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Section 9 of 10. Project description

a. Abstract 
The goals of the proposed study are: to determine Lampetra species composition, larval distribution and habitat utilization; to estimate larval and metamorphosing emigrant abundance in the Deschutes River tributaries, Warm Springs River and Shitike Creek; and to develop a method of estimating adult abundance in the Deschutes R. The objectives presented in this study attempt to address “critical uncertainties” identified by the Columbia Basin Pacific Lamprey Technical Work Group (CBPLTWG) and recommended to the Columbia Basin Fish and Wildlife Authority (CBFWA). The methods utilized in this study have been developed (or modified from methods used in the Great Lakes region) by other researchers within the Columbia River Basin (CRB) and Pacific Northwest (Torgerson and Close, CTUIR, Umatilla, Oregon pers. comm., Close 1999, Stone et al. 2001, van de Wetering 1998, Bayer et al. 2001). Therefore the results should be comparable with data collected in other basins. By assimilating the findings from this project with information from other sub-basins within the CRB the status of Lampetra sp. in the CRB may be fully assessed. The results from this project may be used to formulate recovery plans at the basin and sub-basin level. 

b. Technical and/or scientific background
Pacific lamprey (Lampetra tridentata) populations have dramatically declined in the Columbia River Basin (CRB) since the 1940’s (Close et al. 1995).  Poor mainstem passage is cited as a major cause of the decline (Vella et al. 1999a; 1999b, Long 1968). Degraded tributary habitat including reduced summer flows and elevated stream temperatures are believed to be responsible for the demise of lamprey in the Umatilla  and John Day sub-basins (Close et al. 1995).  

Pacific lamprey are present in the Deschutes R. They are utilized by members of the Confederated Tribes of Warm Springs Reservation, Oregon (CTWSRO) for subsistence purposes and religious ceremonies. Tribal members collect adult Pacific lamprey at Sherar’s Falls (Rkm 71) in the Deschutes R. Concern has been raised by Tribal members about an apparent decline in adult lamprey abundance at Sherar’s Falls. The lack of sufficient numbers of lamprey at Sherar’s Falls to satisfy subsistence and cultural needs has forced the Tribes to collect lamprey in other locations such as the Willamette River at Willamette Falls.  The same situation is true for other CRB Tribes. Reasons for the decline of lamprey escapement in the Deschutes R. are unknown.

Information about lamprey species composition, distribution, life history, abundance, habitat requirements and exploitation in the Deschutes R. as well as other CRB tributaries is extremely limited (Kan 1975, Hammonds 1979, Beamish 1980).  In order to formulate an effective recovery plan for the Deschutes R. lamprey, as well as CRB lamprey,  basic biological information must first be collected and analyzed. 

c. Rationale and significance to Regional Programs

Tribal, Federal and State agencies have voiced concerns about the declining numbers of Pacific lampreys. The Tribes have been concerned about lamprey declines (Close et al. 1995, CRITFC 1995) and the lack of harvest opportunities in the Columbia Basin for several years (Anglin et al. 1979). In 1993, the Oregon Department of Fish and Wildlife (ODFW) designated Pacific lampreys at risk of being listed as threatened or endangered.  During 1994, the U.S. Fish and Wildlife Service (USFWS) designated Pacific lampreys as a Category 2 candidate species. 

This project relates very specifically to sections 7.5F and 7.5F.1 of the NPPC Fish and Wildlife Program (1994) which noted the apparent decline of the Pacific lamprey in the CRB and requested a status report to 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. 

The low abundance of Pacific lamprey and the lack of current life-history, distribution and exploitation information in the Deschutes R. basin is noted on pages 22 and 166 of the Deschutes River Subbasin Summary (Nelson et al. 2001).

d. Relationships to other projects 
This project addresses mutually agreed upon research priorities identified at a CBPLTWG workshop (22-23 October 1998, Pendleton, Oregon) hosted by the Confederated Tribes of the Umatilla, contractees of BPA project 9402600, “Pacific lamprey research and restoration projects”. Our project has been reviewed by members of the working group. We will collect data using methods utilized by researchers studying lamprey in the Cedar River, WA., Umatilla River, OR., and John Day River, OR. ( BPA projects 20121 and 9402600). Data will be collected and presented in a format that will be utilized by the CBPLTWG to assess the status of lamprey within the entire CRB. We will supply larval lamprey specimens to USGS Biological Resources Division Columbia River Research Laboratory (CRRL) for species determination to verify field identifications (BPA project 200002900).  As a member of CBPLTWG we will coordinate activities, including using common methods for capturing adult and ammocoete lamprey and for evaluating habitat use.
e. Project history (for ongoing projects) 

N/A

f. Proposal objectives, tasks and methods
Objective 1: Determine larval distribution and associated habitat in the lower Deschutes R. sub-basin.

Tasks associated with Objective 1:

 Methods:

Larval lamprey distribution and habitat associations will be surveyed in perennial tributaries to the lower Deschutes River. A hierarchical random stratified sampling design will be used. The sampling design was developed and successfully utilized in the John Day R. by Torgersen and Close (2000). It will consist of three tiers- Level I: stream reach, Level II: transect and Level III: sub-sample. 

Table 1. List of streams with  length (Rkm) to be surveyed for larval lamprey.

Stream Name

Survey Length (km)

Shitike Creek

41

Trout Creek

2

Warm Springs River

65

Mill Creek

28

Beaver Creek

35

White River

3

Level I: Each stream listed in table 1 will be divided into 1 km reaches from the mouth to the upstream extent of perennial stream flow or impassible barriers.  Reaches will be identified using USGS 1:24,000 quadrant maps digitized in ArcView(. Within each reach one, 60 m long sampling point will be randomly selected. The location of each sample reach will be recorded with Global Position System (GPS) equipment.

Level II: Six latitudinal transects from the left bank to the right bank will be placed 10 m  apart within the sampling point.

Level III: Two sub-samples will be surveyed along each transect.  One, circular, 1 m area sub-sample will be randomly selected within the first 3 wadeable meters of each stream bank. If the stream is less than 3 m wide (wetted channel width) sub-samples will be located successively in an upstream direction with approximately 1 m between sub-samples.  A schematic of level II and III sampling design is displayed in fig. 1.

An Abp-2 Wisconsin electrofishing unit will be used to capture larval lamprey within each Level III sub-sample. The unit is specifically designed to capture larval lamprey (O’Neal 1987). The shockers will be set to deliver a constant 125 V at a rate of 3 pulse/s with a pulse train of 3:1 (Pajo and Weise 1994). One electrofishing pass of 90 seconds will be applied to each sub-sample. Captured lamprey will be anesthetized with MS-222 and measured for length to the nearest mm and weighed to the nearest 1/10th gram.  Lampetra species will be identified (refer to objective 2). The fish will be released at the sampling point after they have recovered from anesthesia. All other species captured during electrofishing will be enumerated and recorded.

Figure 1. Level II and III larval lamprey distribution and habitat association sampling design. Open circles indicate Level III sub-sampling points along  Level II transects (vertical lines) spaced 10 m apart along a hypothetical stream.  Horizontal lines represent right and left streambanks (Diagram provided by C. Torgersen).


Habitat and water chemistry data will be collected at level I, II and III tiers. The habitat and water chemistry data to be recorded at each tier is displayed in table 2. 

Table 2. Habitat and water quality data to be collected at each sampling tier.

Habitat/Water Chemistry Parameter
Level I

Sample Reach
Level II

Transect
Level III

Sub-Sample

Conductivity
X



pH
X



H2O Temperature
X



Water Depth


X

Water Velocity


X

Substrate Type


X

Channel Unit Type (riffle, pool, etc)


X

Wetted Channel Width

X


Flood Prone Width
X



Bankfull Channel Width

X


Channel Slope
X



Canopy Density

X


Level I sampling locations will be determined during the spring 2002. A crew of four will survey Level II and III tiers during the summer low flow period (July through September 2002-2004).  Approximately 60 reaches will be sampled per year.

Data quality will be ensured by the crew leader. Annual survey data will be error checked and entered into a database developed by the CBPLTWG 

Data Analysis

Larval lamprey distribution data from Level II and III sampling will be integrated with previously collected Hankin and Reeves (1988) physical habitat data in the geographical information system (GIS) (BPA projects 00000488 and 00000642) and assessed for patterns in the lower Deschutes sub-basin. The working hypothesis is that the distribution of lamprey larvae will be patchy and associated with particular channel unit and reach-level stream habitat characteristics. A GIS map will be generated displaying the distribution of larval lamprey within the surveyed streams.

Associations of lamprey larvae presence with physical habitat characteristics will be analyzed using multiple logistic regression and multivariate analysis of habitat variables (Torgersen and Close, CTUIR, pers. comm.).  The results will relate the distribution of larval lamprey to stream characteristics within the range of habitats available in the lower Deschutes sub-basin.  

The feasibility of using standard length-frequency distributions to determine larval age classes will be evaluated. Length-frequency analysis has been successfully used to distinguish age class 0-4 ammocoetes (Hardisty and Potter, 197; van de Wetering 1998). However researchers in the Great Lakes region found it difficult to separate frequency modes representing older age classes (Potter 1980). They speculated that difficulty arose from an asymptotic growth curve due to a decrease in growth rate with age, variability of ammocoete growth rates and variations based upon physical and biological factors among different river systems (Potter 1980). 

Length-frequency histograms will be plotted using length data from fish collected during implementation of this objective. Visual interpretation will be used to determine if distinct modes are apparent. If so age classes will be determined. 

Objective 2:  Determine species composition of Lampetra in the lower Deschutes R. sub-basin. 

Tasks associated with Objective 2:

 Methods

It is currently unknown if Lampetra  species other than  Lampetra tridentata  i.e. western brook (L. richardsoni) and river (L. ayresi) lamprey inhabit the lower Deschutes R. Species identification of larval lamprey is problematic due to similar morphologies (Richards 1980, Bond 1997). Additionally a dichotomous key has not been developed to identify larval lamprey to species in the CRB.  The key currently used was developed for use in British Columbia, Canada (Richards et al. 1982).  The utility of this key for use the CRB is under evaluation (J. Bayer, USGS-CRRL, Cook, WA. pers. comm.).

Prior to implementing objectives 1 and 3 survey crews will attend larval identification training provided by the members of the CBPLTWG (D. Close, CTUIR, Umatilla, Oregon pers. comm.). During the surveys larval lamprey will be classified into three categories (A, B and C) based upon similar external morphological characteristics according to Richards et al. (1982). A sub-sample of 30 fish (15 from objective 1 and 15 from objective 3) from each category (A-C) will be sacrificed and preserved in a 4-5% formalin solution. The collections will occur during 2002.

Data Analysis

Preserved specimens will be analyzed by personnel from the USGS-Columbia River Research Laboratory (CRRL) familiar with larval lamprey species identification.  Specimens of known species will be placed in a permanent collection. These specimens will be used to train field crews as to correct species identification in subsequent surveys.  If specimens are unable to be identified to species those samples will be sent to a laboratory for genetic identification.  

Objective 3:  Estimate the numbers of lamprey emigrants, by developmental stage, from Warm Springs R. and Shitike Cr.

Tasks associated with Objective 3:

Methods

A 1.5  m diameter rotary screw trap will be fished in Shitike Cr. (Rkm 1.2 ).  A 2 m wide Humphrey trap will be fished in Warm Springs R. (Rkm 0.8).  Both traps will be operated 5 days/wk, 24 hrs/day from March through December 2002-2004. Lamprey will be collected from the live boxes daily and anesthetized in MS-222. They will be measured to the nearest mm (total length) and  weighed to the nearest 0.5 gr.  Hardisty and Potter’s (1971) methods will be used to classify stages of metamorphosis to determine whether the fish are ammocoetes, metamorphosing or macrophthalmia. Lamprey will be identified to species using the methodology described in objective 2.  Water temperatures and stream flow will be monitored daily throughout the trapping season.

In order to evaluate trap efficiency all individuals captured in the traps will be marked with an ink dye. The marked fish will be released approximately 500 m upstream of the traps on the same day of capture. All recaptured fish will be recorded and released downstream of the trap.

Data Analysis

All captured lamprey will be identified to species according to the methods described in Objective 2. Each species, if more than one species is identified, will be stratified into three groups- ammocoetes, metamorphosing and macrophthalmia. The number of emigrant lamprey, stratified by developmental stage, leaving Warm Springs R. and Shitike Cr. will be estimated using the following formula:

N(Week i) = CI / Ei

where Ni is the estimated number of lamprey emigrating during Weeki, Ci is the number of unmarked fish captured in Weeki  and Ei is the trap efficiency for Weeki. Trap efficiency will be estimated using the formula:

E(Week i) = R i / M i
where  R i  is the total number of marked fish captured in Weeki and M i is the total number of marked fish released in Weeki  (van de Wetering 1998). Weekly estimates by developmental stage will be summed to provide an emigrant estimate for the total sampling period.  Variance for Ni during each weekly period will be determined by the bootstrap method (Efron and Tibshirani 1986) and summed to obtain a variance for the entire sampling period. The feasibility of using standard length-frequency distributions to determine age at emigration will be evaluated (refer to Objective 1). Water temperatures and stream flows will be compared with emigration timing using logistic regression to determine if significant relationships exist.

Objective 4:  Evaluate the feasibility of estimating the escapement of adult lamprey in the Deschutes River upstream of Sherar’s Falls and estimate lamprey harvest at Sherar’s Falls.

Tasks associated with Objective 4:

Methods

The abundance of adult lamprey will be estimated by conducting a mark-recapture experiment at Sherar’s Falls (Rkm 71).  Adult lamprey abundance estimation has never been attempted in the Deschutes R.  The feasibility aspect of this objective is due to the uncertainty surrounding our ability to capture and recapture sufficient numbers of adult lamprey to ensure a high level of precision around the estimate without major violations of the assumptions inherent to the mark-recapture methodology.   Sherar’s Falls is located downstream of all perennial tributaries to the Deschutes R.  A fish ladder around the falls is utilized by adult lamprey. Fish will be captured with a trap placed in the downstream portion of the ladder. The trap will be fished 12 hrs/day (19:00-07:00), 7 days/wk from 15 June through 15 August, 2002-2004. The trap will be checked daily or more often if necessary.  All captured lamprey will be measured to the nearest 0.5 cm (total length), searched for the presence of marks and unmarked fish will be marked (fin clip). Marks will be applied to the dorsal fins. A batch mark signifying the week of capture will be used.  The unique batch mark will be changed weekly.  After marking, all previously unmarked lamprey will be returned to the river approximately 100 m downstream of the fish ladder. The capture of previously marked fish will be recorded prior to their release upstream of Sherar’s Falls. 

 In conjunction with the mark-recapture experiment a statistical creel survey will be conducted at Sherar’s Falls to estimate harvest of adult Pacific lamprey. Tribal fishers collect adult lamprey at Sherar’s Falls for subsistence and ceremonial purposes during late-June through early August. A random creel survey stratified by weekdays and weekend days will be conducted by the CTWSRO to estimate harvest in the tribal fishery.  Two week days and one weekend day will be randomly selected for sampling each week.  Weekday and weekend samples will be expanded biweekly and added together to estimate total harvest.  Samplers will check all harvested fish for marks and record total lengths.  The number of unmarked and marked fish harvested (non expanded numbers) will be recorded.

Data Analysis

Chapman’s modification of the Peterson method (Seber 1982) will be used to estimate escapement of  adult lamprey and variance in the lower Deschutes River above Sherar’s Falls.  The assumptions of this methodology are:

1. All adult lamprey have an equal probability of being marked in the lower river.

2. All adult lamprey have an equal probability of being inspected for marks.

3. Marked lamprey mix completely with unmarked fish in the population between sampling events.

4. There is no recruitment to the population between sampling events.

5. There is no sampling-induced behavior or mortality.

6. Lamprey do not lose their marks and marks are recognizable.

Mark and recapture effort will be constant during the lamprey immigration. The trap will be fished seven days per week, 12 hrs/day throughout the immigration. This should provide a relatively equal probability of capture and recapture (assumptions 1 and 2) for all lamprey passing by the tagging site. 

To test the assumption that there is minimal size selectivity during marking and recapturing (assumptions 1, 2 and 3), mean total lengths of marked and unmarked fish will be stratified by week. Kolmogorov-Smirnov (K-S) and chi-square tests will be used to determine if total length of marked fractions are significantly different from unmarked lamprey captured in the trap.  Recruitment of adult Pacific lamprey into the experimental population is unlikely (assumption 4) since tagging will occur throughout the run.

Indirect mortality resulting from the tagging is likely to occur in Tribal fisheries at Sherar’s Falls (assumption 5).  Lamprey marked in the fish ladder then released below Sherar’s Falls will be exposed to the fishery twice. The harvest of lamprey in the Tribal fishery will be recorded during the creel survey.  Harvest of marked and unmarked 

lamprey will be recorded. Marked lamprey that are harvested downstream of the trap will be censored from the experiment.

Fin clipping to mark the lamprey should prevent the problems related to tag loss (assumption 6). Personnel operating the trap will know which mark or combination of marks is applied to the fish during each sampling week.  

The mark-recapture estimate of population size will be obtained using Chapman’s modification of a simple Petersen estimate:
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The escapement of adult lamprey above Sherar’s Falls will be calculated by subtracting the mark-recapture estimate from the estimated harvest of unmarked fish at Sherar’s Falls. 

g. Facilities and equipment
Existing facilities at CTWSRO Department of Natural Resources are adequate for the purposes of this study. Office space and computers will be provided by CTWSRO.  The USGS-CRRL will provide species identification of larval lamprey specimens (Objective 2). 

The CTWSRO will provide juvenile migrant traps and Global Position System (GPS) equipment. Additionally the Tribes will supply field survey gear including a flow meter, and thermographs (Objectives- 1 and 2). 

Funds from this project will be used to purchase: two AbP-2 electrofishing units to collect larval lamprey; a pH/conductivity meter to implement Objective 1; and an adult lamprey trap (Objective 2). Tagging and marking materials will be purchased using project funds (Objectives 3 and 4). A GSA vehicle will be rented to transport crews to the survey locations.
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This project will be implemented by the CTWSRO Department of Natural Resources. Chris Brun will secure necessary permits, provide logistical support, supervise field work and data analysis and take the lead for project reporting. An as yet to be hired field biologist will assist with project logistics and planning, supervise the field crew during the project and assist with final report preparation. 

The project leader for the CTWSRO will be Christopher Brun:

· Lewis and Clark College. B.S. Environmental Studies (1988)

· Oregon State University. Post. Bac. Fisheries (1991)

· Fisheries Biologist, USFS, 6 years.

· Fisheries Biologist for the CTWSRO, 1996 to present.

Chris Brun is currently the project leader for bull trout research and fall chinook abundance estimation in the lower Deschutes subbasin (BPA project 199405400 and NOAA contract 11-438)  He is experienced with field sampling techniques is both large and small rivers. 

Relevant Publications:

Brun, C.V. 1999. Bull trout distribution and abundance in the waters on and bordering the Warm Springs Reservation, 1998 Annual Report. Bonneville Power Administration, Portland, Oregon.

Brun, C.V. 2000. Bull trout distribution and abundance in the waters on and bordering the Warm Springs Reservation, 1999 Annual Report. Bonneville Power Administration, Portland, Oregon.

Brun, C.V. and R.L. Dodson  2001. Bull trout distribution and abundance in the waters on and bordering the Warm Springs Reservation, 2000 Annual Report. Bonneville Power Administration, Portland, Oregon.
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