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Folks,

Wanted to bring an issue up to all of you with regards to starting work on replacing diffuser gratings in
the WA shore BON ladder this year to help prevent stranding and mortality of adult lamprey during
salvage operations.  We had planned to use some of our funding this year to finalize designs for
gratings, intake trashrack screens, trash rakes, etc. and buy diffuser gratings, then over the next 1-2
years to buy the screens, modify the trash rake and get everything installed. With the constantly
increasing costs to accomplish these modifications we are rethinking if it still a priority or if other
actions make more sense. Current estimates run around 5M to get this done for only the BON WA shore
ladder prioritized gratings. 

Following is a summary of information I feel may be pertinent to the issue;

First, these new 3/4 inch gap gratings definitely work to stop adult lamprey from going through them. 
NMFS researchers showed this conclusively in the lab(see attachment 2).  JDA north ladder pool 16 had
diffuser gratings with this reduced gap size installed and it basically eliminated historic stranding there. 
The BON gratings to be replaced were selected and prioritized based on information given to us by
project bios based on historic locations of where adult lamprey, either dead or alive, were found under
the gratings during dewatering (first attachment).  A new grating was designed to replace the existing
gratings.  Issues began to arise about use of galvanized steel, existing insufficient supports for the
gratings at most ladders, intake screen replacement needs, and now trashrack cleaning improvements;
all escalating the costs.

Over the years several things have occurred relative to the amount of lamprey being found under
gratings in ladders (see attachments 3 and 4 from BON project Bios regarding salvaged lamprey 1999-
present).  One is the relative drop in run sizes, making it less likely to find adults under gratings. The
other deals with improvements in methods used to dewater and salvage fish such that more fish are
moved downstream quickly, adequate numbers of people and equipment are available to ensure
efficient salvage, and more.  Are there other operational practices or devices that can improve salvage
when it occurs such that grating replacement is less needed and the likelihood of stranding adult
lamprey below gratings is further reduced, is an important question.  If our entrance area modification
are successful and lead large numbers of adult lamprey into an LPS it also reduces the proportion of fish
continuing up the ladder into the areas where stranding is prevalent.

At this time it may be prudent to re-evaluate the merits of proceeding with grating replacements
considering the seemingly never ending escalation of costs involved with such efforts.  We have
estimates of $2.2 million in FY10 to build and replace fish intake trash racks but we now have to add
costs related to upgrading trash rack cleaning (new or modified trash rake) and the costs to install the
diffuser gratings.  IN 2009 we are looking at around $600+K to buy diffuser gratings, plus design
development work of $100-200K.  All in all it may cost around $5M to ensure only the historically know
problem gratings in one ladder are improved.  Ladder entrance modifications are likely to cost a similar
amount per entrance if not a bit more.  Research needs can reach up to 2 million per year to do a fairly
thorough job of keeping up with evaluating installations, including LPS planning, designing, and
installations by NMFS, and developing juvenile passage evaluations. 

We have other high priority options that we are considering focusing on instead over the next 2 years;
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Bonneville Dam Prioritization for Diffuser Grating Replacement 

If ¾ inch gap grating is determined to be acceptable for use as diffuser grating, the project would like to replace all diffuser grating in the following order of importance:  


1. WA shore ladder between weirs 33 and 19.  We have observed lamprey caught under gratings in this section after dewatering.  


2. The entrance of Cascades Island ladder.  Lamprey observed under grating during ROV inspection.  FG 6-16 through FG 6-20.   Many tagged lamprey observed in this ladder according to NOAA lamprey researchers.  

3. The entrance of B-Branch ladder.  FG 3-29 through FG 3-33

4. Cascades Island diffusers FG 6-5 through FG 6-15.  

5. B-Branch diffusers FG 3-18 through FG 3-28.  


6. A-branch diffusers FG 3-3 through FG 3-9.  


7. Downstream of weir 19 and triangle section at WA shore.    

8. Powerhouse 2 collection channel.

9. Powerhouse 1 collection channel.


Minimizing the gaps between any structure such as diffuser shafts and grating should be a priority when designing new grating.  Lamprey traveling along walls could enter below grating at the existing gaps as water levels drop during dewatering.  
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Background
Pacific lamprey Lampetra tridentata are an important cultural and ecological resource in the Pacific Northwest that must be protected. 


These lamprey are anadromous, participating in migrations to upriver spawning areas that can exceed 700 km.


Protection of adults during their migration past Columbia River hydropower dams is a priority for restoration of Pacific lamprey.


Picketed leads and diffuser grating at these dams exclude salmonids from dead-end channels, pumps, and other sources of mortality. 


Adult lamprey can pass through some of these structures, potentially resulting in delayed migration, injury, or death.  


Objective:  To determine the bar spacing needed to protect migrating adult Pacific lamprey.  


Methods
Lamprey were captured in a trap that was deployed at night in a Bonneville Dam fishway (Columbia River rkm 235).  Each morning 


experiments were conducted in the Adult Fish Facility at Bonneville Dam using lamprey collected during the previous night.


Vertical Gap Experiments


A large flow-through tank was filled with ambient Columbia River water (Figure 1).  


The tank was divided into two unequal compartments by a piece of perforated aluminum plate (0.6-cm perforations).


A vertical gap (2.5, 2.2, 1.9, 1.6, or 1.3 cm in height) was produced at the bottom of the divider by placing a spacer under the plate.


Each day, lamprey trapped the previous night were placed in the smaller tank compartment and encouraged to pass under the plate.


After approximately 15 min, the divider was lowered to the bottom to isolate lamprey that had successfully passed through.  


Individuals from both groups were anesthetized using 50 ppm eugenol, weighed (nearest g), and measured (nearest cm total length).


Circumference (girth) at the origin of the first dorsal fin was also measured (nearest mm).  


Three replicates of each of the five vertical gap treatments were made at approximately 1-week intervals.


Hierarchical analysis of variance was used to determine whether there were differences in lamprey size among dates and treatment


groups.  


Horizontal Dewatering Simulation


We tested traditional diffuser grating (2.5- × 9.2-cm openings, Figure 2) and a similar material that had 1.9- × 9.2-cm openings.


The large (1.8 × 0.9 × 0.6 m), flow-through tank was filled with ambient Columbia River water.


A horizontal grate was installed at a depth of 15 cm to completely separate the tank into upper and lower compartments.


Ten lamprey were placed in the tank above the randomly-selected grate and allowed to acclimate for 5 min.


Water in the tank was lowered 30 cm in 3 min so that lamprey were stranded on the grate and induced to pass through it (Figure 3).


The experiment, using the same lamprey, was then repeated with the other grating size.


Lamprey that passed down through the grate were scored, and all lamprey were anesthetized, measured, and released.


A t-test was used to determine whether there were differences in size between lamprey that passed through and those that did not


for each treatment


Figure 1.  Experimental apparatus 
used to test lamprey ability to
pass through a vertical gap.  A
vertical gap of 2.5, 2.2, 1.9, 1.6,
or 1.3 cm was created by placing
a spacer of the appropriate size
under the perforated partition.


Perforated 
partition


Figure 2.  Photograph of traditional diffuser grating 
material with 2.5-cm bar spacing.


Figure 3.  Cartoon of horizontal dewatering simulation as viewed from the side.  A grate (either 2.5- or 1.9-cm bar spacing) was
installed in a tank at a depth of 15 cm and lamprey were released above it.  The water level was then dropped by 30 cm over the
course of 3 min, so that the lamprey were stranded on the grate for 2 min and induced to pass vertically through it.


RESULTS


Vertical Gap Experiments


There were no significant differences in fish length (F = 1.05, df = 15, P = 0.41 ), weight (F = 0.46, df = 15, P = 0.96), or girth


(F = 0.42, df = 15, P = 0.97) among treatments or test dates. 


The mean length of lamprey tested was 67.5 cm (standard deviation = 4.2, range = 53.0 -79.0).  Mean weight was 494 g 


(standard deviation = 85, range = 282-800) and mean girth was 11.3 cm (standard deviation = 0.8, range = 9.2-13.7). 


All lamprey were able to pass through the 2.5-cm gap, and none were able to pass through gap sizes of 1.9-cm or less (Table 1). 


For the 2.2-cm treatment group, there was no significant difference in length (t = 0.49, df = 85, P = 0.62 ), weight


(t = 0.44, df = 85, P = 0.66 ), or girth (t = 0.52, df = 85, P = 0.60) of fish that passed through and those that did not (Figure 4).


Table 1.      The mean and standard deviation in () of lamprey length, weight, and girth (cm) for each 


vertical gap treatment. The percentage of lamprey that were able to pass through is also given.


Treatment          N           Length (cm)           Weight (g)              Girth (cm)           Passage 


2.5 cm             53             67.5 (4.3)            489.7 (76.5)             11.4 (0.8)        100%


2.2 cm             87             67.5 (4.1)            496.7 (87.7)             11.3 (0.8)        47%


1.9 cm             23             67.5 (3.8)            492.8 (83.7)             11.3 (0.8)        0%


1.6 cm 33             68.4 (4.8)            506.0 (97.4)             11.4 (0.8)                0%


1.3 cm 46             67.0 (4.0)            485.6 (80.4)             11.3 (0.8)                0%


Horizontal Dewatering Simulation


Mean size of lamprey (n = 50):   length = 67.5 cm (standard deviation = 4.7, range = 56.0-77.0), 


weight = 481 g (standard deviation = 88, range 284-684), and girth = 11.0 cm (standard deviation = 0.9, range = 8.9-12.9).  


None of these lamprey were able to pass down through the 1.9-cm grating, but 86% passed down through the 2.5-cm grating. 


Lamprey stranded on the 2.5-cm grating were significantly larger than those that passed through (Figure 5):  


length (t = 2.42, df = 48, P = 0.02), weight (t = 4.38, df = 48, P < 0.0001) or girth (t= 4.50, df = 48, P < 0.0001).
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Figure 5.  Frequency histogram of the 
lamprey girth (cm) recorded for fish that
passed through the 2.5-cm bar spacing 
and those that were stranded on it during
horizontal dewatering simulations.


Figure 4.  Size frequencies (weight in top panel and girth in bottom 
panel) of adult Pacific lamprey that were able to pass through a 
2.2-cm vertical gap and those that were blocked by a 2.2-cm gap.


CONCLUSIONS


A 1.9-cm bar spacing is needed to exclude most adult Pacific lamprey in the Columbia River drainage.  


In a field test, no lamprey were able to pass through when 2.5-cm grating was replaced with 1.9-cm grating in the winter of 2005 


at Pool 16 of the John Day Dam south fishway (Columbia River Kilometer 347).


The very smallest end of the Pacific lamprey size frequency distribution may have been missed in our testing because lamprey shrink


during freshwater residence.  The smallest lamprey in this study was 53 cm long, weighed 282 g and was 9.2 cm in girth.


Lamprey movement through a gap did not seem to be affected by gap orientation. 


ACKNOWLEDGMENTS
We thank P. Smith for providing grating material and J. Hodges for help with trapping and conducting experiments.  J. Simonson and 
J. Moser built the experimental apparatus and lamprey trap.  D. Clugston, D. Dey, T. Mackey, T. Ruehle, and C. Peery provided 
administrative support. This project was funded by the U.S. Army Corps of Engineers, Portland District.


0


2


4


6


8


10


12


14


8.5 9 9.5 10 10.5 11 11.5 12 12.5
Girth (cm)


N
um


be
r o


f L
am


pr
ey


Were Stranded


Went Through


0


5


10


15


20


25


300-
350


351-
400


401-
450


451-
500


501-
550


551-
600


601-
650


651-
700


701-


Weight (g)


N
um


be
r o


f L
am


pr
ey


went through 2.2 cm
blocked by 2.2 cm


0.9 m


1.
8 


m


0.
6 


m






CENWP-OP-B












27 July 2003


MEMORANDUM FOR THE RECORD


SUBJECT: Mid season fishway dive results for PH1, Main dam and PH2 fishways.


1. Divers inspected the PH2 collection channel from 0800 until 1625 on 21 July.  Everything appeared normal.  There was the usual debris in the center gratings but not much else.  Divers removed the old staff gauge frame for SUE from the fishway.  Divers installed a new velocity meter on the upstream wall, just a few feet south of the transverse bulkhead slot at the north end of the PH2 collection channel.  The meter is 18” from the bottom of the fishway.  


2. Divers inspected the Cascades Island fishway from 0745 until 0912 on 22 July.  Divers were able to inspect up to FG6-11.  There were several dozen dead lamprey in the fishway and under the diffuser grating.  A couple dozen dead shad were seen on top of the grating.  Everything else looked normal.


3. Divers inspected the B-Branch fishway from 1000 until 1100 on 22 July.  Divers were able to inspect up to FG3-23.  There were a few dead lamprey and shad, everything else looked normal.


4. Divers inspected A-Branch and the PH1 collection channel from 1142 until 1335 on 22 July.  Some dead lamprey and shad were found in the center of the collection channel.  A torpedo shaped weight was found near OG/SG #9.  A leaf gate, probably belonging to OG/SG #21, was spotted but not removed.  Everything looked normal.


5. Video of the inspection is available if anyone is interested.









Tammy Mackey









Bonneville Fisheries Biologist
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						# of Lamprey

		Location		Date		Alive		Dead

		AFF		11/24/98		5

		CI		12/1-2/1998		5

		WA shore to TW		12/9/98		4

		A&B branch to TW		1/20-21/1999		50

		PH1CC to MU2		2/10/99		3

		AFF		8/11/99		6

		AFF		11/2/99		2

		WA Shore/UMT		12/1/99		100

		WA Shore diffusers 13-15		12/4/99		75

		BI ladder		1/11-14/00		1

		BI Junction pool		1/11-14/00		1

		B-branch		12/7-8/00		7		1

		FG3-12		12/27/00		12

		BI Junction pool		12/10/01		1

		CI ladder		2/4/02		8

		CI diffuser pools		2/5/02		1

		WA Shore		2/11/02		14

		WA Shore		2/21/02		2

		WA Shore		12/3/02		200-300

		CI entrance		12/17/02		7

		UMT		12/18/02		15

		BI ladder		2/3/03		33

		BI Junction Pool		1/20/04		1

		BI AWS Channel		1/21/04		21

		WA Shore and AFF		11/29/04		250-300

		BI ladder		12/5/05		13

		AFF		12/9/06		12

		WA Shore		12/11/06		9

		CI ladder		12/13/06		1

		BI ladder		12/17/07		2

		BI Junction pool		12/3/08		3

		PH2 AWS conduit - N		2/18/09		1
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Project Summary


A.  Goal


The goal of this study is to increase our knowledge of the migration behavior of juvenile Pacific lamprey Entosphenus tridentata near FCRPS dams in the Columbia River basin (CRB).  To achieve this, we will conduct exploratory tagging and sampling in the field to determine the spatial distribution of fish near dams and estimate the injuries incurred as they pass dams.  To facilitate future studies, we also plan to evaluate the effectiveness of gastrically implanting juvenile lampreys with Passive Integrated Transponder (PIT) tags and use reverse-engineering to determine the size of active tag necessary for future monitoring studies of these fish.  


B.  Objectives 


1. Evaluate the efficacy of using plankton nets for collecting and evaluating the condition of juvenile lampreys directly up- and downstream from a Columbia River dam.  


2. Evaluate the effectiveness of depth-stratified, vertically oriented fyke nets equipped with PIT-tag detectors in the open cod end for documenting the vertical distribution of juvenile lampreys as they approach dams.  

3. Document the survival, rate of tag loss, and swimming performance of juvenile lampreys that have been gastrically or surgically implanted with PIT tags.


4. Determine the maximum size and mass of a transmitter that juvenile lampreys could carry—without loss of performance—for the future development of radio or other devices to monitor aspects of their migration behavior. 

C.  Methods


Briefly, we propose to evaluate the effectiveness of using plankton nets for collecting juvenile lamprey (macropthalmia) in the tailrace and forebay of John Day Dam.  We will fish the nets at different depths across a lateral transect of the river to characterize the vertical and horizontal distribution of fish immediately up and downstream of the dam.  Captured fish will be inspected for general health and condition and we will compare fish from the juvenile collection facilities to those captured in the field to infer routes of passage and estimate rates of injury incurred during passage.  We also plan on estimating the capture efficiency of plankton nets for juvenile lampreys by marking a large group of fish, releasing them upstream from the dam, and sampling in the forebay and tailrace.  


We also propose to assess the possibility of using depth-stratified fyke nets outfitted with PIT-tag detectors in their open cod ends for monitoring the spatial distribution of juvenile lampreys at they approach dams.  This task will include design and construction of a prototype apparatus, installation in the forebay of John Day Dam, and monitoring the releases of PIT-tagged fish upstream of the dam. 

Finally, in a series of laboratory experiments, we will evaluate the effectiveness of tagging juvenile lampreys with PIT tags by inserting the tag into the gastrointestinal (GI) tract.  This method has not been tested before and warrants comparisons with surgical implantations.  We will also determine the size and mass of a tag that can comfortably fit in the body of a juvenile lamprey without altering its performance.  The size of this package can then be used for discussions with tag manufacturers to develop a radio or acoustic telemetry tag or some other device for tracking the movements of juvenile lampreys in the CRB.  Collectively, all of the work described herein could lead to methods for estimating the reach or system survival of juvenile lampreys as they migrate through the CRB.  

D.  Relevance


In 1994, the U. S. Fish and Wildlife Service (FWS) designated Pacific lamprey as a Category 2 candidate species and in 2003, these fish, along with two other lamprey species, were petitioned for listing under the Endangered Species Act.  Listing consideration and potential recovery planning was, and still is, significantly limited by a lack of information on the basic biology and ecology of this species.  Improving lamprey passage at FCRPS dams and other structures was identified as the highest priority for lamprey recovery by the Columbia Basin Pacific Lamprey Technical Workgroup (a subgroup of the CBFWA Anadromous Fish Committee).  Declines in lamprey populations have raised concerns among tribal agencies throughout the CRB (Close et al. 2002).  This project will address persistent concerns raised by tribal agencies, the U. S. Army Corps of Engineers (COE), and the Northwest Power Planning Council in section 7.5F of the 1994 Columbia River Basin Fish and Wildlife Program related to effects of dams on passage of lampreys in the CRB.  This project will specifically address the issue of assessing and improving juvenile lamprey passage and survival at dams—a subject that has been raised repeatedly by Columbia River tribes and remains poorly understood.  


Project Description

A.  Background


Numbers of adult and juvenile Pacific lamprey Entosphenus tridentata in the upper Columbia and Snake rivers of the interior Pacific Northwest have declined precipitously from historical levels (Close et al. 2002), prompting the petition for listing under the Endangered Species Act in 2003.  Pacific lamprey are anadromous and must pass eight dams to return to spawning areas in the Snake River, which were historically in all drainages used by salmon and steelhead (Simpson and Wallace 1982).  Obviously, outmigrating juvenile lampreys, or macropthalmia, from the Snake River basin must negotiate these same eight dams to reach the ocean and fulfill their life history.  Lack of basic knowledge on the biology, ecology and behavior of lampreys has significantly limited our ability to effectively manage and protect these native fish.  Although research is ongoing to investigate factors affecting adult lamprey migration success and passage at dams, little is known about juvenile lamprey migrations in the CRB.  Methods to study juvenile lamprey migrations, timing, distribution, survival, etc., need to be developed to better understand the ecology and biology of this life stage and to assess the impacts of the FCRPS on these fish.  

Factors affecting adult and juvenile lamprey migrations are limiting current reproductive potential of upstream populations.  Efforts are ongoing in the CRB to improve upstream passage success for adult migrants.  To date, little research has been directed at understanding juvenile migrations and what factors affect survival to the ocean. Pertinent questions include: (1) what is the abundance of juvenile outmigrants?; and (2) what is their passage success through reservoirs and at dams?  Early netting studies suggested that juvenile lampreys migrate deep in the water column, indicating that they predominantly pass into turbine draft tubes (Long 1968).  If so, what are effects of turbine passage on survival?  If they do not pass in significant numbers through turbine draft tubes, what other routes are used and what are the associated survival rates?  Given changes to many dams in the FCRPS, what is the current depth distribution of juvenile lampreys as they approach dams?  A significant limitation to addressing such questions is the lack of methods to study juvenile life stages of lampreys.  This proposal was prompted by ongoing discussions with other researchers and COE officials regarding development of effective methods to investigate juvenile lamprey behavior and passage and by the requests for preliminary proposals issued by the COE in July of 2006.  Information collected by this project would help us better understand juvenile lamprey collection, tagging, and monitoring methods which could be used for developing survival estimators and to document the health and condition of outmigrants at dams.  This information is critical for managing dam operations that can enhance juvenile lamprey survival through the FCRPS.  

For 2009, we propose to evaluate the effectiveness of plankton nets for collecting juvenile lampreys near dams, explore the efficacy of a series of vertically-oriented fyke nets with open cod ends and PIT tag detectors for monitoring the depth distribution of lampreys near dams, evaluate new ways of tagging juvenile lampreys with PIT tags, and conduct laboratory experiments to determine the size and mass of a tag that can fit within the body cavity of a juvenile lamprey without altering its performance.  Collectively, this work will provide the foundation for monitoring various aspects of juvenile lamprey migrations in the future. 

B.  Objectives for 2009

1.
Evaluate the efficacy of using plankton nets for collecting and evaluating the condition of juvenile lampreys directly up- and downstream from a Columbia River dam.  


2.
Evaluate the effectiveness of depth-stratified, vertically oriented fyke nets equipped with PIT-tag detectors in the open cod end for documenting the vertical distribution of juvenile lampreys as they approach dams.  

3.
Document the survival, rate of tag loss, and swimming performance of juvenile lampreys that have been gastrically or surgically implanted with PIT tags.


4.
Determine the maximum size and mass of a transmitter that juvenile lampreys could carry—without loss of performance—for the future development of radio, acoustic or other devices to monitor aspects of their migration behavior. 

C. Methods


1.  Evaluate the efficacy of using plankton nets for collecting and evaluating the condition of juvenile lampreys directly up- and downstream from a Columbia River dam.  


We will use fine mesh plankton nets to sample specific depths to determine the spatial distribution of juvenile lampreys across a river transect directly downstream from John Day Dam.  John Day Dam usually has good numbers of juvenile lampreys at their bypass facilities (see www.fpc.org) and thus would be a good area for sampling.  Plankton nets of various sizes, such as those used for neuston surveys, will be set at different depths behind a boat anchored in the tailrace of the dam.  The boat will be operated so ambient flow is just enough to maintain nets in horizontal position to minimize injuries to lampreys and other incidentally caught fish.  We will fish the nets at depth intervals of about 5 m, starting near the bottom and working up towards the surface.  The duration of each set will be determined empirically to provide a workable balance between capture of fish and clogging and cleaning of the net.  We surmise, however, that an individual set will last no more than a couple of hours.  We will sample at the various depths at set points across a transect spanning the river, to create a matrix of sample locations for describing the spatial distribution of lampreys in the river.  

Fish collected from each sample location will be held in separate buckets or tanks with aerated water for later processing.  For each lamprey caught, we will record stage (ammocoete or metamorphosed macropthalmia), length, weight, and presence of any marks or injuries.  All bycatch will be recorded and released immediately.  We will time our sampling to coincide with the peak passage of juvenile lampreys at John Day Dam based on the previous 10 years of lamprey counts at the dam by personnel from the Smolt Monitoring Program (see www.fpc.org).  We anticipate sampling would occur from April through June.  During our sampling, we will coordinate with personnel from the juvenile (salmon) bypasss facility (JBF) at the dam to record numbers of juvenile lampreys that are passing.  We will sample 30 individuals from the JBF three times per week to evaluate their relative health and condition.  

We also plan to conduct parallel surveys in the forebay of the dam to estimate approach depths, distribution, and health and condition of juvenile lampreys prior to passing the dam, using the methods described above.  As part of these surveys, we plan on obtaining a large sample of fish from the JBF (e.g., 500 individuals), marking them by removing a notch from their caudal fin, and releasing them some distance upstream of the dam (e.g., 2 – 5 km).  As we are sampling for the run at large, we will monitor our catch for marked individuals to provide some insight into the capture efficiency of plankton nets for collecting macropthalmia.  We will repeat this procedure several times if possible, depending on time and logistical constraints and the availability of test animals.  

All data collected will be used to create quasi-three dimensional maps of juvenile lamprey locations in the forebay and tailrace of the dam.  This information will be used to infer routes of passage.  We will compare the condition of fish up and downstream of the dam to estimate injury rates associated with passage route.  


2.  Evaluate the effectiveness of depth-stratified, vertically oriented fyke nets equipped with PIT-tag detectors in the open cod end for documenting the vertical distribution of juvenile lampreys as they approach dams.


We are also proposing to explore the possibility of using depth-stratified fyke nets outfitted with PIT-tag detectors to determine the depth distribution and potential route of passage of juvenile lampreys as they approach a dam.  For our first year, we expect most of our efforts will be directed at the design and construction of a prototype apparatus.  Briefly, we envision this device to be series of interconnected, conical fyke nets arranged vertically in a manner similar to a vertical gill net.  The total length of the device will depend on the depth of water to be sampled, the diameter of the outside ring on any fyke net, and the number of such nets we connect together.  The cod end of each fyke net will be open—allowing all fish to pass through—and equipped with a PIT-tag detector in a manner similar to that of the trawl used by Ledgerwood et al. (2004) in their studies of juvenile salmon migrations in the Columbia River estuary.  The netting used in each fyke net will be of a small enough mesh size to allow fish to move through quickly and with minimal chance for entanglement.  


For deployment in the field, our device would be suspended and anchored in the river using methods similar to those described by Hansson (1988).  All of the PIT-tag antennas would be connected to a single multiplexing data logger and computer placed on a small platform near the deployed net.  Thus, our device would be a stationary, passive device that would sample a volume of water commensurate with the diameter of the outside rings of the individual fyke nets.  To test the device in the field, we will release a large sample of PIT-tagged juvenile lampreys upstream of the dam, as described above.  We surmise, however, that such testing would probably occur during a second year of research.  In the end, we believe that the development and use of the device described here will allow monitoring of the depth distribution of juvenile lampreys as they approach a dam without hurting them or other fishes.  This device could also be useful for monitoring other species (e.g., juvenile salmonids) and perhaps estimating reach survival of outmigrating lampreys. 

3.  Document the survival, rate of tag loss, and swimming performance of juvenile lampreys that have been gastrically or surgically implanted with PIT tags.  



Recently, Mueller et al. (2006) determined the feasibility (i.e., efficiency and nonintrusiveness) of tagging macropthalmia with PIT tags, evaluating a surgical implantation method with and without a suture, tag loss, short term (40 d) mortality, and swimming performance of tagged and untagged individuals.  Briefly, they found that 2.6% of the tags were shed in fish that did not receive a suture, mortality was low when fish were held at 8°C but increased significantly when fish were transferred to temperatures ranging from 19 – 23°C, and maximum burst speeds were lower for the PIT-tagged group.  However, their results might not be applicable to all situations because they did not evaluate other possible methods of tag insertion, used 12-mm PIT tags, and exposed fish to temperature changes that may not be ecologically realistic.  Because PIT tag studies of juvenile lampreys, like those for salmonids, have great promise for understanding their movements and distribution, we believe more information is needed to fully understand the efficacy of this technique for macropthalmia.  


For this objective, juvenile lampreys will be collected in the spring or early summer from the John Day or Bonneville Dam JBF and transferred to laboratory facilities at the Columbia River Research Laboratory (CRRL).  Fish will be held in circular tanks receiving water from the Little White Salmon River under an ambient photoperiod and temperature regime.  Briefly, fish will be divided into three groups based on the treatment they will receive—either gastrically tagged, surgically tagged, or untagged controls.  For the gastrically tagged group, we will insert a PIT tag into the mouth of an anesthetized (250 mg/L MS222) lamprey and use a small glass rod to push the tag into their GI tract, just past the last gill pore opening.  We will follow the methods described by Mueller et al. (2006) for the surgical group, using a single suture at the entrance site.  Control fish will simply be anesthetized and handled but will not be sham tagged.  In contrast to the study by Mueller et al. (2006), all tags used in this work will be 8-mm long.  Groups of 75 fish from each treatment will be held for 60 – 90 d under simulated ambient Columbia River conditions.  We will monitor the health, condition, tag loss, and mortality of each group for the duration of the test.  For our swimming performance experiment, separate, smaller groups of fish will be tagged and held for 24-h prior to testing.  Thirty fish from each treatment group will be subjected to a step-wise critical swimming speed (Ucrit) test according to methods outlined in Brett (1964).  We will compare mean Ucrit values between groups using one-way ANOVA.  

4.  Determine the maximum size and mass of a transmitter that juvenile lampreys could carry—without loss of performance—for the future development of radio or other devices to monitor aspects of their migration behavior.

Development of a radio or other active tag to monitor the migration, distribution, and survival of juvenile lampreys—in a manner similar to that for juvenile salmonids—is a critical need for lamprey researchers and managers.  The development of such a device would be a useful addition to PIT-tag technology for the study of juvenile lampreys.  For this objective, we would collect, transport, and hold some lampreys (as described in Objective 3) and use reverse engineering to determine the maximum dimensions and mass of a tag that will fit into their body cavity without impacting performance.  First, we will inspect lamprey carcasses 100 to 150 mm in length (about 20 fish) and use volumetric measures to estimate the appropriate size, dimensions and locations for an internal active transmitter.  Next, we will outfit live fish with dummy tags of sizes we judge appropriate and observe fish with and without dummy tags to assess biological compatibility.  As noted above, Mueller at al. (2006), and early work by Schreck et al. (1999), indicated that juvenile lamprey macropthalmia larger than about 115 mm length and around 2 g weight, could be effectively outfitted with a standard PIT tag, (12.5 mm x 2.1 mm, 0.102 g) with minimal effects on survival and behavior.  Schreck et al. (1999) suggested the PIT tag was the largest tag that could be effectively used with juvenile lampey migrants.  However, design specifications that differ from that of a PIT tag (e.g., non-rigid casing, non-circular cross-sectional shape, lighter materials) may allow for a more effective juvenile lamprey tag.  We will construct dummy tags of various shapes and masses out of materials commonly used to encase transmitters (e.g., resins or epoxies).  These packages will be implanted into the body cavity of juvenile lampreys either surgically or by gastric insertion (as described above).  Groups of tagged and untagged animals will be held in tanks or annular flumes to monitor survival and general behavior and activity.  We anticipate natural behavior will be fish moving with flow (downstream) near or on the bottom while showing typical sinuous swimming motions or attaching to sides and bottom of the channel for periods of time.  Atypical behavior would be fish not swimming and not attaching to surfaces consistently.  We will also subject groups of fish to swimming tests (again, as described above) at intervals (e.g., fish tested at 1, 2, 4, 8, 16, and 30 d post tagging) to assess the effects of dummy tags on swim performance.  We anticipate tag weights will be 1%, 2% and 3% of juvenile lamprey weights, which can weigh between 2 to 4 g, equating to maximum transmitter weights of 0.04 to1.2 g each.  Other increments may also be tested.  We anticipate using ten fish per treatment (total 20 fish per test) for each dummy tag configuration.  


In the end, we hope to derive the size, shape, and weight characteristics of a transmitter package that could be used effectively in juvenile lampreys.  The resulting product could then be presented to tag manufacturers for development and engineering.  

D.  Facilities and Equipment 


All equipment needed for the work described here will be provided by the research agencies or purchased using project funds.  We anticipate the most expensive items to be purchased for this project include various plankton nets, fyke nets (which may have to be customized), and equipment associated with the PIT tag antennas and data loggers.  The CRRL in Cook, WA, is part of the USGS’s Western Fisheries Research Center (WFRC).  The CRRL has three state-of-the-technology analytical laboratories dedicated to enzymology, immunology and cell culture, and general physiology.  The laboratory is staffed with trained technicians and biologists proficient in many fishery biology techniques with backgrounds in fish behavior, physiology, telemetry, and ecology.  The 1500 sq. ft. wet lab facility is adequate to conduct a variety of studies, including investigations into fish development or behavior, disease resistance, reproduction, predator avoidance, thermal preference, osmoregulation, swimming performance and bioenergetics.  The CRRL has a large fleet of modern boats of all sizes and a modern computer network that services over 100 users at the facility and a GIS laboratory.  Computer software available for data analyses includes SAS, Excel, SigmaPlot, Statgraphics, and a variety of other word processing and data management software.  The CRRL has its own T-1 line for fast Internet access.


E.  Impacts of study on Corps projects and other activities


Division or district Corps personnel will be needed to provide technical review of research proposed for 2009 and assistance from project personnel will be required as follows:


1.  Provide access to the Juvenile Fish Facilities at John Day and Bonneville dams to sample and collect juvenile lamprey.  We anticipate a time frame for this from about April – June, 2009.  

2.  Provide access to forebay and tailrace areas at John Day dam, including potentially inside boat restricted zones, for sampling during night and day.  This work would occur from May – June, 2009.  

Biological Effects


During our field sampling, juvenile lamprey, and perhaps other fishes, collected in plankton nets may incur injuries during sampling.  This is actually one aspect of this sampling that we have to determine.  Techniques similar to those used for zooplankton sampling will be used to minimize any risks.  Although we do not plan to deploy the vertical fyke nets in 2009, their use, with open cod ends, should pose minimal risk to juvenile lampreys and other fishes.  We are concerned, however, with these devices being exposed to debris.  This will be part of our future evaluation regarding the efficacy of this technique.  All fish that we capture in the field will be returned to the river after processing and the number of fish we may encounter is unknown.  To our knowledge, this type of sampling has not been tried before in the vicinity of an FCRPS dam.  For our laboratory work, there will be an impact to the lamprey population because we will be collecting fish from a dam and transporting them to our laboratory.  We do not anticipate that any of these fish will be released back into the Columbia River.  For Objectives 3 and 4, the total number of juvenile lampreys needed is about 500.  

Key Personnel


The Principal Investigators for this project are Chris Peery, Matt Mesa and Frank Loge.  All will be involved in many aspects of this project, including planning, administration, protocol development, permitting, equipment specifications and purchase, data analysis, and reporting.  In general, Dr. Peery will oversee work related to Objective 1, whereas Dr. Mesa will oversee work involved with Objectives 2 and 3.  All three will actively address Objective 4.  

Technology Transfer



Information and analyses from this study will be provided regularly to managers via reports and oral presentations.  Information that is appropriate will be published in scientific journals.  Special efforts will be made to provide information to managers on a real-time basis as needed. 
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Budget 


Because some work elements in this proposal may be delayed or eliminated after final review, we have decided not to present a detailed budget at this time.  When final decisions are made on this proposal, we will develop a complete, detailed budget in short order. 


PAGE  

1





1. Initiate design development of entrance modifications at BON WA shore ladder and MCN ladder to try
to keep on our timetable for entrance modifications.  Entrance mods are likely to provide the biggest
improvement for adult passage of any options, assuming our designs and tests prove them effective. 
NWP engineers are starting work to develop designs for modifying BON 2 WA north downstream
entrance to be more lamprey-friendly.  This entrance is one of worse anywhere with regard to entrance
efficiency and has more lamprey attempt to use it than anywhere.  There are significant structural
changes that need to be addressed to make entrance modifications. NWW engineers plan to start
design work for MCN south entrance mods this year (this entrance is rather different in that it cannot be
dewatered and has plenty of depth that may require a different design of an entrance) and do serious
modeling next year as well. 
2. To initiate juvenile research on tag criteria (basically this would entail objectives 3 and 4 in the
juvenile tag evaluation proposal from Mesa, Peery, and Lodge).  Before we build any type of prototype
tags we need to know what size, shape, and materials juvenile lamprey can tolerate and still behave
close enough to normal to get meaningful data from evaluations.  This work should do that.
3.  To ensure that the engineering work needed to prepare for next winter's implementations of smaller
scale lamprey fixes at MCN are completed.
For winter of 2010 we are already planning to address some of the smaller scale fixes in the MCN
ladders found during inspections.  NWW engineers need to plan how to accomplish those fixes this year
without negatively affecting the functions of the ladder.  We will also be undertaking the lamprey
modifications in the exit section of JDA north ladder next winter.

IN FY09, we are continuing to develop the entrance modification DDR design work for JDA north ladder
dam as well.  This is beside the LPS work at CI and associated tagging and passage metric research
ongoing at dams from BON through MCN and beyond.

Now that we are discovering the real costs of some of our planned Accord actions we need to make
sure we all understand the hard choices about what and how fast we can accomplish our goals and how
that affects prioritization.  I would really appreciate your feedback regarding this issue and the
prioritization of actions to take in 09 and 10.  We need to make decisions quickly to ensure we can
move forward on some of these items this year. 

Regards,

David


