lamprey collected from numerous areas within the Columbia River basin; evaluating techniques used in fish culture (e.g., holding, spawning, and fecundity of adults; and egg incubation); determining proclivity of displaced adults to home to areas of capture; and planning projects and information needs for Pacific lamprey.  Examples of ongoing projects contributing information on Pacific lamprey include developing keys to identify larvae of the three lamprey species in the Columbia River basin and assessing thermal requirements (Bayer et al. 2001a); evaluating feasibility of using radio telemetry to investigate freshwater migration, behavior, and habitat use of adult Pacific lamprey (Bayer et al. 2001b); and determining distribution, abundance, life history characteristics, and limiting factors of lamprey in the Clearwater River, Idaho (Cochnauer and Claire 2001) and Cedar Creek, a tributary of the Lewis River, Washington, (Stone et al. 2001), which is located downstream of mainstem hydropower facilities in the Columbia River.  

The overall purpose of completed and ongoing projects is to generate information (e.g., distribution, abundance, life history, and limiting factors of Pacific lamprey) necessary to restore and manage Pacific lamprey and its habitats in the Columbian River basin.  Because most work is being conducted in tributaries upstream of mainstem hydropower facilities, the ongoing project in Cedar Creek is intended to yield baseline data for Pacific lamprey where they are not directly influenced by reservoirs and passage impediments associated with mainstem hydropower facilities.  We propose to expand the scope of the ongoing study in Cedar Creek to include at least two additional streams in the lower Columbia River basin.  The intent is to survey several streams for Pacific lamprey, and select two additional streams where lamprey are found and whose habitats vary considerably from each other and from those present in Cedar Creek (e.g., for gradient, size, flow, and proximity to the estuary).  We would then study the distribution, abundance, habitat associations, and life history characteristics of all lamprey species in the two streams similarly to that being conducted in Cedar Creek.  Because effects of natural disturbances (e.g., floods, droughts, ocean conditions) and the importance of human-induced perturbations (e.g., habitat degradation, restricted access to habitats, reduced water quality) cannot be fully interpreted without a reference to natural variation (Schlosser 1990; Elliott 1994; Wiens and Parker 1995), estimates and associated variability in life history attributes of lamprey populations will contribute to evaluating restoration efforts performed upstream of mainstem hydropower facilities by providing reference sites and assist in assessing effects of ocean conditions. 

c. Rationale and significance to Regional Programs
The proposed project relates to the Columbia River Basin Fish and Wildlife Program overall (Northwest Power Planning Council (NPPC) 2000), and specifically to recommendations in some draft subbasin summaries for the lower Columbia River Province.  For the Program, the proposed project is especially pertinent to four aspects:

1. An objective for biological performance of anadromous fish losses is to “Obtain the information necessary to begin restoring the characteristics of healthy lamprey populations” (p. 19, NPPC 2000).

2. A policy under the artificial production strategies is that “Naturally selected populations should provide the model for successful artificially reared populations, in regard to population structure, mating protocol, behavior, growth, morphology, nutrient cycling, and other biological characteristics” (p. 29, NPPC 2000).

3. A strategy in identifying the effects of ocean conditions on anadromous fish is that “Monitoring and evaluation actions should 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” (p. 43, NPPC 2000).

4. A criterion for determining priority of projects in the absence of subbasin plans is that proposals “Are part of a collaborative effort with other entities or have synergistic effects with actions implemented by other entities” (p. 79, NPPC 2000).
The proposed project will estimate population characteristics and their variability across varying habitats.  Because the streams are not directly affected by reservoirs and passage impediments at mainstem hydropower facilities in the Columbia River, they are intended to function as partial control sites for the hydropower facilities.  Reference information will be useful in determining characteristics describing “healthy” and naturally selected populations, as well as, providing information that can be used to infer effects of varying ocean conditions when compared to Pacific lamprey residing upstream of mainstem facilities.  Thus, our proposed 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.  

In the lower Columbia River province, draft summaries (i.e., the Northwest Power Planning Council has not reviewed or approved the documents) are available for the Cowlitz River (Dammers 2001), Kalama River (Weinheimer 2001), Lewis River (Byrne 2001a), lower Columbia River and Columbia River estuary (Marriott 2001), Sandy (Sieglitz 2001), Washougal River (Byrne 2001b), and Willamette (Bastasch 2001) subbasins.  The lack of information on Pacific lamprey in subbasins is noted in most summaries, and generating information to restore and manage Pacific lamprey (i.e., determining abundance, distribution, status of naturally reproducing populations, and survival by life history stage) is an identified fish and wildlife need in some summaries.  Moreover, Pacific lamprey is considered an indicator species of aquatic ecosystem health (Bastasch 2001).  The proposed project is intended to address information needs identified in the subbasin summaries and evaluate ways in which it may be collected.

d. Relationships to other projects 
The proposed project will complement both current and proposed lamprey work in the Columbia River basin.  It is modeled after the ongoing project, “Evaluate habitat use and population dynamics of lampreys in Cedar Creek--BPA contract 200001400.”  Objectives of the Cedar Creek project are to: 1)  estimate the abundance of larval and adult lamprey and measure biological characteristics; 2)  determine larval distribution and habitat use; 3)  determine outmigrant timing of larvae and macropthalmia; 4)  evaluate spawning habitat requirements; and 5)  evaluate homing fidelity, survival rates, and ocean residence.  The proposed project shares objectives 1-4 with the Cedar Creek project and expands their spatial scope to two additional streams, which will be identified by surveying several tributaries to the lower Columbia River during the first year of the proposed project.  These objectives and those of the ongoing project, “Evaluate status of Pacific lamprey in the Clearwater River drainage, Idaho–BPA contract 00000090–00001,” are similar in generating life history information, and comparisons between results of the two projects may yield insights into factors influencing Pacific lamprey in both areas of the basin and potential restoration approaches.  Expanding areas surveyed for lamprey in the proposed project may improve the likelihood of collecting river lamprey, which could identify sources for individuals to be used in other ongoing projects (e.g., “Identification of larval Pacific, river, and western brook lampreys and thermal requirements of early life history stages of lampreys–BPA contract 00AI23249”).  The estimates and variability of lamprey abundance and life history characteristics generated by the proposed project will assist in evaluating restoration efforts likely to be implemented elsewhere in the basin.

e. Project history (for ongoing projects) 

Not applicable, this is a new project.

f. Proposal objectives, tasks and methods
The overall purpose of the proposed project is to generate information concerning distribution, abundance, life history, and habitat relations for the three species of lamprey in tributaries of the lower Columbia River basin.  The data are intended to provide baseline references to the characteristics and variability of lamprey that are not directly influenced by reservoirs and passage impediments at hydropower facilities in the mainstem Columbia River.  Our approach is to conduct a spatial survey for juvenile lamprey in tributaries of the lower Columbia River basin during the first year of the project.  Information from the survey will be used to identify two streams in which lamprey distribution, abundance, life history, and habitat relations will be studied in following years of the proposed project, complementing an ongoing project in Cedar Creek, Washington.

Objective 1:  Identify and survey additional streams in the lower Columbia River basin that may be suitable study sites to complement ongoing lamprey work in Cedar Creek.  (Year 1)

Task 1.1:  Confer with personnel from Washington Department of Fish and Wildlife, Oregon Department of Fish and Wildlife, and other agencies to determine potential study streams.  Consideration will be given to streams where ongoing or previous work focused on other species may have generated information on lamprey species, or where mutual benefits to ongoing work and the proposed project can be gained.  In addition to contacting biologists, we will search agency reports and data bases for information pertinent to lamprey and habitats in streams (e.g., species accounts, habitat surveys, flow and water temperature records).

Task 1.2:  Conduct field surveys in up to five streams identified as potentially suitable for study sites.  The field survey will include characterizing aquatic habitats, sampling for lamprey larvae, and determining access and feasibility of installing traps and weirs in some stream reaches.

Aquatic habitats will be characterized according to type (Hawkins et al. 1993).  All habitat data will be entered into a Geographical Information System (GIS) for presentation and analysis purposes.  Stream access and suitability to accommodate traps and weirs will be noted.

Within a stream, sampling for lamprey larvae will entail identifying sample reaches of apparent suitable habitat and electrofishing to determine the presence and abundance of larvae.  Transects will be systematically established within reaches and each transect will include two electrofishing points.  Sampling points will be located at 1/3 and 2/3 the wetted width of a transect or at the wetted margins of a transect, with the locations of sampling points alternating between adjacent transects within a reach (Stone et al. 2001).  Sampling points will consist of a 1.0 m2 area in which the abundance of larvae, including descriptive statistics and probability of capture, will be estimated using multiple electrofishing passes for depletion sampling (White et al. 1978; Pajos and Weise 1994).  Sampling will be conducted with a ABP-2 electrofisher and the species, length, and weight will be recorded for all captured lamprey.  Habitat at sampling points will be described by measuring water velocity, depth, substrate size, and canopy density (Platts et al. 1983).  
Task 1.3.  Select two streams as study sites for future work.  Results of the field survey (aquatic habitats, lamprey information, and suitability of stream reaches for traps and weirs) and consideration of overall logistical concerns and potential interactions with other projects will be analyzed to select study streams.

Objective 2:  Estimate distribution, abundance, biological characteristics, and habitat associations of lamprey larvae in two streams selected for further study.  (Years 2-4).

Task 2.1:  Conduct surveys to determine distribution and abundance of lamprey larvae in each stream.  Sampling methods using electrofishing described under task 1.2 will be performed annually to determine distribution of larvae and estimate abundance.

Task 2.2:  Describe biological characteristics of lamprey collected under Task 2.1.  All larvae collected will be anesthetized with MS-222 (Summerfeldt and Smith 1990), identified to species, and measured for length and weight.  A sample of lamprey will be sacrificed for statolith and genetic analyses.

Task 2.3: Collect habitat information to determine habitat associations with lamprey larvae.  Conduct habitat survey described under Task 1.2 and describe habitats at reach, transect, and sampling point scales.  Analyze lamprey information (presence, abundance) relative to habitat data using appropriate methods (e.g., regression techniques, principle component analysis) to investigate larvae-habitat relationships across various spatial scales (stream, reach, transect, sampling point).

Objective 3:  Investigate feasibility of estimating timing and abundance of emigrating juvenile lamprey.  (Years 2-4, depending on results)

Task 3.1:  Operate a rotary screw trap in each stream to estimate timing and abundance of emigrating juvenile lamprey.  A floating rotary screw trap (constructed by E. G. Solutions, Inc., Corvallis, Oregon) with a five-foot diameter cone will be placed at suitable sites in each stream and operated to collect juvenile lamprey (typically during spring-fall).  Biological characteristics of captured fish will be collected (species, length, weight, and developmental stage).  Estimates of trap efficiency will be used to calculate lamprey abundance by releasing marked individuals upstream of traps (Thedinga et al. 1994).  Lamprey larvae will be marked with colored elastomer injections and macropthalmia with colored injections and fin clips.  Outmigrant abundance will be estimated from the proportion of marked lampreys in subsequent lots of lampreys captured (Roper and Scarnecchia 1996).  Accuracy of this method depends on marked and unmarked lampreys having equal capture efficiency. 

Water temperature and discharge will be recorded daily to investigate factors influencing emigration.  Any adult lamprey captured will be inspected to determine whether it has spawned.  Pre-spawning lamprey will be released, and post-spawning lamprey will be sacrificed for statolith and genetic analyses.  The ability of the rotary screw trap to capture lamprey sufficiently to estimate trap efficiency will be evaluated to determine its suitability for estimating lamprey abundance and possible approaches to improve efficiency.

Objective 4:  Investigate feasibility of estimating timing, abundance, and biological characteristics of immigrating adult lamprey.  (Years 2-4, depending on results)

Task 4.1:  Operate a temporary weir and box trap to collect immigrating adult lamprey.  Biological characteristics of captured lamprey will be collected (species, length, weight, sex, and date of capture) during spring-fall.  All lamprey will be marked (dorsal fin clip and PIT tag) and released upstream of the weir.  Water temperature and discharge will be recorded daily to investigate factors influencing immigration.  Counts of lamprey collected at the weir will be used as one estimate of adult abundance.  The ability of the weir and trap to collect adult lamprey and to be safely operated without negatively affecting other species will be evaluated to determine the suitability of them for estimating lamprey abundance and possible approaches to improve efficiency.

Task 4.2:  Set pot traps in reach above the temporary weir to collect immigrating adult lamprey.  Biological data (length, weight, sex, previous mark, and date of capture) for all lamprey captured will be recorded and unmarked and a fin clip and PIT tag applied to all unmarked lamprey.  Adult lamprey abundance will be estimated from the proportion of marked adult lamprey among subsequent lots of captured lampreys (Scheaffer et al. 1990).  This method assumes that marked individuals will mix uniformly with unmarked fish, that the population is closed during the time of estimation, and that marked and unmarked lampreys have equal probabilities of capture.  These assumptions could be violated if marked lampreys behave differently than unmarked fish, or if marked lampreys experience higher mortality than unmarked fish.

Objective 5:  Evaluate spawning habitat requirements of adult lamprey and egg development.  (Years 2-4)

Task 5.1: Conduct surveys to identify lamprey nests during the spawning period.  Reaches of each stream will be inspected during the spawning period (April-July) to count and note the location (via Global Positioning System and maps) of nests.  

Task 5.2:  Describe physical features and habitat of lamprey nests.  Physical characteristics of nests will be measured, including: nest dimensions, depth in the water column, water velocity, habitat type (Hawkins et al. 1993), and substrate and the amount of cover or shading at the nest location (Platts et al. 1983). 

g. Facilities and equipment
Existing facilities at USFWS, Columbia River Fisheries Program Office are adequate for the purposes of this study.

- USFWS  CRFPO has adequate office space, microcomputers, and statistical software suitable for data entry, statistical analysis, 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 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 and adult biological and physical habitat information.

-USFWS  CRFPO maintains six floating screw traps in five- and eight-foot sizes for capturing outmigrating fish in lotic environments.  

Adult lamprey traps will be constructed for this project, and materials for these will be purchased with project funds.  Tagging and marking materials will need to be purchased with project funds.  A backpack electrofishing units and one screw trap will also be purchased with project funds.
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Travis C. Coley and Jen Stone are currently monitoring adult and larval abundance, larval distribution and habitat requirements, immigration and emigration timing, and spawning habitat requirements on Cedar Creek, Washington.  
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Vancouver, WA 98665 
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B.S. Fisheries Management
1976

Mississippi State University

M.S.  Fisheries Resources 
1979

University of Idaho

Experience: 

1991-present
Team leader, Habitat and Natural Production Team, Columbia River Fisheries Program Office

Supervises a staff of 12 biologists and technicians working primarily on habitat assessment, habitat restoration, and fish population assessment and monitoring. Has supervised chum salmon monitoring and watershed analysis of Hardy Creek on Pierce National Wildlife Refuge. 

1986-1991
Assistant Project Leader of the Idaho Fisheries Resources Office, U. S. Fish and Wildlife Service, Ahsahka, Idaho.  

1978-1986
Northwest and Alaska Fisheries Center, National Marine Fisheries Service, Hammond, OR 

Reports and Publications:

Muir, W.D. and T.C. Coley. 1996. Diet of yearling chinook salmon and feeding success during downstream migration in the Snake and Columbia Rivers. Northwest Science 70 (298-305).

Muir, W.D., A.E. Giorgi, and T.C. Coley. 1994. Behavioral and physiological changes in yearling chinook salmon during hatchery residence and downstream migration. Aquaculture 127(69-82).
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Giorgi, A.E., G.A. Swan, W.S. Zaugg, T.C. Coley, and T.Y. Barila. 1988. Susceptibility of chinook salmon smolts to bypass systems at hydroelectric dams. North American Journal of Fisheries Management 8:25-29.

McCabe, G.T., Jr., R.L. Emmett, T.C. Coley, and R.J. McConnell. 1987. Effects of a

river dominated estuary on the prevalence of Crinonemertes errans, an egg predator of the Dungeness crab, Cancer magister. Fishery Bulletin 85:140-142.
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Date       
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B.S. Biology


1996

Salisbury State University

B.S. Environmental Science 
1996

University of Maryland Eastern Shore

M.S. Zoology


2000

University of Maine

Experience: 

2000-present
Fishery Biologist, Habitat and Natural Production Team, USFWS, Columbia River Fisheries Program Office

Crew leader for research project designed to explore the population dynamics and habitat use of Pacific and western brook lamprey. Sampled lamprey using point-specific electroshocking techniques as well as adult ladder and screw traps. Conducted spawning ground surveys to determine spawning range and associated habitat. PIT tagged adults and used VI and CWT on juveniles to estimate density, abundance, and population size. Performed Forest Service habitat surveys, organized, analyzed and interpreted data. Generated reports, posters, and presentations.

2000-2000
Student Career Experience Program Intern, USFWS



Conducted necropsies on various native and exotic fish species to determine presence/absence of pathogens. Analyzed bacterial, viral, and parasite samples collected from hatchery and wild fish species. Assisted on a Rosgen stream restoration project in southern Colorado streams. Spawned and reared Pacific salmon at a national fish hatchery.  

1996-1998
Faculty Research Assistant, Chesapeake Biological Laboratory



Coordinated and conducted various laboratory and field experiments on the growth and feeding ecology of finfish and crustaceans. Assisted in a field study designed to provide data for an environmental assessment. Prepared and analyzed otoliths, scales, and stomach contents. Cultured phytoplankton, zooplankton, and fish populations in the laboratory. Constructed a computer-controlled aquatic ecophysiology laboratory. 
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