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a. Abstract 

The ecological, economic, and cultural significance of Pacific lampreys (Lampetra tridentata) is poorly understood and has been underestimated historically (Kan 1975; NPPC 1995; Close et al. 1995) and some research has begun to examine what might have prompted their decline and the feasibility of their recovery in the Columbia River Basin (CRB) (Close et al. 1995, Close 2001).  Pacific lampreys (Lampetra tridentata) in the CRB are believed to have declined to only a remnant of their population prior to hydropower development in the CRB.  Along with the decline of Pacific lampreys the status of sympatric lamprey populations (the western brook lamprey, L. richardsoni, and the river lamprey, L. ayresi) is unknown.  Means of assessing lamprey populations and identification of biological factors limiting lampreys is critical to population monitoring, assessment, and recovery efforts.  We propose to address two fundamental aspects of lamprey biology.  First, we will provide the means to positively identify lamprey species through the use of morphometric (Objective 1), meristic (Objective 1), and molecular techniques (Objective 2).  Second, we will examine the effects of temperature on the timing of developmental events and on the survival of early life history stages of lampreys (Objective 1).  Proper identification of lamprey species is necessary for assessment and monitoring of lamprey populations and communities, and identification of biological factors limiting lampreys in the CRB is critical to understanding habitat requirements for recovery efforts.  Results of this work will provide important tools necessary to evaluate the status of Pacific lampreys and assist with rehabilitation efforts.

b. Technical and/or scientific background
The ecological, economic, and cultural significance of Pacific lampreys has been underestimated historically (Kan 1975; NPPC 1995; Close et al. 1995) and actions are currently being considered for their recovery in the Columbia River Basin (CRB) (Close et al. 1995, Kostow 2002).  Identifying biological factors that may limit lamprey production in the CRB is critical for their recovery.  Although some biological information for this and sympatric species (the western brook lamprey, L. richardsoni, and the river lamprey, L. ayresi) is available from studies conducted in Canada (Pletcher 1963, Beamish 1980, Richards 1980, Beamish and Levings 1991), little is known about the biology of lampreys in the CRB (Kan 1975, Hammond 1979, Kostow 2002).

Documenting the distribution and relative abundance of lampreys in streams and rivers tributary to the Columbia River will help identify factors limiting lamprey populations, identify areas in need of rehabilitation, and help to assess the efficacy of management actions.  Surveys of larval lampreys, which spend up to seven years in fluvial habitats (Hardisty and Potter 1971a), may provide an effective means of determining distribution and abundance since larvae are readily collected from rearing areas by electrofishing.  Comprehensive monitoring and assessment programs for CRB lampreys, including anadromous Pacific lampreys, may depend on accurate techniques for identifying larval lampreys.  However, our inability to positively identify larvae of different lamprey species limits the utility of this technique.  Identification of Pacific, river, and western brook lamprey larvae is not resolved and morphological characteristics currently used to differentiate species have proven to not be diagnostic (USGS unpublished data).  Developing larval lamprey identification techniques is critical to determine the distribution and abundance of these fishes (Kostow 2002).

Identification of biological factors limiting lampreys in the CRB is critical to population assessment and recovery efforts.  Understanding factors influencing survival during early life history stages is particularly important since this period is a critical determinant of recruitment to many fish populations (Houde 1987).  Water temperature, or other characteristics of the physical habitat, may determine larval lamprey abundance during early development (Potter and Beamish 1975, Young et al. 1990, Youson et al. 1993).  For example, the range of optimal temperatures for survival of sea lamprey embryos is narrow (Piavis 1961, Rodriguez-Munoz et al. 2001).

Understanding how temperature affects survival and growth of early life history stages will help identify critical habitat needs that influence lamprey distribution and abundance (Holmes and Lin 1994).  Information on the role of temperature in larval lamprey development will provide managers with a means to assess the suitability of available spawning and rearing habitats.  Alterations in the temperature regime of the Columbia River and its tributaries as a result of hydroelectric and other development (Quinn and Adams 1996) have resulted in lamprey spawning and rearing habitats that may be sub-optimal.

Knowledge of the early life history characteristics of these species will aid in future research and management of lampreys in the CRB.  Accurate identification of larval lampreys will allow managers to conduct accurate surveys and thus determine the relative abundance of each species in various habitats.  Presence or absence of Pacific lampreys in a given stream will play a key role in lamprey rehabilitation by identifying optimal habitats and locating areas suitable for recovery efforts.

This work will answer questions about Pacific lampreys posed by regional fishery managers.  Specifically, population assessment and the quantification of habitat needs will help managers in developing strategies to assure the long-term population stability of Pacific lampreys and reduce the likelihood that the management of this species will be handled through the regulatory process.

c. Rationale and significance to Regional Programs
Sections 7.5F and 7.5F.1 of the NPPC Fish and Wildlife Program (1994) noted the apparent decline of Pacific lamprey in the CRB, and requested a status report that would identify research needs.  Section three of the resulting report (Close et al. 1995) outlines these research needs (in part):  section III.A, abundance studies; section III.B, current distribution; and, section III.D, determine habitat limiting factors. Close et al. (1995) also list the “identification of potential applications of transplantation” and “artificial production” (section III.E and section III.F) as research needs.  Recently, the Oregon Department of Fish and Wildlife noted the need for techniques for identifying larval lampreys found in Oregon and the need for information on basic lamprey ecology and habitat use (Kostow 2002).

The proposed project addresses critical uncertainties, goals, and objectives described in the Columbia River Lamprey Program Summary.  Specific goals addressed include: 1) annually determine numbers and distributions of current populations and 2) gain understanding of life history and habitat requirements for larval lampreys.  

The proposed project addresses needs identified by the Action Agencies in the “Future Needs: Priorities for the Mainstem/System-wide Fish and Wildlife Program Solicitation.”  These priorities were based on the NMFS Biological Opinion and the Fish and Wildlife Program.  Specifically, the proposed work addresses (or provides tools to help address): (1) identify the numbers and distributions of what we have currently, (2) annually determine numbers and distribution of current populations, (3) survey ammocoete populations in major tributaries and mainstem, (4) determine general migration behavior through radio tagging and genetic assessment techniques, (5) evaluate adult migration and holding and spawning requirements, and (6) sample various tributaries to determine larvae distribution, life history characteristics, and habitat requirements.

Findings will provide tools for regional fisheries managers to assess lamprey populations and quantify habitat needs.  This study will develop larval identification techniques and keys, which will allow differentiation of CRB lamprey larvae.  The ability to reliably identify lamprey larvae will greatly facilitate the success of other studies of lampreys in the CRB.  Examination of temperature effects will contribute to the determination of habitat limiting factors that influence lamprey distribution and abundance.

d. Relationships to other projects 
 
This project has received assistance from the USFWS in collecting mature adults for spawning (Objective 1.a) and ammocoetes for rearing through metamorphosis (Objective 1.b).  The CTUIR (Project #9402600) and IDFG have also supplied ammocoetes for Objective 1.b.  ODFW has agreed to provide specimens for the new objectives proposed here. 


We believe this information will contribute to the success and utility of other lamprey research in the CRB.  Specifically, this proposed work will complement Project  200001400 (Pacific Lamprey Research and Restoration),  Project 200002800 (Evaluate Status of Pacific Lamprey in the Clearwater River Drainage, Idaho), Project 25007 (Determine lamprey species composition, larval distribution and adult abundance in the Deschutes Subbasin), Project 200001400 (Evaluate habitat use and population dynamics of lampreys in Cedar Creek), ODFW’s newly proposed work (Evaluate Status of Pacific Lamprey in the Willamette River Subbasin) by providing tools to identify larval lampreys and information to guide the design of lamprey distribution surveys.
e. Project history (for ongoing projects) 

Objective 1 of this proposal focuses on completion of manuscripts for the peer review process and a report of research summarizing data generated during fiscal years FY2000-FY2002 from Bonneville Power Administration project number 200002900.  Objectives for BPA project number 200002900 included quantifying morphological differences between Columbia River Basin (CRB) lamprey species and providing baseline information on the thermal requirements of early life stage lampreys found in the CRB.  Summarization and wide-spread dissemination of these data, in the form of reports and manuscripts submitted to professional societies, will provide resource managers with sought after information (Kostow 2002) for identifying early life stage lampreys (embryo and larvae) based on morphological characteristics and provide information useful for determining the suitability of habitat for spawning and rearing of lampreys.  This project is currently in its third year (FY2002) of data collection, which will provide a greater sample size for morphometric analyses and a greater number of replicates to provide a more powerful statistical analysis of the effects of temperature on survival and development of early life stage lampreys.

Objective 1 (from BPA project #200002900, FY2000-FY2002):  Determine diagnostic characteristics of egg and larval stages of lampreys

Task a:  Spawn adult Pacific, river, and western brook lamprey in the laboratory, collect a time series of resulting progeny, and conduct morphometric analysis to determine diagnostic characteristics that differentiate these species


During FY2000-FY2001 a total of 150 Pacific and 140 western brook lamprey embryos were digitized and preserved for morphometric analysis.  These individuals ranged in development from one-day post-fertilization to immediately pre-hatching.  Measurements were made on digitized embryos using image analysis software and included mean yolk diameter of individuals prior to formation of the neural plate (non-spherical embryo) and mean chorion diameter of all individuals.  Western brook lamprey embryos were observed to have both smaller yolk diameters and smaller chorion diameters than Pacific lamprey embryos (Figure 1).
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	Figure 1:  Mean yolk and chorion diameters (+ SE) for Pacific and western brook lampreys.  Significant differences were observed between species for both yolk and chorion diameter.


A two-sample t-test was used to compare mean differences between Pacific and western brook lamprey embryos.  There was a significant difference between mean yolk diameter (t=16.782, DF=98, P<0.0001) and between mean chorion diameter (t=21.530, DF=288, P<0.0001) of Pacific and western brook lamprey embryos.  The difference in the size of Pacific and western brook lamprey embryos is small (0.21 mm yolk; 0.25 mm chorion); however, embryo size may be valuable as a descriptive characteristic due to the small intraspecific variation observed in this study.  We are currently collecting Pacific and western brook lamprey embryos from laboratory spawning efforts to increase sample sizes for this analysis (FY2002).


During FY2000-FY2001 a total of 110 Pacific lamprey (notochord length; 7.03 to 16.56 mm) and 70 western brook lamprey (notochord length; 7.19 – 22.45 mm) larvae were digitized and preserved for morphometric and meristic analysis.  A set of 24 landmarks has been established for morphometric analysis (Figure 2) and inter-landmark distances have been calculated.
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	Figure 2:  Location of landmarks established for use in morphometric analyses.


Principle components analysis will be used to group related variables (inter-landmark distances) and discriminant function analysis will be used to determine suitable components for species description.  The outcome of these analyses should provide information about what morphological characteristics may be useful for identifying and differentiating Pacific and western brook lampreys.  Meristic analyses will likely be limited to myomere counts, as lampreys do not possess most other structures commonly used in meristic analyses (e.g. fin rays and spines, scale rows, and lateral line pores).  We are currently collecting Pacific and western brook lamprey larvae from laboratory spawning efforts (FY2002) and are continuing to sample laboratory spawned individuals from previous years (FY2000-FY2001) to increase sample sizes and size class ranges for these analyses.

Task b:  Collect large ammocoetes from a variety of locations in the Columbia River Basin, tentatively identify them, and hold them in the laboratory until metamorphosis to verify identification techniques

Fifty larvae were collected from the wild during FY2000, tentatively identified to species (Richards et al. 1982), measured for length and mass, photographed, and sacrificed to provide genetic samples.  Of the 50 individuals sampled in this manner, 42 were identified as Pacific lampreys and eight were identified as western brook lampreys based on current diagnostic characteristics.  Researchers at the University of Idaho observed no detectable variation among samples provided when analyzing sequences of mitochondrial DNA (Close 2001, as in Docker et al. 1999).  The ability to accurately identify Columbia River Basin lampreys is essential to productive management actions.  Therefore, samples provided to the University of Idaho are being returned so that we may archive them for later analysis and development of suitable genetic techniques for differentiating lampreys found in the CRB.

During FY2000 thirty-one larvae were collected from the wild and held at the Columbia River Research Laboratory for observation of morphological variation through metamorphosis.  To date these specimens have been sampled 18 times (some individuals less due to mortality).  In the case of mortality, genetic samples have been taken for later species confirmation.  This sampling procedure is being performed to:  1) determine if it is possible to separate these species based on pigmentation patterns (Richards et al. 1982) and 2) determine if there is a change in pigmentation patterns, specifically with regards to diagnostic characteristics, of these species over time.

Of the 31 larvae sampled in this manner, species identification has been confirmed for two Pacific lampreys that have metamorphosed.  These individuals were identified as Pacific lampreys during 100% of the sampling events.  Species identification has been consistent (100% of sampling events) for 28 of the un-metamorphosed lampreys.  Only one individual has been identified inconsistently (Pacific lamprey in 83% of sampling events; western brook lamprey in 17% of sampling events).  Preliminary results indicate that over time there is not a significant change in pigmentation patterns associated with species identification.

Objective 2 (from BPA project #200002900, FY2000-FY2002):  Evaluate the affect of temperature on the survival and early development of lampreys

Task a:  Rear early life history stages of each species at four temperatures, document survival and timing of developmental events


During FY2000-FY2001 the affects of temperature on survival and development of embryo and early larval stages of Pacific and western brook lampreys were examined at the Columbia River Research Laboratory.  Pacific and western brook lampreys were artificially spawned and resulting progeny were reared at 10( C, 14( C, 18( C, and 22( C from the time of fertilization until larvae had assimilated approximately 50% of their yolk reserves.  To make comparisons among and between individuals at similar developmental stages, a modified temperature unit model (TUa) was developed to standardize the affect of temperature on development.

Cumulative survival for the duration of the experiment was high for Pacific and western brook lampreys at 10( C, 14( C, and 18( C with a decrease in cumulative survival at 22( C.  At 22( C, survival decreased early and consistently until individuals began to hatch, at which time cumulative survival began to stagnate (Figure 3 and Figure 4).  This suggests a major change in the affect of temperature on survival based on developmental stage and indicates that embryos may be more sensitive to the affect of temperature than early stage larvae.
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	Figure 3:  Cumulative mean percent survival for the duration of the experiment expressed as TUa for Pacific lampreys.  50% hatch occurred at 280 TUa.
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	Figure 4:  Cumulative mean percent survival for the duration of the experiment expressed as TUa for western brook lampreys.  50% hatch occurred at 280 TUa.



To further investigate the affect of temperature on survival, comparisons among and between temperatures were made at discrete intervals.  Overall, temperature significantly affected survival to 50% hatch (280 TUa) for Pacific lampreys (F3,28=74.10, P<0.0001) and western brook lampreys (F2,24=66.50, P<0.0001).  For both species there was a slight increase in survival from 10( C to 18( C followed by a decrease in survival at 22( C (Figure 5).  There was a significant decrease in survival at 22( C when compared to other temperatures examined for Pacific and western brook lampreys (P<0.05).
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	Figure 5:  Percent survival to 50% hatch (280 TUa) (+ SE) for Pacific and western brook lampreys held at 10( C, 14( C, 18( C, and 22( C.



Temperature significantly affected survival to 550 TUa for Pacific lampreys (F2,21=53.00, P<0.0001) and western brook lampreys (F2,24=70.16, P<0.0001).  550 TUa corresponded to 50% yolk assimilation and the beginning of exogenous feeding.  For both species there was a slight increase in survival from 10( C to 18( C followed by a decrease in survival at 22( C (Figure 6).  There was a significant decrease in survival at 22( C when compared to other temperatures examined for Pacific and western brook lampreys (P<0.05).
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	Figure 6:  Percent survival to 550 TUa (+ SE) for Pacific and western brook lampreys held at 10( C, 14( C, 18( C, and 22( C.



Among the temperatures examined, these data suggest that 18( C was the most beneficial temperature for survival of Pacific and western brook lampreys.  This is similar to the thermal optima reported for survival of sea lampreys (Petromyzon marinus).  Piavis (1961) and Rodriguez-Munoz et al. (2001) reported optimal survival temperatures from zygote to burrowing larvae (developmentally similar to individuals at 550 TUa in this experiment) for sea lampreys to be 18.4( C and 19( C, respectively.  Although similarities in beneficial temperatures for survival exist among the species studied in this experiment and sea lampreys, the range of temperatures for survival of Pacific and western brook lampreys appears to be greater than that observed for sea lampreys.  Data from this study suggest high survival rates for lampreys reared at 10( C, 14( C, and 18( C.  However, Piavis (1961) observed no survival to the burrowing stage below 15.5( C or above 21.1( C and Rodriguez-Munoz et al. (2001) observed low survival from fertilization to hatching and no survival from hatching to burrowing for sea lampreys at 11( C.


Thermal requirements for survival provide a good indication of extreme temperature limits; however, sub-lethal effects of temperature on a species may play a role in long-term survival and fitness.  It is likely that the occurrence of developmental abnormalities may decrease long-term survival, growth, and fitness.  To provide a greater understanding of the influence of temperature on CRB lampreys the affects of temperature on the occurrence of developmental abnormalities was examined at discrete intervals.  The affect of temperature on the occurrence of embryonic abnormalities was examined at 190 TUa, an interval prior to any lampreys hatching.  Temperature had a slightly insignificant affect on the percent abnormal embryos for Pacific lampreys (F3,28=2.73, P=0.0629); however, temperature had a significant affect on the percent abnormal embryos for western brook lampreys (F3,32=6.70, P=0.0012).  There were a greater percentage of embryonic abnormalities at 10( C and 22( C than at 14( C or 18( C for both species (Figure 7).  For western brook lampreys there were significantly more embryonic abnormalities at 22( C than at 14( C or 18( C and significantly more embryonic abnormalities at 10( C than at 18( C (P<0.05).
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	Figure 7:  Percent abnormal embryos at 190 TUa (+ SE) for Pacific and western brook lampreys held at 10( C, 14( C, 18( C, and 22( C.



The affect of temperature on the occurrence of abnormalities was examined at 550 TUa, an interval after all lampreys had hatched, began exogenous feeding, and assimilated approximately 50% of their yolk reserves.  Temperature had a significant affect on the occurrence of abnormalities at 50% yolk assimilation for Pacific lampreys (F2,21=39.75, P<0.0001) and western brook lampreys (F2,24=41.26, P<0.0001).  For both species there was a greater percentage of abnormalities at 22( C than at 10( C or 18( C (Figure 8).  For both species there were significantly more abnormalities at 22( C than at 10( C or 18( C (P<0.05).
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	Figure 8:  Percent abnormalities at 550 TUa plus standard error for Pacific and western brook lampreys held at 10( C, 14( C, 18( C, and 22( C.



While differences in the percent of abnormal embryos were not consistently significant among and between treatments for both Pacific and western brook lampreys, certain trends were observed for both species.  There appears to be a higher percentage of embryonic abnormalities at 10( C and 22( C than at intermediate temperatures.  It is difficult to speculate on the ultimate effect of the embryological abnormalities quantified in this experiment on survival, growth, and fitness; however, traits such as fragmented embryonic material may result in less material available for embryonic growth and malformed embryos may produce malformed larvae with decreased locomotor, feeding, or burrowing abilities.  Abnormalities at 50% yolk assimilation were consistently higher at 22( C than at other temperatures examined for both species and included traits such as irregularly arched bodies, bulging body regions, and superfluous body parts (e.g., extra head or tail).


The developmental abnormalities observed in this experiment have the potential to significantly reduce larval viability through decreased locomotor, feeding, and burrowing performance.  Therefore, it is important to synthesize the affect of temperature on survival and on development when considering the influence of temperature in this experiment.  Considering information on both survival and the occurrence of developmental abnormalities, temperatures of approximately 18( C are most beneficial for viability of Pacific and western brook lampreys.  These data should provide information necessary for the management of Columbia River Basin lampreys by indicating conditions necessary for spawning and rearing of Pacific and western brook lampreys.

Summary of Project History (BPA Project number 200002900):

1. Submission/acceptance of 2000 annual report of research.

2. Submission/acceptance of 2001 annual report of research.

3. Quantification of significant differences in the size of Pacific and western brook lamprey embryos.

4. Preparation of and measurement of larval Pacific and western brook lamprey larvae for morphometric (principle components and discriminant function analysis) and meristic description.

5. Observations on lamprey morphology through metamorphosis.

6. Quantification of the influence of temperature on survival and development of Pacific and western brook lamprey embryos and larvae.

a. Pacific and western brook lampreys appear to be more susceptible to the affects of temperature during embryonic stages than early larval stages.

b. A significant decrease in survival was observed for Pacific and western brook lampreys reared at 22( C compared to lower temperatures (10( C, 14( C, and 18( C).

c. The range of temperatures in which early stage Pacific and western brook lampreys can survive appears to be relatively broad; however, increases in developmental abnormalities at extreme temperatures indicates that normal development is achieved at temperatures of approximately 18( C. 

7. Due to uncontrollable failure of laboratory apparatus in 2001, we requested an additional year to replicate the temperature experiment.  Replication of FY2000-FY2001 temperature affects and morphometric/meristic description experiments in FY2002 will provide greater sample sizes and statistical power for analyses. This resulted in a change for the overall time frame of this work from completion in three years to completion in four years.  

f. Proposal objectives, tasks and methods
Objective 1:  Task a. and Task b.


Prepare a report of research and manuscripts for peer-review publications compiling data accumulated during FY2000, FY2001, and FY2002 under BPA project number 200002900.  Completion of this objective will require:

1. Completion of morphometric analyses for embryonic and larval stage lampreys.

2. Completion of meristic analyses for larval stage lampreys.

3. Verification of current identification techniques.

4. Compilation and analysis of data examining the affects of temperature on development and survival of Columbia River Basin lampreys.

5. Production of a comprehensive report of research for submission to Bonneville Power Administration and manuscripts suitable for submission to peer-reviewed publications.

This objective will be completed in FY2003 and will provide information required for assessment of CRB lamprey distribution, abundance, and basic habitat requirements.  Specifically this objective will provide information necessary to determine the usefulness of morphological and meristic characteristics for distinguishing lamprey species found in the CRB, and provide information on the role of temperature in determining suitable spawning and rearing habitats for CRB lampreys.

Objective 2:  Develop molecular techniques suitable for distinguishing Columbia River Basin lamprey species.

Rationale:

To date genetic analyses performed on lamprey species native to the CRB have proven to be inefficient in separating species.  While Docker et al. (1999) was able to separate Pacific lampreys from other lamprey species found in the Columbia River Basin, they found no difference between western brook lampreys and river lampreys based on sequencing 735 base pairs from the cytochrome b and NADH dehydrogenase subunit 3 (ND3) genes.  Attempts by researchers at the University of Idaho also failed in detecting variation in mitochondrial DNA sequences from CRB lampreys.  A need for system-wide status monitoring of aquatic species has been identified; therefore, techniques for positive identification of CRB lampreys is essential.  Proper species identification is essential to accurately assess population distributions and abundances.  The inability to separate western brook lampreys and river lampreys may be due to a relatively recent species divergence (less than 70,000 years ago) and the conservative nature of mitochondrial DNA (Docker et al., 1999).  


We propose to develop a series of molecular genetic markers to non-lethally discriminate species of lampreys at any life-history stage.  There will be three components of this task: 1) single primer PCR (spPCR) analysis with simple sequence repeat (SSR) primers will be used to identify novel species-specific DNA sequences (Owens and Uyeda, 1991; Welsch and McClelland, 1990; Williams et al., 1990), 2) spPCR products will be converted to dual primer PCR (dpPCR) to assess the fidelity of the diagnostic markers, and 3) species-specific dpPCR markers will be converted to fluorescent rapid diagnostic systems.  We have used this strategy to generate genetic systems to non-lethally discriminate gender and run-timing in chinook salmon, and differentiate species of closely related trout (rainbow and cutthroat), insects, fungi, plants, and bacteria (Ostberg and Rodriguez, 2002; Clifton and Rodriguez, 1997; Freeman and Rodriguez, 1995; Bartholomew et al., 1994; Perring et al., 1993).

Hypotheses:
Ho:  Molecular analysis (spPCR) will show no difference among lamprey species found in the CRB.

Ha1:  At least one lamprey species found in the CRB will be genetically distinguishable from other species of CRB lampreys based on spPCR analysis.

Ha2:  All lamprey species found in the CRB will be genetically distinguishable based on spPCR analysis.

Assumptions:

The underlying assumption of this research is that, with respect to the molecular technique used, similarities are greater within a species than among or between species.  Whether Pacific lampreys in the CRB represent a panmictic population, show natal stream fidelity, or exhibit distinct population structuring is unresolved.  The status of river lampreys in the CRB is unknown as current records of their distribution and abundance are non-existent.  Due to their life history, it is likely that western brook lampreys in the CRB represent many small distinct populations or several metapopulations.  Because of the uncertainty in the population structures of CRB lampreys it will be necessary to sample individuals over a broad geographical area in order to test the above assumption.

Methods: 

Task a.  Develop molecular techniques suitable for distinguishing CRB lamprey species

Tissue samples will be collected from 20 - 30 adults representing 5 populations of each species in the CRB and placed in vials containing 95% ethanol.  DNA will be extracted and purified from the samples using standard protocols and spPCR will be used to "scan" the genome to identify genetic markers that are present in one species but not the other.  Based on previous work, we anticipate that each spPCR primer will amplify between 3 - 15 discernable products in each species (Ostberg and Rodriguez, 2002).  Although spPCR is an excellent technique for identifying species-specific markers, it is a technically challenging, time consuming, and results can be difficult to reproduce in different laboratories.  Therefore, spPCR products that are present in only one species will be cloned into bacterial plasmids and sequenced using standard protocols.  A total of 30 "species-specific" PCR products will be cloned for each lamprey species and PCR primers will be constructed from the terminal sequences of each product so dual-primer PCR (dpPCR) may be performed.  DpPCR is approximately 100 times more sensitive, more reproducible, technically less demanding, and more rapid than spPCR.  Each of the primer sets will be tested on individuals representing different lamprey species to ensure species-specificity and on larger populations of species from the CRB to determine if they are frequency-based or fixed markers. 


The DNA sequence of fixed species-specific markers will be used to develop fluorescent-molecular beacon probes.  The goal of this is to develop rapid, inexpensive and uncomplicated diagnostic systems that may be used by field crews to survey and monitor Pacific lampreys.  Once the beacons are developed, they will be assessed for sensitivity and ease-of-use by field crews.  Although it is uncertain how "field-applicable" these systems will be, the significance of such diagnostic systems would be invaluable to the conservation of these species.

Methods:

Task b:  Validate that molecular techniques are appropriate for identification of lampreys distributed throughout the CRB.


Due to the uncertainty in the population structures of CRB lampreys it will be necessary to perform basin wide sampling to test the above assumption.  Validation of molecular markers for lampreys throughout the CRB will also provide techniques suitable for basin-wide monitoring and assessment programs.  During FY2004 we will collect tissue samples from lampreys found in major sub-basins of the CRB.  Analyses will be performed to determine if similarities are greater within a species than among or between species over broad geographical regions.

g. Facilities and equipment
The Columbia River Research Laboratory is equipped with many of the resources necessary to successfully complete this project.  The Western Fisheries Research Center laboratory in Seattle, where genetics work will be conducted, is well equipped to perform these analyses.  Laboratory, office space, and equipment, including desktop computers and software are available.  Adult lampreys will be collected from state and USFWS land, with the assistance of the USFWS Columbia River Fisheries Program Office, Vancouver, WA.  Laboratory work will be conducted at the USGS BRD Columbia River Research Laboratory, Cook, WA.  Some equipment is available, while some items will be purchased.  We will make every effort to borrow equipment before making purchases.
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