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a. Abstract   

Research in the past seven years confirms that juvenile salmonids migrating in the Columbia and Snake rivers are not adversely affected by total dissolved gas supersaturation (TDGS) resulting from voluntary spill (i.e., < 120%).  This 120% level of no impact also appears to be true of many resident fish species.  However, there are several species of aquatic animals that use different parts of the mainstem rivers about which there are still critical uncertainties relative to the affects of TDGS. These gaps in knowledge need to be answered in the event that fish managers or water quality agencies want to modify the spill program, or water quality waivers or standards. The goal of this project is close the gaps in our knowledge of the effects of TDGS > 110% on species of concern in the Columbia River Basin.  These species include bull trout, white sturgeon, Pacific lamprey, spawning adult salmonids, and aquatic invertebrates.  Because these aquatic animals may be at risk during different life stages and inhabit different parts of the river, we will use a wide variety of experimental approaches—including field studies using archival depth tags and other telemetry (bull trout, lamprey), stationary drift samplers (sturgeon larvae, aquatic invertebrates), and laboratory studies (lamprey, adult salmonids)— and conduct studies in different parts of the Columbia Basin to assess the impacts of high TDGS.

b. Technical and/or scientific background
Beginning in 1995, water has been spilled voluntarily at Snake and Columbia river dams to provide an alternate, relatively safe route of passage for juvenile salmonids migrating to the ocean.  However, spill can also cause water to become supersaturated as entrained air is forced into solution under the pressure of water cascading into the plunge pool.  This total dissolved gas supersaturation (TDGS) can cause gas bubble disease (GBD) in aquatic animals, which can reduce their ability to survive through direct mortality or by sub-lethal effects that reduce fishes’ ability to do things necessary for survival (e.g., migrate, feed, avoid predation, resist disease).  Because of concern about the effects of gas supersaturated water on juvenile salmonids, the Columbia River Research Laboratory (CRRL) conducted a series of field and lab experiments to address some critical uncertainties (Mesa and Warren, 1997; Beeman and Maule 1998; Hans et al. 1999; Weiland et al. 1999; Beeman et al. 2000; Mesa et al. 2000).  This work suggests that the gas-supersaturated water resulting from the voluntary spill program has little effect on the survival of migrating juvenile salmonids.  We have also determined that acute exposure of adult spring chinook to gas supersaturated water similar to that experienced by fish as they migrate passed Columbia Basin hydropower dams had no effect on their survival and reproductive success (Gale et al. 2001; in review).  

This fall the CRRL will complete analyses and the final report of a 4-year study of GBD in resident fish in Lake Rufus Woods, below Grand Coulee Dam (Venditti et al., 2001). We examined 21 species of fish during the years of our field work (1999 –2001) and found no bubbles in fish in the wild; TDGS, however, never exceeded 115% during this time.  We did find that, while most species appeared to have healthy 

	Table 1.  Length of time to 50% mortality (LT50) for largescale sucker (LSS), longnose sucker (LNS), northern pikeminnow (NPM), redside shiner (RSS), and walleye (WAL) at 125 and 130% total dissolved gas supersaturation in shallow tank experiments.



	Species
	LT50 (h)

   125%                 130%

	LSS
	17.0
	9.5

	LNS
	56.0
	30.0

	NPM
	15.3
	10.5

	RSS
	116.0
	31.0

	WAL
	169.0
	62.0
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Figure 3.  Continuous tracks of depth behavior of a single largescale sucker (top) and longnose sucker (bottom) in Lake Rufus Woods, June 2001.  Data were collected from surgically-implanted, depth-sensitive archival tags. Vertical axis is depth (meters) and dashed horizontal line identifies 2-m depth.

year class structure—based on length frequency distribution—(Figure 1), other species were missing year classes (Figure 2) that would have been spawned during years (1996, 1997) of high gas (TDGS > 125%).  In lab experiments with five of the most abundant or most economically important species we found 10-fold differences in their sensitivities to gas supersaturated water (Table 1). We also determined the depth behavior of several species in the reservoir; we found that species that appeared to be missing year classes from years of high gas supersaturation and were most sensitive in lab experiments, also spent more time above 2-m depth—the depth where hydrostatic compensation would protect them from gas supersaturation of up to 120% (Figure 3).  Our results are in strong agreement with Ryan et al. (2000) who examined almost 40,000 in 27 species of non-salmonid fishes in the Snake and lower Columbia rivers.  Of the most frequently examined fish, there was a 30-fold difference in the prevalence of signs of GBD, and  they also reported 120% TDGS as the point above which signs of GBD became most frequent.   

All of these data suggest that variability in physiology and behavior determine whether or not a species will be sensitive to high gas supersaturated water.  While we have considerable information about the impacts of TDGS on some species of fish in the Columbia Basin, there are gaps in our knowledge that must be addressed to give managers the ability to consider changes in the spill program.  The work we are completing in Lake Rufus Woods provides information about many species that are distributed throughout the Columbia Basin.  There are, however, several species of concern about which we have little or no information.  Foremost among these are ESA-listed bull trout (Salvelinus confluentus) and white sturgeon (Acipenser transmontanus), and Pacific lamprey (Lampetra tridentatus).  Moreover, we have shown that acute exposure to 115 to 130% TDGS in shallow tanks did not affect reproductive success of adult chinook salmon (Gale et al., 2001; in review).  We do not know, however, the effects of a single, acute exposure on other perhaps more sensitive salmonid species (Backman and Evans, in press), nor the effects of multiple acute or chronic exposures on reproductive success of any adult salmonids.  Further, very little is known about the effects of TDGS on aquatic invertebrates.  Each of these species (or groups) have unique life history characteristics, physiology and behavior, and have highest abundances in different parts of the Columbia Basin.  Moreover, differing geo- and channel morphology in the Columbia River result in different mixing zones downstream of hydropower dams.  These factors require different approaches to address critical uncertainties about the impacts of TDGS on these species of concern.  

Bull trout.  Bull trout are listed under the ESA and the FWS 2000 BiOp lists gas supersaturated water as a major concern at 15 hydropower dams in the Columbia Basin (Table 9, page 60).  The reason for this concern is the large degree of uncertainty about the migratory behavior of bull trout.  It is known that these fish leave the Columbia River mainstem for spawning migrations up the Hood River in May through July—the time of voluntary spill. Bull trout are also known to spawn and rear in the Tucannon River and use lower Snake River reservoirs as migration corridors or feeding grounds.  The uncertainty about the effects of TDGS on bull trout is evidenced in the FWS 2000 BiOp:  “Research is needed to determine when bull trout reside in the Lower Columbia River, the size of bull trout when they are present in the Lower Columbia River, and the depth of water inhabited.”  

In order to determine the extent to which bull trout migrate at a depth and time that would put them at risk of GBD, we propose to collect fish at the Powerdale Dam on the Hood River and outfit them with archival depth and temperature tags such as we have used in Lake Rufus Woods (see Figure 3).  The tags will have 12-month lifespans and record depth every 15 mins.  The fish will also receive a PIT tag by which to identify the fish the second time it is collected at the dam.  The archival tag will be removed non-lethally and the migratory depth and temperature will be downloaded.  Because these data are chronological from the time of implantation, we will be able to correlate the migratory behavior with general water quality conditions in the Bonneville Pool.  We have been in contact with Steve Theisfeld (WDF&W) and Rod French (ODF&W) and understand that the number of bull trout using the Bonneville Pool is small.  Steve Theisfeld is also submitting a proposal to radio tag bull trout at Powerdale Dam.  We will be cooperating with both agencies to minimize the impacts on the fish.  Depending upon the accessibility of bull trout in the Tucannon River, a similar study could identify potential risk in the lower Snake River.

If this initial study of bull trout migratory behavior suggests that they are in shallow water at a time when they might be exposed to high TDGS, we will conduct laboratory studies similar to those with juvenile (Mesa et al. 2000) and adult salmon (Gale et al. 2001; in review) to determine if this species is at risk from lethal or sub-lethal effects of GBD.

White sturgeon.  The Kootenai white sturgeon population is listed under the ESA and the FWS 2000 BiOp includes an Reasonable and Prudent Measure (RPM) to increase water releases from Libby Dam.  However, the FWS BiOp recognizes that critical uncertainties exist about the effects of TDGS on sturgeon survival. The timing and location of white sturgeon spawning and the dispersal of white sturgeon larvae from incubation areas makes the larval stage potentially vulnerable to the effects of TDGS.  Laboratory bioassay experiments (Counihan et al. 1998) have shown that larvae exposed to mean TDGS of 118 and 131% exhibited GBD as a gas bubble in the buccal cavity, nares, or both, and first occurred at developmental stages characterized by the formation of the mouth and gills.  Exposure times of only 15 min were sufficient to elicit these signs in larvae in varying stages of development.  No mortality was observed in larvae exposed to 118% TDGS for 10 d, but 50% mortality occurred after a 13-d exposure to 131% TDGS.  The signs of GBD resulted in positive buoyancy and alterations in behavior that may affect dispersal and the vulnerability of white sturgeon larvae to predation.  

These laboratory experiments show that concern about TDGS effects on white sturgeon larvae are warranted if white sturgeon larvae are dispersed at depths with insufficient hydrostatic pressure to compensate for high TDGS.  However, it’s possible that larvae in the river may remain at depths that compensate for high TDG levels. The exact depth distribution of dispersing white sturgeon larvae in the Columbia River is currently unknown.  Larvae have been collected in surface tows and in nets fished on the riverbed, and it is important to understand what proportion of the drifting population is present at various water levels.  If only a small proportion of the drifting population reaches surface waters where GBD could occur, concerns about effects of high TDG levels may be alleviated.  

Field sampling can be done to describe the vertical distribution of dispersing embryos within the water column.  The Bonneville Dam Tailrace would provide the greatest opportunity for successful sampling because of the consistency in spawning that occurs in this area.  Sampling would be done with plankton type nets fished at various levels in the water column from a stationary platform (anchored boats or moored barges).  Sturgeon generally begin spawning downstream from Bonneville Dam when water temperatures reach 10( C and peaks when temperatures are between 13( C and 15( C.  Sampling 24 hours a day during this period would answer questions about the timing of larvae drift as well as the vertical distribution of larvae in the water column.  Although we know that sturgeon spawn in the tailraces of most Columbia Basin dams, a second site for this sampling approach is near the US-Canadian border, near the confluence of the Pend Oreille River.  Sturgeon spawning and the presence of sturgeon larvae have been documented in this area, but there is little or no recruitment downstream; so it is possible that the high TDGS documented in this area is impacting the sturgeon population.

A sampling program to address the spatial and temporal components of larvae drift downstream from Bonneville Dam would require several large vessels or moored platforms.  Sampling downstream from sturgeon spawning areas is problematic because of the swift waters, rapidly fluctuating water levels, commercial navigation, and numbers of recreational boats present.  Depending on the sampling platform used, three crews of 2-4 individuals per platform would be needed to conduct sampling 24 hours per day.  The sampling period would likely not exceed 2 to 4 weeks.


Pacific lamprey.  Pacific lamprey populations in the Columbia River Basin have declined.  Passage at Bonneville Dam has been identified as one potential reason explaining this decline.  National Marine Fisheries Service personnel have determined about 40% of the tagged lampreys make it over Bonneville Dam successfully.  Pacific lampreys tend to congregate below dams for relatively long periods of time on their upstream migration.  Although we know little about the behavior of the Pacific lampreys around the dams from scientific observation, anecdotal information suggests that migrating lampreys congregate on walls and other structures near the water surface where they would be at great risk from TDGS.  

In as much as Pacific lampreys could be exposed to high dissolved gases in all life phases, upstream and downstream migrants as well as larval forms, we believe work should include all of these.  No information exists on the effects of supersaturated gases in water on lampreys.  The physiology of Pacific lampreys leads us to believe there could be effects of gas embolisms and all the ramifications of those blockages including death.  In addition, lampreys have a gas transport system in their blood that is dramatically different (hemoglobin differences) from teleost fishes.  Depending on the level of dissolved gases, specifically carbon dioxide, respiration and hence, performance of the lampreys could be impaired as a result of long-term exposures.  Research to measure these potential effects of gas supersaturation on Pacific lampreys would begin with laboratory studies to develop diagnostic techniques, followed by field measurements if negative effects are observed in the laboratory.  Controlled exposures of lampreys to water supersaturated with gases followed by performance testing in the laboratory could provide some measure of the non-lethal effects on upstream and downstream migrating Pacific lampreys.

Understanding in-stream behavior of migrating lampreys and larval lampreys will be required to put the results laboratory experiments in perspective.  Telemetry studies, duration of exposure to supersaturated gas levels and performance comparisons of field collected and laboratory exposed lampreys will be required in out years of the project.         

Adult salmon reproductive success.  As we have indicated, a single acute exposure to 114 to 128% TDGS had no effects on the survival or reproductive success of adult spring chinook salmon (Gale et al. 2001; in review); however, we do not know if long term or multiple acute exposures might have more serious impacts.  Researchers at the University of Idaho have implanted archival depth and temperature tags into Snake River adult spring chinook salmon (http://www.ets.uidaho.edu/coop/download.htm).  The data from these tags describes the depth and temperature history of these fish as they migrate from Bonneville Dam to their home hatchery.  We propose to combined these data with the TDGS monitoring data collected in the forebays and tailraces of the dams to establish exposure scenarios.  We will duplicate these exposure scenarios these in a laboratory setting and determine if there are effects on survival or reproductive success. It is also possible that other species of salmon are more sensitive to TDGS (Backman and Evans, in press), so we will conduct similar acute and chronic exposure experiments with sockeye salmon or steelhead.


Aquatic invertebrates.  There is very little experimental data on the effects of high TDGS on aquatic invertebrates; however, adverse population effects could be very important to fish that rely on them as prey.  A recent environmental impact statement on methods to reduce TDGS below Chief Joseph Dam cites an undated report by Fickeisen and Montgomery, who said that stoneflies, mayflies and caddis flies developed external bubbles when TDGS exceeded 110% in the Kootenai River.  These bubbles caused the insects to float and drift with the current.  Brammer (1991; cited in US Army, 2000) reported similar effects in on mayflies of the genus Baetis at 115% TDGS, and in other species at 124%TDGS.

It seems reasonable that effects of TDGS would be greatest in pelagic aquatic invertebrates that inhabit the upper 1 or 2 meters of the water column at sometime in their life history.  However, benthic invertebrates (especially relatively non-mobile species such as clams) that normally inhabit near-shore areas might also be affected.  It would be difficult to detect these impacts, except by screening specific locations before and after high TDGS events, and by exposing invertebrates to TDGS in the laboratory to determine their sensitivity.  Collection of pelagic aquatic invertebrates will be accomplished simultaneously to collection of sturgeon larvae described above.  

However,  hydraulic conditions below the dam  may create a zone  where the substrate is  armored (Simons 1979) with few interstitial spaces for invertebrates to live. Further, determining  whether  invertebrates (benthic macroinvertebrates or pelagic zooplankters) have come from the tailrace area or through the dam from  forebay or upriver locations will be impossible.  Consequently, potential correlations between dissolved gas levels and behavioral attributes (e.g., drift) or the presence of gas bubble trauma signs may be confounded (since TDG levels will likely be different in these two locations).  Therefore, we will also establish shallow water sampling locations further downriver from Bonneville Dam or at mid-reservoir shallow water locations for sampling invertebrates.  Another option will be to look at invertebrates that  graze  on periphyton on aquatic macrophytes, such as Eurasian milfoil, that are found  in shallow water areas.  Regardless of where invertebrates are collected, sampling will be conducted at times of no gas supersaturation and at times of high TDGS, and invertebrates will be examined for bubbles. Similar sampling locations and methods will be established in other locations in the Columbia Basin, such as the Hanford Reach and below other hydropower dams.

c. Rationale and significance to Regional Programs
Although the research suggests that current spill program does not jeopardize juvenile salmonids, more information about site-specific and species-specific effects of gas supersaturated water is needed.  The FWS 2000 BiOp lists uncertainty as to the effects of high TDGS as critical to implementing reasonable and prudent measures for the recovery of white sturgeon in the Kootenai River (RPM 2 in BiOp section 8.2) and bull trout (RPM 4 in BiOp section 10.A.2) in at least 15 Columbia Basin reservoirs.  This project is directly related to RPA 131, which states that the Action Agencies shall monitor the effects of TDG.  In the event that regional fisheries managers or water quality agencies want to modify the voluntary spill program, the TDGS variance or standard, the information provided by this proposal will be essential.
d. Relationships to other projects 
We mention in the Technical and/or scientific background section above that this project is closely related to other on-going and recently completed projects examining the effects of TDGS on juvenile salmonids (BPA project 9602100), adult reproductive success of adult salmon (BPA project 2006700), and a BOR- and USGS-funded project to study GBD in resident fish in Lake Rufus Woods.  We are also involved with several species-specific projects, including a US Forest Service funded project to determine the swimming capacity of bull trout.  We have been in contact with Steve Theisfeld (WDF&W) and Rod French (ODF&W) and understand that the number of bull trout using the Bonneville Pool is small.  Steve Theisfeld is also submitting a proposal to radio tag bull trout at Powerdale Dam.  We will be cooperating with both agencies to minimize the impacts on the fish.
Currently, the Bonneville Power Administration is funding several projects designed to manage or restore white sturgeon populations where numbers are depleted.   Project 198605000, White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers, has generated a wealth of information on stock status and population characteristics from 11 reservoirs on the Columbia and Snake rivers.   Historically, Project 198605000 had a substantial research component that addressed questions on methods, life history, biology, habitat use, and recruitment.  In accordance with a plan of study originally outlined in the early 1980s (Fickheisen et al. 1984), Project 198605000 has reduced the amount of research done on that project and moved into a mitigation and monitoring phase.  However, the need for continued research on white sturgeon is recognized in the Fish and Wildlife Program (NPPC 1994, 2000), the Kootenai River White Sturgeon Recovery Plan (USFWS 1999), and the Upper Columbia River White Sturgeon Recovery Plan (in preparation), and it should be recognized that this research would need to be conducted from projects external to Project 198605000.  

The research proposed in this project will benefit projects with goals of increasing white sturgeon populations.  Project 198806400, Kootenai River White Sturgeon Studies and Conservation Aquaculture and Project 198806500, Kootenai River Fisheries Investigations, Project 199700900, Evaluate Potential Means of Rebuilding White Sturgeon Populations in the Snake River Between Lower Granite and Hells Canyon Dams, and Project 199502700, Develop and Implement Recovery Plan for Depressed Lake Roosevelt White Sturgeon Populations, will benefit from an increased understanding of how prey availability and foraging behavior influence recruitment and productivity of the altered environments in which recovery efforts are attempting to build depleted populations.  

In addition to projects funded by Bonneville Power Administration, this project should benefit ongoing white sturgeon recovery efforts funded through non-federal sources as well.  Idaho Power has investigated ways of rebuilding white sturgeon populations in several reservoirs upstream from Hells Canyon Dam, and Grant County PUD is currently undertaking studies to assess fisheries in the Priest Rapids Dam Complex.  Douglas County PUD has completed one field season (2001) of sampling in Wells Reservoir, and Chelan County PUD funded sampling in Rocky Reach and Rock Island reservoirs in 2001 and 2002.  Grant County PUD funded sampling in Wanapum and Priest Rapid reservoirs in 2000 and 2001.  These efforts are being done during Federal Energy Regulatory Commission relicensing activities.  

The Upper Columbia River White Sturgeon Initiative is an effort by Canadian and US governmental, state, provincial, aboriginal, corporate, non-profit, and private entities to restore white sturgeon populations in the upper Columbia River.  This effort includes the transboundary reach between Grand Coulee Dam and Hugh L. Keenleyside Dam and areas upstream where white sturgeon were historically present.  This initiative is funding projects to characterize white sturgeon population status, investigate spawning and recruitment, and to determine causes of recruitment failure, and to develop supplementation alternatives.  The results derived from this project will benefit these efforts as well.


Restoration of Pacific lampreys is very important to Native American Tribes where other projects are currently underway to determine what factors are limiting lamprey production.  We work with CTUIR  on Project 9402600 (Pacific Lamprey Research and Restoration),  with the Confederated Tribes of the Warm Springs on Project 25007 (Determine lamprey species composition, larval distribution and adult abundance in the Deschutes Subbasin), Project 200002800 (Evaluate Status of Pacific Lamprey in the Clearwater River Drainage, Idaho), 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), and  with major research efforts being funded by the U.S. Army Corps of  Engineers to study passage of both upsteam and downstream migrating Pacific Lampreys using telemetry, performace measures, and developing an understanding of the physiology of Pacific lampreys as they migrate up the River.  Understanding the role of supersaturation of dissolved gases in passage performace and survival of Pacific lampreys is very important to evaluating success for failure in the rehabilitaiton efforts.   

e. Project history (for ongoing projects) 

New project

f. Proposal objectives, tasks and methods

The overall goal of this project is to close the gaps in our knowledge of the effects of TDGS > 110% on species of concern in the Columbia River Basin. We have identified three fish species, aquatic invertebrates, and maturing adult salmon as groups that need further study.  The methods are described in part in section 9. b. Technical and/or scientific background and as part of the tasks below.  Because we are addressing numerous species using several different approaches, the chronology of the tasks has not been established.
Objective 1.  Determine if bull trout using the mainstems of the Snake and Columbia rivers as a migratory corridor or as a feeding ground are impacted by high TDGS.

Task 1.1.  Coordinate this study with agencies and Tribes, obtain necessary permits, purchase needed equipment and supplies.

Task 1.2.  Collect up to 25 bull trout at the Powerdale Dam on the Hood River.  Surgically implant, or externally attach, depth and temperature archival tags and PIT tags into bull trout, allow them to recover and release them to continue their migration.  Data will be recorded every 15 minutes.

Task 1.3. Re-collect PIT-tagged bull trout when they reappear at Powerdale Dam.  Non-lethally remove archival tags and download data, and determine if the bull trout have been at depths that would put them at risk.  

Task 1.4. Download Corps of Engineers TDGS data for the Bonneville Pool to determine if bull trout depth behavior is influenced by TDGS level.

Task 1.5. If results of field study suggest that bull trout are at risk, conduct laboratory studies to determine their sensitivity to TDGS.

Task 1.6. Analyze data and prepare report.

Objective 2.  Determine if white sturgeon in mainstems of the Snake and Columbia rivers are impacted by high TDGS.

Task 2.1. Coordinate this study with agencies and Tribes, obtain necessary permits, purchase needed equipment and supplies.


Task 2.2. Rent a barge and moor it securely about 10 kilometers below Bonneville Dam. Construct and position a vertical drift sampler with separate collection purses spaced every 0.5 m between the surface and bottom (ca. 10 m).


Task 2.3. Collect sturgeon larvae (and aquatic insects, see Objective 5) continuously 24 h a day during the 2 to 4 weeks that sturgeon larvae might be affected.  Data will include number and vertical location of larvae, presence or absence of bubbles, and continuous monitoring of TDGS at several depths.


Task 2.4. Analyze data and prepare report.

Objective 3.  Determine if Pacific lamprey migrating in mainstems of the Snake and Columbia rivers are impacted by high TDGS.

Task 3.1. Coordinate this study with agencies and Tribes, obtain necessary permits, purchase needed equipment and supplies.


Task 3.2. Collect Pacific lamprey for laboratory studies.


Task 3.3. Conduct laboratory studies to determine the sensitivity of Pacific lamprey to TDGS, 


Task 3.4. Conduct laboratory studies to determine the effects of TDGS on respiration of Pacific lamprey.


Task 3.5. Conduct field studies to determine if Pacific lamprey in the wild are impacted by high TDGS.


Task 3.6. Analyze data and prepare reports.

Objective 4.  Determine if reproductive success of adult salmonids migrating  in mainstems of the Snake and Columbia rivers are impacted by high TDGS.


Task 4.1. Coordinate this study with agencies and Tribes, obtain necessary permits, purchase needed equipment and supplies.


Task 4.2. Re-construct the adult salmon holding and TDGS exposure system (see: Gale et al. 2000).


Task 4.3. Establish one or more exposure scenarios based on the information on adult salmon migration between Bonneville Dams and their home hatchery.


Task 4.4. Collect adult chinook or sockeye salmon or steelhead and treat them to multiple acute, or chronic TDGS, and monitor their mortalities and reproductive success.


Task 4.5. Analyze data and write reports.

Objective 5.  Determine if aquatic invertebrates  in mainstems of the Snake and Columbia rivers are impacted by high TDGS.


Task 5.1. Coordinate this study with agencies and Tribes, obtain necessary permits, purchase needed equipment and supplies.


Task 5.2. Examine aquatic invertebrates collected as part of drift sampling for sturgeon larvae (Objective 3).


Task 5.3. Establish shallow shoreline and mid-channel sites for sampling invertebrates under conditions of low and high TDGS.


Task 5.4. Establish shallow shoreline and mid-channel sites in other reaches of the Columbia or Snake rivers for sampling invertebrates under conditions of low and high TDGS.


Task 5.5. Analyze data and write reports.

g. Facilities and equipment

Field and laboratory studies will be carried out by staff at the Columbia River Research Laboratory (CRRL), a field laboratory of the Western Fisheries Research Center of USGS located in Cook, WA.  These facilities are highly suitable for program needs relating to office, laboratory, field work, and storage.

The CRRL has about 70 year-round fisheries professionals, 7 administrative staff, and regularly employs over 60 seasonal biologists and technicians.  The CRRL has a fleet of over 30 boats ranging in size from 14 to 30’, and has been conducting field studies on the Columbia River since 1980.  All boats are equipped with appropriate safety equipment and operators are trained through the Department of Interior Boat Operators Certification Program.  Most boats are equipped with state-of-the-art navigational instruments and Global Positioning System receivers.  Habitat studies have been conducted on white sturgeon, juvenile chinook salmon, lamprey, northern pikeminnow, and other fishes.  Field studies often use radio telemetry, hydroacoustics, side-scan sonar, acoustic Doppler current profilers (ADCP), and other state-of-the-art methods.  Wet laboratories are equipped with well water and water from the Little White Salmon River.  Boilers provide heated water when needed.  The Laboratory has systems for observing fish behavior and conducting feeding experiments, and facilities for investigating the physiology of fishes.  Offices are equipped with modern personal computers, an in-house network, a GIS laboratory, and software for statistical modeling, and spatial analyses.
The CRRL has three analytical laboratories totaling 1600 sq. ft. dedicated to enzymology, immunology and cell culture, and general physiology.   In addition to standard equipment such as centrifuges, pH meters, and balances, the laboratories are equipped with VIS-UV and reflectance spectrophotometers, enzyme-linked-immunosorbent assay (ELISA) plate readers, flame photometer, and -80 C freezers.  The lab is staffed with trained technicians and biologists proficient in these techniques with backgrounds in fishery genetics, immunology, physiology, and endocrinology.  The 1500 sq. ft. wet lab facilities with 64 tanks are more than adequate to conduct any level of investigation into fish development or behavior, including studies on gas bubble disease, disease resistance, predator avoidance, thermal preference, osmoregulation, swimming performance and bioenergetics.  All of the laboratory equipment is linked to the CRRL computer network, which services 80 users at CRRL and  has 8 gigabytes of memory.  Computer software available for data analyses includes SAS, Excel, rBase, Statgraphics,  and a variety of other word processing and data management software. The CRRL has its own T-1 line for Internet access.   
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	NPPC (Northwest Power Planning Council). 1994. Columbia River Basin Fish and Wildlife Program.  Portland, Oregon. http://www.nwcouncil.org/fw/program/default.htm
	n

	NPPC (Northwest Power Planning Council). 2000. Columbia River Basin Fish and Wildlife Program.  Portland, Oregon. http://www.nwcouncil.org/fw/program/default.htm
	n

	Ryan, B. A., E. M. Dawley, and R.A. Nelson. 2000. Modeling the effects of supersaturated dissolved gas on resident aquatic biota in the main-stem Snake and Columbia rivers. North American Journal of Fisheries Management 20: 192-204.
	n

	Simons, D. B.  1979.  Effects of stream regulation on channel morphology.  pages  95-111 in J. V. Ward and J. A. Stanford, editors.  The ecology of regulated streams. Plenum Press, New York.
	n

	US Army Corps of Engineers. 2000. Chief Joseph Dam Dissolved Gas Abatement Project. Final Environmental Impact Assessment. Seattle District, Seattle, WA. http://www.nws.usace.army.mil/ERS/reposit/Abatement_EA.v3.1.pdf
	n

	USFWS (U.S. Department of Interior, Fish and Wildlife Service). 1999. Recovery plan for the white sturgeon (Acipenser transmontanus): Kootenai River population. U.S. Fish and Wildlife Service, Portland, OR.
	n

	Venditti, D. A., T. C. Robinson, J. W. Beeman, B. J. Adams and A. G. Maule. 2001.  Gas bubble disease in resident fish below Grand Coulee Dam, 1999 annual report of research.  Prepared by the U. S. Geological Survey, Cook, Washington.
	n

	Weiland, L.K., M.G. Mesa, and A.G. Maule. 1999. Influence of infection with Renibacterium salmoninarum on susceptibility of juvenile spring chinook salmon to gas bubble trauma.  Journal of Aquatic Animal Health 11:123‑129.
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ALEC G. MAULE

Research Physiologist, USGS-BRD, Columbia River Research Laboratory.  5501A Cook-Underwood Rd. (509) 538-2299 x 239; (509) 538-2843 (FAX); alec_maule@usgs.gov.

Education: B.A., University of California, Riverside (Psychology) 1969; B.S., California Polytechnic University, San Luis Obispo (Natural Resource Management) 1979; M.S., Oregon State Univ. (Fisheries Science) 1982; Ph.D., Oregon State Univ. (Fisheries Science) 1989.

Professional Experience: Associate Professor of Fisheries (Courtesy), OSU (1991-present)


Adjunct Associate Professor of Biology, Portland State University (1992-present).

Publications (most recent 10 of 39)

Maule, A.G. and S.V. VanderKooi. 1999. Stress-induced immune-endocrine interactions.  pp. 205-245  in P. Balm (ed.) Stress Physiology in Animals. Sheffield Academic Press. Sheffield, UK.

Mesa, M.G., A.G. Maule, and C.B. Schreck.  2000.  Interaction of bacterial kidney disease and physical stress in juvenile chinook salmon: physiological responses, disease progression, and mortality. Transactions American Fisheries Society 129:158-173.

Mesa, M.G., L.K. Weiland, and A.G. Maule.  2000.  Progression and severity of gas bubble trauma in juvenile salmonids.  Transactions American Fisheries Society. 129: 174-185.

Patiño, R., Z. Xia, W.L. Gale, C. Wu, A.G. Maule, and X. Chang. 2000. Novel transcripts of the estrogen receptor ( gene in channel catfish. General & Comparative Endocrinol. 120:314-325.

Harrahy, L.N.M., C.B. Schreck, and A.G. Maule. 2001. Antibody-producing cells correlated with body weight in juvenile chinook salmon (Oncorhynchus tshawytscha) acclimated to optimal and elevated temperatures. Fish & Shellfish Immunology 11:653-659.

Sauter, S.T., L.Crawshaw, and A.G. Maule. 2001. Behavioral thermoregulation in spring and fall chinook salmon, Oncorhynchus tshawytscha, during smoltification. Environmental Biology of Fishes 61:295-394. 

Beeman, J.W., and A.G. Maule. 2001. Residence times and diel passage distribution of radio-tagged juvenile spring chinook salmon in a gatewell and fish collection system of a Columbia River dam. North American Journal of Fisheries Management 21:455-463.

Schrock, R.M., S.D. Smith, and A.G. Maule. 2001. Profiles of mucus lysozyme during smoltification of coho salmon and spring chinook salmon. Aquaculture 198:169-177.

VanderKooi, S.P., A.G. Maule, and C.B. Schreck. 2001. The effects of electroshock on immune function and disease progression in juvenile spring chinook salmon. Transactions of the American Fisheries Society. 130:397-408.

Balfry, S.K., A.G. Maule, and G.K. Iwama. 2001. Coho salmon Oncorhynchus kisutch strain differences in disease resistance and non-specific immunity, following immersion challenges with Vibrio anguillarum.  Diseases of Aquatic Organisms 47:39-48.

Current Projects:  

(1) Gas bubble disease in resident fish below Grand Coulee Dam. Funded by USGS and Bureau of Reclamation. Dates: FY99 - FY02.  

(2) Gas bubble disease and monitoring of juvenile salmonids. Funded by BPA.  Dates: April 96 to March 03.  

(3) Endocrine disrupting chemicals and reproduction in white sturgeon. Collaborative study with Martin Fitzpatrick, Oregon State University and Eugene Foster, Oregon Department of Environmental Quality.  Funding agency: EPA/USGS.  Dates: July 99 to June 02.  

(4) Xenobiotic impact on Arctic char: Nutritional modulation and physiological consequences. Collaborative study with Mathilakath Vijayan, University of Waterloo, Canada and Even Jørgensen, Norwegian Institute of Nature Research. Funding agency: National Science Foundation. Dates: Jan 00 to Dec 03.  

(5) Water quality and viable salmon populations: A GIS-based recovery planning tool. Funding agency: NMFS. Dates: June 2001 – Dec. 2003.

(6) Sex reversal in Hanford Reach fall chinook salmon. Funding agency: BPA. Dates: October 2002 to September 2004.

Professional Service: Associate Editor for the Journal of Aquatic Animal Health 1997-present; American Fisheries Society-Fish Health Section, Snieszko Graduate Award Committee (Chair) 1989-91; Physiology Section (Charter member) - Vice Pres., Pres.-elect, Pres., Past-Pres. 1993-97; Awards Committee (Chair) 1997-98; Oregon Chapter- AFS Legislative Committee 1983-84; AFS Oregon Annual Meeting, Program Committee 1985-93; Director of Internal Committees 1989-90; Pres.-elect/Pres./Past Pres. 1990-93.

Regional or National Committees: NMFS’ Willamette and Lower Columbia Rivers Technical Recovery Team; Water Quality Team (Dissolved Gas Team); Grand Coulee Dam Dissolved Gas Committee (Chair); USGS Endocrine Disrupting Chemical Work Group (ad hoc).

Matthew G. Mesa

Research Fisheries Biologist, USGS-BRD, Columbia River Research Laboratory, 5501 Cook-Underwood Rd, Cook, WA, 98605, (509) 538-2299 ext. 246, matt_mesa@usgs.gov
Duties: project oversight for artificial stream work, physiological assays, fish sampling, analysis and write up of data
Education

B.S. (Natural Resources Management), California Polytechnic State University at San Luis Obispo, 1984;  M.S. (Fisheries Science), Oregon State University, 1989;  Ph.D. (Fisheries Science), Oregon State University, 1999. 

Expertise 


My areas of expertise include general and stress physiology of fishes, ecological influence of diseases on fish, predator-prey interactions in fishes, and fish behavior and performance 
Selected Publications
Mesa, M. G.  1991.  Variation in feeding, aggression, and position choice between hatchery and wild cutthroat trout in an artificial stream.  Trans. Am. Fish. Soc. 120:723-727.

Mesa, M. G., T. P. Poe, A. G. Maule, and C. B. Schreck.  1998.  Vulnerability to predation and physiological stress responses in juvenile chinook salmon experimentally infected with Renibacterium salmoninarum.  Can. J. Fish. Aquat. Sci. 55:1599-1606.

Mesa, M.G., A.G. Maule, and C.B. Schreck.  1999.  Influence of bacterial kidney disease on smoltification in salmonids: is it a case of double jeopardy?  Aquaculture 174:25-41. 

Weiland, L. K., M. G. Mesa, and A. G. Maule.  1999.  Influence of infection with Renibacterium salmoninarum on susceptibility of juvenile spring chinook salmon to gas bubble trauma.  J. Aquat. Anim. Health 11:123-129.

Mesa, M.G., A.G. Maule, and C.B. Schreck.  2000.  Interaction of infection with Renibacterium salmoninarum and physical stress in juvenile chinook salmon: physiological responses, disease progression, and mortality.  Trans. Am. Fish. Soc. 129:158-173. 

Michael J. Parsley

U.S. Geological Survey-Western Fisheries Research Center

Columbia River Research Laboratory

5501A Cook-Underwood Road

Cook, WA  98605
Education:






Iowa State University




B.S. Fish & Wildlife Biology, 1982

University of Wisconsin (Stevens Point)

M. S. Fisheries, 1984



Experience
1984-Present
U.S. Geological Survey.  (1) Research Fishery Biologist and Project Leader for sturgeon studies (7 years).  Current responsibilities.  Principal Investigator for studies on the ecology and biology of sturgeon in the Columbia River. Coordinate research activities on white sturgeon with the activities and needs of the tribes, states, and other governmental agencies.  Oversee the work of several biologists and technicians.  Geospatial technology coordinator for the Western Fisheries Research Center.  (2)  Research Fishery Biologist, U.S. Geological Survey – conducted a variety of field and laboratory studies on the ecology and biology of white sturgeon.
Duties as Principal Investigator on this proposal.  Oversee the work of several biologists and technicians.  Analyze data, report findings, and prepare manuscripts for submission to journals.  Coordinate research activities on white sturgeon with the activities and needs of the tribes, states, and other governmental agencies.  FTE - 2 months.

Expertise.  The Principal Investigator and staff have experience in using biotelemetry to ascertain movements, behavior, and habitat use by white sturgeon.  Experience in conducting laboratory experiments to address questions such as the effects of gas supersaturation on developing embryos, swim performance, and factors influencing predation.  Experience in sampling and conducting field work on large rivers, including the use of trawls to estimate recruitment to age-0.  Knowledgeable in methods to quantify habitat in large rivers using remote sensing and geographic information systems.

Selected  Recent Publications
Parsley, M.J., P.J. Anders, A.I. Miller, L.G. Beckman, and G.T. McCabe, Jr.  In press.  Recovery of white sturgeon populations through natural production: Understanding the influence of abiotic and biotic factors on spawning and subsequent recruitment.  American Fisheries Society Symposium 00:000-000.  

Parsley, M.J. and K.K. Kappenman.  2000.  White sturgeon spawning areas in the lower Snake River.  Northwest Science 74:192-201.

Muir, W.D., G.T. McCabe Jr., M.J. Parsley, and S.A. Hinton.  2000.  Diet of first‑feeding larval and young‑of‑the‑year white sturgeon in the Lower Columbia River.  Northwest Science 74(1):25‑33.

Counihan, T.D., A. I. Miller, and M.J. Parsley.  1999.  Indexing the relative abundance of age‑0 white sturgeon in an impoundment of the lower Columbia River from highly skewed trawling data. North American Journal of Fisheries Management 19:520‑529.
Jennifer M. Bayer 

Current position: 
Fishery Biologist



Columbia River Research Laboratory



5501A Cook-Underwood Road



Cook, Washington 98605



Phone: 509-538-2299 X 273



Fax:     509-538-2843



E-mail: Jennifer_Bayer@usgs.gov

Education :
M.S. Biology, 2001, Portland State University




B.S. Fisheries Science, 1993, Oregon State University

Research Specialties: Fish ecology, especially relating to lamprey life history and the early life history of fishes

Current Research Assignments:

I am the project leader for a research team working on a suite of projects focusing on lampreys of the Columbia River Basin.  We are examining aspects of Pacific lamprey passage issues, including swimming performance, metabolic costs, and effects of exhaustive stress.  With laboratory studies, we are evaluating temperature effects on early life history stages of lampreys, preparing morphometric descriptions of early life history stages, and validating statolith-based aging techniques for larval lampreys.  We are also examining olfactory response of adult Pacific lampreys to pheromones released by larval lampreys, a possible migratory cue. We have conducted a pilot study to investigate upstream migration behavior and habitat use of Pacific lamprey in the John Day River Basin and have collaborated with the USFWS on projects to examine tagging and marking procedures for lampreys, including the utility of dye marking and PIT tags (survival and tag retention) in ammocoetes and recently metamorphosed lampreys.

Publications and Reports:

Bayer, J.M. and J.G. Seelye.  1999.  “Characteristics of upstream migrating Pacific lampreys (Lampetra tridentata) in the Columbia River.”  Final report of research to U.S. Army Corps of Engineers, Portland, Oregon.

Bayer, J.M., T.C. Robinson, and J.G. Seelye.  2001.  “Upstream migration of Pacific lampreys in the John Day River: behavior, timing, and habitat use.”  2000 Report of research to Bonneville Power Administration, Portland, OR.  Project Number 2000-052, Contract Number 00AI26080

Bayer, J.M., M.H. Meeuwig, and J.G. Seelye.  2001.  “Identification of larval Pacific lampreys (Lampetra tridentata), river lampreys (L. ayresi), and western brook lampreys (L. richardsoni) and thermal requirements of early life history stages of lampreys.”  2000 Annual report to Bonneville Power Administration, Portland, OR.  Project Number 2000-029, Contract Number 00AI23249

Bayer, J.M. and J.G. Seelye.  2001.  “Olfactory sensitivity of pacific lampreys to petromyzonol sulfate.”  2000 Annual report to Confederated Tribes of the Umatilla Indian Reservation, Pendleton, OR.  Contract number 406-01

Mesa, M.G., J.M. Bayer, J.G. Seelye, and L.K. Weiland.  2001.  Swimming performance and exhaustive stress in Pacific lampreys (Lampetra tridentata): implications for upstream migrations past dams: annual report of research. U.S. Army Corps of Engineers, Portland, Oregon.

James G. Seelye 

Present Position:

Supervisory Fishery Biologist, GS482-14

Laboratory Director

Columbia River Research Laboratory

5501A Cook-Underwood Road

Cook, Washington 98605

Phone: 509-538-2299 X263

Fax:     509-538-2843

E-mail: jim_seelye@usgs.gov

Education and Training:

     Degree
             Date       
School

A.S.
Science
             1967
North Central Michigan College

B.S.
Biological Science  1969
Lake Superior State College

M.S.
Limnology
              1971
Michigan State University

Ph.D.  Limnology              1975
Michigan State University

Experience:

Research Assistant, Department of Fisheries and Wildlife, Michigan State University, 1969-1974

Research Limnologist, Project Manager, USACE, Waterways Experiment Station, 1975-1976

Supervisory Fishery Biologist (Research), Project Leader, FWS, Contaminant Dynamics, Great Lakes Fishery Laboratory, 1976-1982

Supervisory Fishery Biologist (Research), Station Chief, FWS, Hammond Bay Biological Station, 1982-1995

Supervisory Fishery Biologist, Laboratory Director, USGS/BRD, Columbia River Research Laboratory

Research Specialties:

Chemical Limnology

Aquatic toxicology

Anadromous fishes

Current Research Assignments:

Serve as administrative and technical leader for a diverse group of researchers providing information to those charged with rehabilitating the aquatic resources of the Columbia River basin.  Our primary focus is on the production of fishes that have great economic importance including salmon, trout, and sturgeon.  To conduct studies on these economically important species of fish we develop databases on other species of fish that either directly or indirectly influence the production of salmon, trout, and sturgeon.  We also conduct studies on Pacific lampreys.  Habitat based studies that use a variety of complex technology are the specialty this laboratory offers to our funding agencies.

My role in this research effort centers around providing an environment where creative work can be done.  In addition, I influence the lab personnel to pursue research that will assist in meeting the objective of the facility and the agency.

Publications:

Bergstedt, R. A., W. D. Swink, and J. G. Seelye. 1993.  Evaluation of two locations for coded wire tags in larval and small parasitic-phase sea lampreys.  North American Journal of Fisheries Management 13:609-6120.

Bergstedt, R. A., and J. G. Seelye.  1995.  Evidence for lack of homing by sea lampreys.  Transactions of the American Fisheries Society 124:235-239.

Bjerselius, R., W. Li, J.H. Teeter, J.G. Seelye, P.B. Johnson, P.J. Maniak, G.C. Grant, C.N. Poldinghome, and P. W. Sorensen.  2000.  Direct behavioral evidence that unique bile acids released by larval sea lamprey (Petromyzon marinus) function as a migratory pheromone.  Canadian Journal of Fisheries and Aquatic Sciences 57:557-569.

Fredricks, Kim T. and James G. Seelye. 1995.  Flowing-recirculated water system for inducing spawning phase sea lampreys to spawn in the laboratory.  Progressive Fish Culturist 57:297-301.

Morket, Sidney B., William D. Swink, and James G. Seelye.  1998.  Evidence for Early Metamorphosis of sea lampreys in the Chippewa River, Michigan.  North American Journal of  Fisheries Management.  18: 966-971.

Seelye, J. G., L. L. Marking, E. L. King, Jr., L. H. Hanson, and T. D. Bills.  1987.  Toxicity of TFM lampricide to early life stages of walleye.  North American Journal of Fisheries Management 7:598-601. 

Vandenbosche, J., J. G. Seelye, B. Zielinski.  1993.  The morphology of the olfactory epithelium in the larval juvenile, and upstream-migrant stages of the sea lamprey Petromyzon marinus. Brain Behavior and Evolution.  15pp.

Youson, Y. H., J. A. Holmes, J. A. Guchardi, J. G. Seelye, R. E. Beaver, J. E. Gersmehl, S. A. Sower, and F. W. H. Beamish.  1993.  Importance of condition factor and the influence of water temperature and photoperiod on metamorphosis of sea lamprey, Petromyzon marinus.  Canadian Journal of Fisheries and Aquatic Sciences 50:2448-2456.

Timothy D. Counihan

U.S. Geological Survey

Biological Resources Division

Columbia River Research Laboratory

5501-A Cook Underwood Road 

Cook, Washington 98605

Experience
1993-Present
Research Fishery Biologist, U.S. Geological Survey, Biological Resources Division, Columbia River Research Laboratory, Cook, WA.

Current responsibilities: Evaluating the survival of juvenile spring and fall chinook salmon and steelhead trout through the lower Columbia River using mark-recapture models and radio-telemetry.  Principal Investigator for study examining the aqautic community dynamics and habitat characteristics of Bonneville Reservoir, Columbia River.

1991-92
Fisheries Technician, Idaho Department of Fish and Game, Coeur DAlene, ID.

1989-91
Research Specialist, New Mexico State University, Las Cruces, NM.

Education:


M. S., Wildlife Science, New Mexico State University, 1991

B. S., Biology, Montana State University, 1989

Expertise: Primary areas of expertise include the design of fish and ichthyoplankton surveys, survival assessment using mark-recapture models, white sturgeon ecology, and larval fish ecology.

Publications and Reports (five most relevant)

Counihan, T. D., J. D. DeVore, and M. J. Parsley.  In press.  The effects of river discharge and water temperature on the year-class strength of Columbia River white sturgeon. Transactions of the American Fisheries Society.

Counihan, T. D., and M. J. Parsley.  Provisionally accepted.  Effects of hydropower peaking dam operations on white sturgeon eggs and larvae. North American Journal of Fisheries Management.

Counihan, T. D., A. I. Miller, and M. J. Parsley.  1999.  Indexing the relative abundance of age-0 white sturgeon in an impoundment of the lower Columbia River from highly skewed trawling data. North American Journal of Fisheries Management.

Counihan, T. D., and C. N. Frost.  1999.  Influence of externally attached transmitters on the swimming performance of juvenile white sturgeon. Transactions of the American Fisheries Society.

Counihan, T. D., A. I. Miller, M. G. Mesa, and M. J. Parsely. 1998.  The effects of dissolved gas supersaturation on white sturgeon larvae. Transactions of the American Fisheries Society 127:316-322.
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Figure 1. Length frequency distribution of longnose suckers collected in 1999.
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Suckerdata

		

		FL		BLS		LNS		LSS		SUC				Suckers

		20				0				1				1

		30				0								0

		40				1				39				39

		60				11				230				230

		80				97		9		123				132

		100		6		130		6		18				30

		120		2		61		2		3				7

		140		6		16								6

		160		5		52		2						7

		180		5		87		3						8

		200				73								0

		220		2		49		1						3

		240		3		23		3						6

		260		2		21								2

		280		3		53		1						4

		300		2		34		1						3

		320				36								0

		340		1		76		1						2

		360		4		171		1						5

		380		1		188		1						2

		400		2		140		3						5

		420		13		94		14						27

		440		42		24		53						95

		460		88		6		105						193

		480		66		2		58		1				125

		500		61		0		66						127

		520		83		0		62						145

		540		65		0		46						111

		560		21		0		14						35

		580		10		0		9						19

		600		1		0		1						2
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Figure 1. Length frequency distribution of longnose suckers collected in 1999.
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Suckers

Figure 2. Length frequency distribution of bridgelip and largescale suckers collected in 1999.
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		FL		BNT		BUR		CRP		EBT		KOK		MWF		NPM		SMB		YOP

		20

		30												1		2

		40												19		37

		50												29		39

		60												12		13

		70						1						3		4

		80														14

		90														28				3

		100														87				12

		110														83				2

		120										1				24		1		4

		130						1				2				16				1

		140		1												3		1		1

		150		1								4				3		1		5

		160		2								4		1		5		2		6

		170		0				1				1				3		3		4

		180		0												10		10		8

		190		1				2				3				2		12		2

		200		1				2		2								12		2

		210		0				2				2						7

		220		2		1		4		2		1				1		3

		230		0				2				1				1		3		2

		240		1						3		2

		250		1		3		1		1		1

		260		1				1		2		1

		270		0						2		2						1

		280		0						3		1

		290		0		1						1

		300		3						2		1

		310		1						1		2		1				1

		320		0		1						13						2

		330		1		1				1		6		1		1		1

		340		4								22		1				1

		350		2								18		1				1

		360		5						1		18						1

		370		3		4						7		1		1		1

		380		0		3						8				1

		390				2						3		1		1

		400				4						1		1		2
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Suckers

Figure 2. Length frequency distribution of bridgelip and largescale suckers collected in 1999.
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Figure 1. Length frequency distribution of longnose suckers collected in 1999.
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Figure 2. Length frequency distribution of bridgelip and largescale suckers collected in 1999.
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