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INTRODUCTION
Lampreys, jawless fishes of the family Petromyzontidae, are among the oldest existing vertebrates, having changed little since emerging about 530 million years ago (Dawkins 2004.) The Pacific lamprey Lampetra tridentata is an anadromous species native to the north Pacific Rim (Scott and Crossman 1973) including the Columbia River Basin (Figure 1).  Pacific lamprey are an important food source for marine mammal, avian, and fish predators, and may act as a predation buffer for Pacific salmon Oncorhynchus spp. juveniles.  Moreover, they are a source of marine-derived nutrients in the upper tributaries of the Columbia and Snake rivers (Close et al. 1995).  Pacific lamprey may also be a key indicator of ecological health of the Columbia River Basin.  Importantly, Pacific lamprey serve a role in the culture of many Native American tribes (Close et al. 2002).
Despite their persistence through time, many lamprey populations are now declining throughout much of their distribution (e.g., see Renaud 1997).  In recent decades, Pacific lamprey along the west coast of North America have experienced population declines and regional extirpations (Beamish and Northcote 1989; Kostow 2002; Moser and Close 2003). These declines parallel those of Pacific salmonids, perhaps because the two groups share widely sympatric distributions (Scott and Crossman 1973; Simpson and Wallace 1978; Moyle 2002) and similar anadromous life histories (McDowall 2001; Quinn and Myers 2004).  Causes for the decline in the Columbia River Basin may include construction and operation of dams for hydropower, flood control, and irrigation, habitat degradation, poor water quality, proliferation of exotic species, and direct eradication actions.  
Numerous management and research actions have been recommended to help restore Pacific lamprey in the Columbia River Basin (Nez Perce, Umatilla, Yakama, and Warm Springs Tribes 2008; Columbia Basin Fish and Wildlife Authority 2008).  These actions include improving adult and juvenile passage at known and suspected obstacles, restoring degraded habitat and water quality, and implementing reintroduction methods.
Supplementation of Pacific lamprey through adult translocation is one tool for enhancement and reintroduction.  Translocation involves collecting adult Pacific lamprey from one location (e.g., the mainstem lower Columbia River), and transporting them for release into a subbasin upstream where Pacific lamprey are severely depressed or extirpated.  The resulting increase in spawning adults should then increase the number of juvenile lamprey present, which may in turn attract even more adult lamprey (if adults are attracted to pheromones produced by juveniles as described in the “Migration Behavior” section of this paper).  Translocation would be most effective in the absence of limiting factors throughout all lamprey life stages 
Our objective is to provide a thorough review of translocation programs in the Columbia River Basin to date. Summaries of the importance of Pacific lamprey to Native American tribes, important life history features, status and trends of Pacific lamprey in the Columbia River Basin, migration behavior, and factors for decline provide context for the use of translocation as a tool for reintroducing or recovering lamprey populations.  After reviewing existing translocation programs, we briefly discuss the potential benefits of restoring lamprey and the potential risks of translocation.  This is a review paper and is not meant to support or refute any position regarding the use of translocation. 
CULTURAL CONTEXT
Pacific lamprey are of great importance to Native American tribes for cultural, spiritual, ceremonial, medicinal, subsistence and ecological values (Close et al. 1995; 2002). The importance of the species is described through oral history, and tribal ordinances, codes and resolutions.  Indigenous peoples from the coast to the interior Columbia and Snake rivers harvested lamprey for many generations (Close et al. 1995).  Today these peoples have dwindling opportunities to harvest lamprey, with opportunities restricted to the lower portions of the Columbia River Basin (Close et al. 2002). 
Historically, tribal people harvested adult lamprey in the mainstem Columbia and Snake rivers as well as in tributaries.  Important areas used by multiple tribes prior to the treaties of 1855 included Celilo Falls on the mainstem Columbia River, Willamette Falls on the Willamette River, and Sherar’s Falls on the Deschutes River (Figure 1).   Interior Columbia River tribes typically harvested enough lamprey at these falls to feed families for an entire year.  The lamprey, still referred to as “eels” by tribal members, were collected at night in areas where they accumulated at the falls, and were used for subsistence and trading for other food and clothing. With construction of The Dalles Dam in 1957, Celilo Falls was inundated and this culturally significant collection site was lost, forcing tribal members to harvest lamprey at other locations.  In recent years, demand for lamprey from Willamette Falls has increased due to declines in lamprey abundance at other traditional harvest locations. 
Confederated Tribes of Warm Springs tribal members historically harvested lamprey at many locations within their reservation, and on ceded, aboriginal, and usual and accustomed lands (Figure 2).  Primary collection areas included but were not limited to Celilo Falls, Willamette Falls, Seufert Falls on Fifteenmile Creek, Sherar’s Falls and Tumwater Falls on the Deschutes River, and the John Day River.  Additional harvest likely occurred within the Hood River Subbasin, although information is extremely limited.  Other locations mentioned in oral histories are Savage Rapids in the Rogue River, and multiple locations within the Clackamas, McKenzie, and Sandy river subbasins.  Harvest currently occurs in areas not lost to anthropogenic activities or where lamprey populations can support harvest. 
Historic stream morphology is the best indicator of where eels were harvested by the Confederated Tribes and Bands of the Yakama Nation.  Harvest usually occurred in rapids, crevices, and falls of rivers and streams (Figure 2).  Important harvest areas included the Klickitat, Yakima, Entiat, Wenatchee, and Methow rivers.  Through oral interviews Tribal elders have indicated sites that were once prevalent but are now not passable or have been inundated.  These sites  included, but were not limited to, Kettle Falls (Columbia River), Spokane Falls (Spokane River), Wenatchee Rapids down to Priest Rapids (Columbia River), Palouse Falls (Palouse River), and Celilo Falls.  Tribal members continue to harvest “eels” only for ceremonial and medicinal purposes today.  Historical harvest methods are still in use such as scaffolds, dip nets, gaff hooks, and grabbing with hands.  Tribal members have recently been traveling to the lower Columbia River tributaries of Fifteenmile, Mill, and Chenoweth Creeks, the Chehalis, Cowlitz, Lewis, Sandy, Washougal, and Willamette Rivers, and various other sites to gather lampreys at their “usual and accustomed place” as stated in the Yakama Treaty of 1855 with the US Government.

Pre-treaty traditional fishing areas of the Umatilla, Walla Walla, and Cayuse tribes (Confederated Tribes of the Umatilla Indian Reservation) included the John Day, Umatilla, Walla Walla, Tucannon, Grande Ronde, and Powder rivers (Figure 2).  The tribe fished throughout the reservation, on ceded lands, and on “usual and accustomed lands” although recent anthropogenic alterations of landscape have reduced historical fishing areas.  The tribe primarily fished areas where lampreys were accessible by nature.  Typically, this would be at falls or rapids or areas where the stream bottlenecked allowing efficient collection.  Collections occurred throughout the day and night and tribal members referred to lampreys as “night eels or blue eels”.  Tribes fished throughout the subbasins, but some specific locations included the current site of Threemile Falls Dam and near current day Mission Falls in the Umatilla River subbasin,  at Tumwater Falls in the John Day River Subbasin, in Mill Creek and the Touchet River of the Walla Walla River Subbasin, in various tributaries of the Grande Ronde River, and at sites of the Minthorn Family in the Tucannon River Subbasin (Swindell 1941; Lane and Lane 1979; Jackson et al. 1996; Close et al. 2004).  

Harvest by the Nez Perce Tribe occurred primarily in the Salmon, Clearwater, and Grande Ronde subbasins, as well as on the mainstem Snake River (Figure 2).  Areas of harvest in the Salmon River Subbasin included Bear Valley, Dagger Falls, “The Rail” Falls, Yankee Falls and an area near Stanley, Idaho. Clearwater Subbasin areas included Selway Falls and near Lenore, Idaho, many locations flooded by the building of Dworshak Dam on the North Fork of the Clearwater River, and Orofino Creek Falls on Orofino Creek.  In the Grande Ronde Subbasin, harvest occurred along the Grand Ronde River and in many tributaries.  On the Snake River, harvest occurred near “Captain John”, at the Old Lewiston Dam, and at many locations flooded or lost due to the Hells Canyon Complex including Shoshone Falls on the Upper Snake River (E. Crow, personal communication). 
In the 1970s, tribal members began noticing declines in the numbers of Pacific lamprey migrating into the interior Columbia River Basin.  Tribal members identified probable causes for declines in lamprey as degraded habitat conditions, fish poisoning operations, and dams (Close et al. 2004).

From a tribal perspective, the decline of lamprey continues to have at least three negative effects: (1) loss of cultural heritage, (2) loss of fishing opportunities in traditional fishing areas, and (3) necessity to travel great distances to lower Columbia River tributaries, such as the Willamette River, for ever-decreasing lamprey harvest opportunities.  As a consequence of restriction or elimination of harvest in interior Columbia River tributaries, many young tribal members have not learned how to harvest and prepare lamprey for drying.  In addition, young tribal members are losing historically important legends associated with lamprey.

When the few opportunities for harvest occur, younger tribal members, with training from adult tribal members, often collect eels for tribal elders.  Without lamprey to catch, prepare, and preserve, younger tribal members will lose the opportunity to gain associated technical knowledge and cultural experiences, including important connections with elders.  The loss of traditional knowledge surrounding eel myths and stories threatens loss of tribal culture (Close et al. 2002).  One tribal elder stated:

The eels was part of the July feast. Because along with the salmon… this is what our older people tell us… that when the time began the foods were created. The foods were here before us…and they said that the foods made a promise on how they would take care of us as Indians and the eels was one of those who made a promise to take care of us (Close and Jackson 2001).

LIFE HISTORY
Lampreys likely emerged about 530 million years ago (Dawkins 2004), as compared to Pacific salmon, known to have existed for 40 million years (Wilson and Williams 1992, cited in Cummings 2007).  However, the life history of Pacific lamprey is not as well known as that of salmon.  Pacific lamprey follow a general life-history pattern (Figure 3), but some between and within-basin variation may exist regarding time of spawning, metamorphosis, outmigration, ocean residency, and upstream migration. 

After feeding and growing in seawater for as long as 40 months, Pacific lamprey migrate into freshwater to spawn (Beamish 1980).   In the Columbia River the peak of spawning migration occurs in summer (June-August) and most fish pass Bonneville Dam after water temperatures exceed 15°C (Keefer et al. 2009a).  Adult Pacific lamprey spend a winter prior to spawning becoming sexually mature in areas such as deep river pools with cover (Beamish 1980; Robinson and Bayer 2005).  Recent evidence suggests that warm summer temperatures (> 20 oC) are associated with sexual maturation the following spring, whereas cooler temperatures (~13-14 oC) are associated with immaturity in adult Pacific lamprey (Clemens et al. 2009).  

After over-wintering, adult lamprey have been observed spawning between March and July when the water temperature is between 10 and 15oC (Beamish 1980; Beamish and Levings 1991; Close et al. 2003; Brumo 2006).  Males and females cooperate to build redds (Pletcher 1963).  Absolute fecundity varies between 98,300 and 238,400 eggs per female (Kan 1975).  Adult lamprey die within 3-36 days after spawning (U.S. Fish and Wildlife Service 2006).
Age of Pacific lamprey at time of spawning is difficult to estimate due to their complex and variable life history, difficulties in aging ammocoetes, lack of direct information on ocean residency time, plasticity of maturation timing in relation to freshwater temperatures (Clemens et al. 2009), and migration rates.  Field observations of ammocoetes and macrophthalmia suggest that freshwater age and timing of metamorphism is diverse and may vary regionally, perhaps associated with factors like water temperature and migration distance (Kostow 2002).  For these reasons it is difficult to track individual year-classes throughout their life cycle, and thus modeling population dynamics is problematic.  Although methods to age adult lamprey have not yet been developed, some adult river migrants may be as old as eleven years (Beamish 1980).  
Depending on water temperature, eggs hatch after ~15 days and ammocoetes spend another 15 days in redd gravels until they emerge and drift downstream to suitable rearing habitats (Pletcher 1963; Brumo 2006).  Dispersion from redds to suitable burrowing habitat is dependent upon flow and stream gradient (Potter 1980).  Ammocoetes move downstream during high flow and scouring events, generally observed during the spring and winter (Graham and Brun 2006).

In general, ammocoete habitat occurs in low velocity, low gradient areas containing soft substrate and organic materials (Pirtle et al. 2003; Graham and Brun 2006).  Ammocoetes will remain burrowed in soft substrates for up to 7 years (Close et al. 1995).  While burrowed, ammocoetes are blind and sedentary.  They filter feed on diatoms and other organic material suspended in the water column (Moore and Mallatt 1980).  For filter feeding, ammocoetes produce mucus from the pharynx that entraps food particles that flow over rearing beds (Moore and Mallatt 1980).

Similar to salmonids, lamprey ammocoetes go through a “smolting” process where they undergo morphological and physiological changes to prepare for ocean life and the predatory phase of their life history (Close et al. 1995).  Ammocoetes develop eyes, an oval mouth, functional teeth, and a tongue, and the size of their oral disc increases, as in sea lamprey, Petromyzon marinus (Youson and Potter 1979).  Internal changes include foregut development for osmoregulation (Richards 1980; Richards and Beamish 1981), blood protein changes (Richards 1980), disappearance of the bile duct and gallbladder (Bond 1979), and development of a unidirectional respiratory system (Lewis 1980). Metamorphosis generally occurs between July and October (Richards and Beamish 1981; Hammond 1979).  Once metamorphosis is complete, ammocoetes are considered macrophthalmia or juvenile lamprey.  Before outmigration, macrophthalmia appear to change their habitat preference to larger cobble-sized substrate and faster water (Beamish 1980).

Macrophthalmia migrate to the Pacific Ocean between fall and spring, coincident with periods of high river discharge (Richards and Beamish 1981; Beamish and Levings 1991; van de Wetering 1998; Graham and Brun 2006; Bleich and Moursund 2006).  Pacific lamprey are thought to remain in the ocean, feeding parasitically on a variety of fish, for approximately 18–40 months before returning to freshwater as immature adults (Kan 1975; Beamish 1980).  Pacific lamprey use olfactory perception, vision, and electroreception to choose their prey (Close et al. 1995).  Feeding occurs when an adult lamprey attaches itself onto prey using its oral disc, rasps through prey tissue, injects anticoagulant, and feeds upon blood and fluids.  Beamish (1980) found that walleye pollock Theragra chalcrogramma and Pacific hake Merluccius productus were the major prey of Pacific lamprey.  However, Pacific lamprey have also been observed feeding on a wide variety of fish species and marine mammals (Scott and Crossman 1973).
STATUS AND TRENDS
Distribution

Pacific lamprey were widely distributed in the Columbia River Basin according to historic collection records (Lee et al. 1980; Kostow 2002; Oregon State University, cited in Kostow 2002; University of Washington fish collection records; University of British Columbia fish collection records).  The largest concentration of collections has occurred in the lower Columbia Basin, including the Willamette River.  Historic collections also occurred upriver into Columbia River head waters in Canada, including Kootenay Lake and the Okanogan Subbasin, and up the Snake River to Shoshone Falls and into the upper Salmon River Subbasin (College of Idaho fish collection records; Figure 1).  

Collections and historic observations of Pacific lamprey are common from the Columbia River below the mouth of the Deschutes River, and include numerous small tributaries such as Fifteenmile Creek, Gnat Creek, the Elochoman River, the entire Willamette River Subbasin, and numerous areas around the Columbia River estuary.  Lamprey probably used all accessible watersheds in the Lower Columbia, including mainstem and slough habitats.  A comparison of counts at Bonneville Dam  to harvest at Willamette Falls during the 1940s indicates that Pacific lamprey were probably more abundant in the Willamette Subbasin at that time than they were anywhere upriver of the Columbia River Gorge (Kostow 2002).  

Watersheds upstream of the Columbia River Gorge specifically noted in historic collections and observations include the Deschutes extending into the Crooked River above Pelton/Round Butte Dam, John Day, Umatilla, Walla Walla, Yakima, Entiat, Okanogan and Kootenay Lake.  In the Snake River Basin, collections and historic observations have been made in the lower Palouse, Clearwater, Salmon, Grande Ronde, Imnaha, and upstream to at least the Powder River.  Historic records are too sparse to determine the full extent of historic occupation of these basins.  

The current distribution of Pacific lamprey is severely reduced from the historic pattern and anadromous lamprey have been lost from all areas that are blocked by impassible barriers.  These barriers include the Willamette Subbasin dams, and other high-elevation dams such as the Pelton/Round Butte complex (Deschutes), Dworshak (Clearwater), Hells Canyon complex (Snake), and Chief Joseph/Grande Coulee (Columbia).  Lesser barriers that may pass salmonids also can block passage by lamprey, including smaller dams like Powerdale on the Hood River, and small water diversion dams, culverts, tide gates and other structures.  

Abundance
Count data that have been collected intermittently and opportunistically as part of intensive salmonid monitoring programs at Columbia and Snake River dams for several decades (Starke and Dalen 1995; U. S. Army Corps of Engineers 2007) provide one of the few time series of Pacific lamprey abundance.  However, count data can only serve as a relative index of adult population size because most adult lamprey pass at night when counting is not conducted, and numerous routes are available for lamprey to pass dams without being detected (Moser and Close 2003; Robinson and Bayer 2005).  Nevertheless, counts indicate order-of-magnitude reductions in the number of Pacific lamprey spawners that return to the interior Columbia River Basin (Close et al. 2002).  For example, counts at Bonneville Dam were over 350,000 at times during 1950s and 1960s but have exceeded 100,000 only twice in the last decade and have been below 20,000 in most recent years (Figure 4).  
Another example of decline of Pacific lamprey in the Columbia River Basin is represented by estimated harvest at Willamette Falls, which may have approached 500,000 animals in a single year during the 1940s (Kostow 2002).  The last available estimates from 1990s and early 2000s were a fraction of this number (Figure 5).  Declines may be most dramatic for interior populations such as in the upper Snake River, where counts at Lower Granite Dam have ranged from 282 to a low of 27 over the last decade (Fish Passage Center 2009).
The ratio of Pacific lamprey escapement at dams (upstream count divided by downstream count) has been consistently low between Bonneville and The Dalles dams (mean = 0.28) and between John Day and McNary dams (0.38), whereas counts at John Day Dam are relatively high (mean = 0.95) compared to The Dalles Dam (Figure 6).  These data may be misleading, however, because counts at John Day Dam can be higher than those at The Dalles Dam during some years.  From 2006-08, lamprey escapement was estimated as 52-67% (mean 61%) between Bonneville and The Dalles dams and 52-69% (mean 62%) between The Dalles and John Day dams, but only 21-27% (mean 25%) between the John Day and McNary dams and 28-42% (mean 35%) between the McNary and Ice Harbor/Priest Rapids dams (Keefer et al. 2009a; 2009b).  
Population Structure
A central unresolved question is whether Pacific lamprey exhibit stock structure resulting from natal homing or some other mechanism.  Are Pacific lamprey panmictic, or are there genetically distinct, temporally- or geographically-separated populations?  Goodman et al. (2008) analyzed mitochondrial DNA from 81 Pacific lamprey along the Pacific Ocean coastline of North America and found that less than 2% of the genetic variation they observed was associated with differences among regions or among drainages within regions sampled.  Lin et al. (2008) analyzed polymorphic loci of Pacific lamprey from seven different Northwest rivers including four in the Columbia Basin.  While they, like Goodman et al. (2008), found no statistically significant differences between the Columbia and Klamath basins, they did find statistically significant differences among samples within those basins.  Lin et al. (2008) concluded that Pacific lamprey showed a geographical divergence pattern across the range of Pacific Northwest samples, but with no clear pattern of geographical structure.  They hypothesized that lamprey from different rivers disperse and mix in aggregations at sea and could be carried for hundreds of miles by prey and ocean currents, and that the likely absence of natal homing could lead to temporally-unstable genetic differences among spawners.  Finally, Keefer et al. (2009b) found evidence for possible population-based differences in run timing and body size in Columbia Basin adult Pacific lamprey, with Snake River fish migrating earlier and at a larger body size than the run at large.  Although there is little evidence for population differentiation, this line of study is in its early stages and more genetic, physiological, and demographic information is needed before firm conclusions can be drawn. 
MIGRATION BEHAVIOR
Understanding the cues that Pacific lamprey use to orient and navigate is an important element of planning for lamprey restoration and management.  Adult Pacific lamprey are known to participate in free-swimming migrations over hundreds of kilometers to reach spawning locations.  The orientation and navigation cues that lamprey use during migration are largely unknown, particularly during marine and estuarine phases.  However, recent research has provided some insight regarding mechanisms of orientation and run timing during the freshwater phase of migration.

After adult lamprey enter fresh water, temperature is clearly an important factor in regulation of run timing.  Using visual count data from the Columbia River hydropower dams, Keefer et al. (2009a) determined that lamprey migration was earliest in warm, low-discharge years and later in years when water temperature was cooler and discharge was high.  This trend was quite stable over the 40 year period of record, with few fish passing Bonneville Dam before temperatures reached 15°C.  On average, about half of all lamprey counted at Bonneville Dam passed by the time water temperatures reached 19°C.  Relatively few lamprey are counted after the water temperature peaks in summer (21-23°C; Keefer et al. 2009a).  

River discharge is closely correlated with temperature and likely plays an important role in both migration timing and fine-scale responses to currents and olfactory cues.  Research at large hydropower dams in the Columbia River Basin has indicated that adult lamprey seek areas of relatively high flow when approaching a dam (Moser et al. 2002a; Johnson et al. 2005; Mesa et al. 2009; Moser and Mesa in press).  Also, in behavioral assays conducted in the laboratory, migratory lamprey consistently chose flowing water over no flow (Moser et al. unpublished data; Keefer et al. In Press).  
River discharge also has important consequences for dispersal of olfactory cues.  It is unknown whether, like salmonids, lamprey use olfactory cues to home to their natal stream.  However, recent research has indicated that sea lamprey and Pacific lamprey are both sensitive to olfactory signals from conspecifics.  Research using sea lamprey first documented adult lamprey detection and responses to a bile acid pheromone produced by larvae (Vrieze and Sorenson 2001; Sorenson et al. 2003; reviewed in Dittman 2005).  Later work indicated that in addition to this “migratory pheromone”, female lamprey are sensitive to a “sex pheromone” produced on the spawning grounds by spermiating males (reviewed in Dittman 2005; Johnson et al. 2005).  A number of other lamprey species, including Pacific lamprey, have now been shown to produce these bile acids and/or respond to them (Gaudron and Lucas 2006; Yun et al. 2003; Fine et al. 2004; Robinson et al. 2009; Moser et al. unpublished data).
FACTORS FOR DECLINE
Many factors have likely contributed to the decline of Pacific lamprey in the Columbia River Basin, including impassable barriers that completely block passage to large areas, poor passage efficiency at dams and other barriers designed for passage of salmonids, degradation of remaining habitat, decreased water quality, predation, and harvest.  The relative impacts of these factors are difficult to quantify and therefore prioritize; however, improving passage of both adult and juvenile Pacific lamprey at dams has been considered a high priority (Columbia Basin Fish and Wildlife Authority 2008; Nez Perce, Umatilla, Yakama, and Warm Springs Tribes 2008).  Passage of adult lamprey at dams is measurable, and the benefits to lamprey of improving passage may be more easily quantified than efforts in other areas.  Most work to enhance Pacific lamprey to date has therefore focused on evaluating and improving passage. 
Radio-telemetry work from 1997 to 2002 at Bonneville Dam indicated that adult Pacific lamprey passage efficiency (the percentage of lamprey that successfully passed over the dam of those that approached the dam base) was less than 50% in all years (Moser et al. 2002b; Moser et al. 2005; Figure 7).  Based on 2000-2002 radio-telemetry research, passage efficiencies at Bonneville, The Dalles, and John Day dams averaged only 47%, 74%, and 53%, respectively.
Studies on downstream passage of larval and juvenile lamprey have been limited.  Because of their tendency to migrate low in the water column, most juvenile lamprey are believed to swim under the turbine intake screens of bypass systems installed for salmonids at mainstem dams.  This results in the majority of juvenile lamprey passing large hydropower dams through the turbines when they encounter a powerhouse.  Studies have demonstrated that juvenile lamprey may be less likely than salmonids to be harmed by changes in pressure and shear conditions (Moursund et al. 2001); however, actual direct or indirect effects of dam passage on juvenile lamprey have not been evaluated.  Juveniles that remain higher in the water column are vulnerable to impingement and mortality on surface-mounted turbine intake screens.  
Evaluation and modification of other factors limiting Pacific lamprey will be critical to conservation efforts.  Although not as well understood as the direct effects of passage impediments, efforts currently focused on salmonids to restore habitats and natural processes should also help lamprey.  Some lamprey-specific restoration projects may also be needed.  The relative impact of predation on juvenile Pacific lamprey by birds and both native and non-native fish species is another potential limiting factor that is not completely understood.  Predation on adult Pacific lamprey by marine mammals may also be substantial. 
The cumulative impacts of all these limiting factors have led to the decline of Pacific lamprey, and to the need for expedited action.  Although recent actions have led to passage improvements at specific structures (Moser et al. 2003; 2005; Keefer et al. In Press), a great deal of work still remains throughout the Columbia River Basin.  Work also remains to understand and modify other limiting factors.     
TRANSLOCATION PROGRAMS
Translocation of adults could potentially be used under a number of differing scenarios to restore or increase Pacific lamprey abundance.  For example, the removal of barriers such as Powerdale Dam on the Hood River and Condit Dam on the White Salmon River will open abundant high quality habitat once used by Pacific lamprey.  If other critical factors such as water quality are not limiting lamprey recovery above these dams, then making this habitat accessible for spawning and rearing could be important to the restoration of Pacific lamprey.  Translocation of adult lamprey to these areas may be necessary to start the restoration process.

A specific objective of the Tribal Pacific Lamprey Restoration Plan for the Columbia River Basin (Nez Perce, Umatilla, Yakama, and Warm Springs Tribes 2008) is to “Supplement lamprey by reintroduction and translocation in areas where they are severely depressed or extirpated”.  To date, translocation programs have been implemented by the Confederated Tribes of the Umatilla Indian Reservation (CTUIR) and the Nez Perce Tribe (NPT). The Confederated Tribes of the Yakama Nation is also considering implementation of a pilot adult Pacific lamprey

translocation program from mainstem Columbia River hydropower projects into various

subbasins, including an evaluation of methodology and potential biological benefits and risks (Confederated Tribes of the Yakama Nation 2008). 
Guidelines for Translocation
Guidelines for Pacific lamprey translocation were first drafted for the Columbia Basin Fish and Wildlife Authority by the Columbia River Basin Lamprey Technical Work Group (1999) as part of a plan for Pacific lamprey projects and needs.  This was one of the first collaborative efforts to coordinate work and define future needs for Pacific lamprey in the Columbia River Basin.  The guidelines are being considered for revision and adoption into the Tribal Pacific Lamprey Restoration Plan for the Columbia River Basin (Nez Perce, Umatilla, Yakama, and Warm Springs Tribes 2008).  The current guidelines include:
(1) The target or recipient subbasin formerly (or currently) sustained a Pacific lamprey population.

(2) The problems which lead to the reduction or demise of Pacific lamprey in a recipient subbasin have been addressed (dewatering, passage barriers, chemical treatments, etc.)

(3) The existing recipient subbasin Pacific lamprey population has been determined to be below a level which could recover to self-sustainability with harvest.

(4) Pacific lamprey removal (defined location, life history state, and number) from a subbasin donor population is determined to have insignificant impact on that population.

(5) Disease clearance or screening has been conducted on the donor population and results have been approved by a fish pathologist (similar to salmonid transfers).

(6) The donor population was selected based on the following: 1) results of a Columbia Basin Pacific lamprey genetic database/stock structure study; 2) geographic locations of donor vs recipient subbasins (may not be a critical factor depending on outcome of genetic database/stock structure study); and 3) availability of stocks.

(7) NEPA requirements have been addressed - if applicable.

(8) ESA concerns/requirements have been addressed - if applicable.

(9) Proposed action includes a monitoring and evaluation plan to determine effectiveness of action.
The current guidelines correspond well with rules for propagation and translocation recently published by the American Fisheries Society (George et al. 2009).  These rules include:
(1) Determine that propagation and translocation is necessary - corresponds to (1) and (3) above.

(2) Get approval and advice - corresponds to (5), (7), and (8).

(3) Choose the source wisely -corresponds to (4) and (6).

(4) Propagate naturally and carefully -not relevant to translocation of Pacific lamprey.

(5) Prepare for release – corresponds to (2) and (5).

(6) Evaluate and adapt – corresponds to (9).

(7) The public needs to know – not addressed in current translocation guidelines.

(8) Record it and share it – implicit in all current guidelines.

Case Study: Confederated Tribes of the Umatilla Indian Reservation 
Translocation Program 
Background 

In a 1995 report for the CTUIR, Close et al. (1995) evaluated the status of Pacific lamprey as directed by the Northwest Power and Conservation Council. The report identified measures that needed immediate implementation for reintroduction of lamprey as well as recommendations for research and data gathering.  Among these were recommendations to determine current abundance and distribution, and to identify potential applications of translocation.  The anticipated results were identification of translocation actions including methodology, source/donor stocks, target locations, and follow-up monitoring and evaluation needs. 
In 1998 the CTUIR completed an electrofishing survey for juvenile lamprey in northeast Oregon and southeast Washington to document abundance and distribution in the CTUIR ceded lands.  The Umatilla, Walla Walla, Tucannon, and Grande Ronde rivers had negligible lamprey presence suggesting either extremely low abundance or extirpation of Pacific lamprey.  The John Day River had the best lamprey production of the rivers sampled, with juvenile lamprey documented throughout the subbasin.

In 1999, the CTUIR developed a peer-reviewed restoration plan for Pacific lamprey in the Umatilla River.  The Umatilla River was chosen for reintroduction because it once supported a large number of Pacific lamprey and a traditional lamprey fishery, and donor stocks for translocation were geographically close.  In addition, numerous habitat improvements in the Umatilla River subbasin had been completed for salmonids.  The restoration plan called for 1) locating an appropriate donor stock for translocation, 2) identifying suitable and sustainable habitat within the subbasin for spawning and rearing, 3) translocation of up to 500 adult lampreys annually, and 4) long-term monitoring of spawning success, changes in larval density and distribution, juvenile growth and  outmigration, and adult returns. 

In 1999 and 2000, the CTUIR began implementing the restoration plan (Table 1; Figure 8).  Lamprey used for this program were initially collected during winter lamprey salvage operations at John Day Dam, the first Columbia River hydropower dam downstream from the mouth of the Umatilla River (Figure 1).  In later years, collections were augmented with fish collected during summer at Bonneville and The Dalles dams.  
Tasks required to implement the Umatilla translocation plan include:

· Coordinating with U.S. Army Corps of Engineers mainstem dam fishway dewatering activities for the salvage and collection of adult lamprey

· Establishing adult collection facilities at select mainstem projects to facilitate the translocation effort

· Targeting 500 adult Pacific lamprey to be moved from mainstem dams to the Umatilla River subbasin annually

· Holding transported adults for over-wintering at the South Fork Walla Walla River Adult Lamprey Holding facility and Minthorn Springs Adult Lamprey Holding facility
· Releasing over-wintered adults in the spring into the Umatilla River subbasin
· Long-term monitoring of translocation success
Results

Spawning Success
Translocated lamprey were successful in depositing fertilized eggs in redds and producing viable eggs in the Umatilla River and Meacham Creek.  In 2001, 19 viable redds were found in the mainstem Umatilla River and 30 in Meacham Creek.  In 2002, 21 viable redds were found in the Umatilla River and 46 in Meacham Creek.  The mean percent egg viability per redd was 93.4% (± 3.6%) in the Umatilla River and 81.4% (± 5.1%) in Meacham Creek (Figure 9). The figure actually shows standard error (I think), not 95% CI’s. The percent egg viability in 16 redds studied ranged from 57.8 % to 100.0 %.  In seven of 16 redds the egg viability was over 99.0 %.  Seventy five percent of the unviable eggs were covered by fungus and 25.0 % were deformed. 
Larval Density and Distribution
Larval abundance in index plots sharply increased one year after translocating adult lamprey to the Umatilla River (Figure 10).  Mean density levels of larvae were 0.08 ± 0.05 larvae/m2 in 2000.  Mean density levels significantly increased to 5.23 ± 1.73 larvae/m2 and 6.56 ± 2.44 larvae/m2, (P < 0.01) in 2001 and 2002.  The figure actually shows standard error (I think), not 95% CI’s. Mean densities remained elevated through 2007 (P < 0.001).  

Larval distribution increased through time in the upper mainstem Umatilla River (Figure 11).  In the years prior to translocating adults, no larvae were found in the upper Umatilla River.  However, one year after translocating adults, larval densities increased and the distribution of larvae moved downstream.  By 2007, the larval distribution extended downstream to the middle reaches of the Umatilla River, with little change in larval densities in the lower river.
Juvenile Growth and Outmigration
Recently metamorphosed lamprey abundance sharply increased during the 2000-01 outmigration (Figure 12).  Abundance returned to low levels and the sharply increased again in 2005-06.  The 2000-01 peak was likely due to natural production that occurred before the translocation study began.  However, the 2005-06 peak may have resulted from the translocation of adult lamprey.
 

During 2005-06, the median length of recently metamorphosed lamprey was 143 mm (range, 113-180; Figure 13A).  During the same trapping, the median length of larval lamprey was 145 mm (range, 52-182; Figure 13B).  This indicates that the rotary screw trap may be selective for larger sized lampreys.
Adult Returns
Prior to translocation, numbers of adult Pacific lamprey in the Umatilla River Basin were very low (Close et al. 2008).  The number of adults has increased over time (Figure 14), but the total number of individuals entering the Umatilla River is still low.  This is due at least in part to the long freshwater residence time of juvenile Pacific lamprey.  Other contributing factors may include 1) low adult returns in the mainstem Columbia River, 2) adult lamprey may not return to their “natal” stream to spawn, 3) low instream flows that may fail to attract adult lamprey, and 4) passage barriers that block adult migration (Jackson and Moser, unpublished data).
Case Study: Nez Perce Tribe Pacific Lamprey Translocation Program
Background

Numbers of Pacific lamprey returning to the Snake River, as estimated by daytime counts at Lower Granite Dam, have been reduced to double digits in recent years (Fish Passage Center 2009).  Although actual numbers escaping to the Snake River are unknown, it is obvious that populations have declined dramatically.  The potential loss of Pacific lamprey to the Snake River has significant ecological and cultural ramifications, especially for Native American Tribes.  Since 2006, biologists with the Nez Perce Tribe have conducted a trial translocation program to augment natural lamprey production in the Snake River.  Adult lamprey salvaged from John Day Dam adult fishways during the annual winter dewatering period are held through the winter at the Nez Perce Tribal Hatchery on the Clearwater River.  In May they are released into four Snake River tributaries: Asotin Creek in Washington, and Lolo, Newsome, and Orofino creeks in Idaho (Figure15).  

To document the effectiveness of the program, a sub-sample of 30 fish per year have been outfitted with radio transmitters and released into 3 of the 4 streams, ten fish per stream.  Radio-tagged fish were not released into Asotin Creek during 2007 or into Orofino Creek during 2008 and 2009.  Systematic (mostly weekly) surveys using a truck-mounted and hand-held receiver were conducted to determine the movements of translocated lamprey following release.  Limited spawner surveys were made by foot to locate lamprey redds and, if possible, verify spawning activity.  
During the summer of 2009, surveys to search for juvenile lamprey were initiated in Newsome and Lolo creeks.  A specialized backpack electrofisher, designed for use with lamprey ammocoetes, was used to systematically survey 15-km reaches of the two streams, encompassing areas where radio-tagged adult lamprey had been located.   Starting at locations where adult lamprey were released, sites up- and downstream at approximately 1 km intervals were surveyed until juvenile lamprey were no longer found or until the mouth of the study stream was attained. At each site, approximately 50 m of stream was surveyed, or until 20 to 30 ammocoetes were collected.  Lengths (mm) and weights (nearest 0.1 g) of collected fish were measured, and all fish were then returned to the collection site.  
Results

Over three years (2006, 2007, and 2008), a total of 391 adult lamprey have been collected for this trial translocation effort.  All but two of these fish survived to release the following spring (Table 2); one fish each died after radio-tagging in 2007 and 2009.  Lamprey were released at river miles 8.9 in Asotin Creek, 31.4 and 34.3 in Lolo Creek, 3.9 and 8.2 in Newsome Creek, and 30.0 in Orofino Creek.  
For the most part, radio-tagged lamprey remained in the release streams.  The exceptions occurred in Newsome Creek where 8 of 29 lamprey moved downstream to the South Fork Clearwater River.  Five of 20 may have also left Asotin Creek, although only one fish was confirmed to be in the Snake River.  Fish that remained in release streams generally moved an average of 1 to 2 miles from release sites, mostly downstream.

Spawning occurred during June and early July in 2007 and 2008, and late July to early August in 2009.  Lamprey redds were observed in all release streams where surveys were conducted except for Asotin Creek in 2009.  Surveys were conducted as time permitted and so numbers reported were not indicative of actual spawning success in release streams.  Nonetheless, the presence of redds, some with adult lamprey residing, indicated that released fish were able to exhibit spawning behavior following translocation.  

During the September 2009 electrofishing surveys,  juvenile lamprey were observed within an 8.6 mile segment of Lolo Creek (from the upper release site down to the mouth of Eldorado Creek), and in an 8 mile segment of Newsome Creek (from the upper release site down to the confluence with the South Fork Clearwater River).  No ammocoetes were observed in either creek upstream from the upper release sites.  Sizes of fish collected ranged from around 30 to 100 mm (Figure 16).  The range of sizes found suggests that multiple age classes were present, but the size frequency distributions did not help delineate age groupings.  Spot checks in the lower segments of Eldorado Creek (tributary of Lolo Creek) and the Red and American rivers (tributaries of South Fork Clearwater River approximately 10 miles upstream of Newsome Creek) did not reveal any lamprey larvae.  While not conclusive, the indication is that larval lamprey observed in Lolo and Newsome creeks were primarily the progeny of the translocated adults.  
POTENTIAL BENEFITS, RISKS, AND UNCERTAINTIES
The ideas covered in this section on potential benefits and risks to translocating lamprey from the lower mainstem Columbia River into upstream subbasins stem from two sources:  1) direct observations on actual benefits; and 2) logic extended from untested hypotheses on potential benefits and risks.  As previously mentioned, the aim of Pacific lamprey translocation programs is to reintroduce these fish into the portions of the Columbia River Basin formerly inhabited in large numbers.  By reintroducing the fish to these locations, the translocation programs are essentially mitigating for the lack of spawning stock in these reaches of the basin by expediting and assisting the upriver migration that currently must pass through several dams en route to spawning grounds.   Benefits discussed are those potentially realized from restoration of Pacific lamprey, for which translocation is one potential tool.  Potential risks are those associated specifically with translocation.   This is not intended to be a comparison of the risks and benefits among various management options.
Benefits of Lamprey Restoration
Restoration of Pacific lamprey through translocation programs has direct cultural benefits to tribal members.  This is an actual benefit wherein tribal members directly view more ammocoetes in the subbasins into which these fish have been reintroduced, thus renewing the close relationship between indigenous tribes and lamprey.   Moreover, introduction of lamprey in areas where they have been extirpated raises awareness of these fish and their role in the ecosystems among tribal members and managers alike.  This increased awareness stimulates efforts to improve habitats for lamprey, provide access to spawning areas, and examine limitations to lamprey success.

Another likely direct benefit of translocation may be a resulting wider distribution of Pacific lamprey, through occupation of subbasins where they have been severely depressed or extirpated.  This wider distribution should help “spread the risk” of lamprey extinction by decreasing the overall impact of catastrophic events within a subbasin, or even within a larger portion of the Columbia River Basin.
Another potential benefit is that increasing pheromone cues by augmenting juvenile lamprey abundance may attract more adults into the Columbia River Basin as a whole (if this in fact is the primary cue to orientation of migrants).  Translocation and other restoration programs may therefore have a synergistic effect that could help break the downward cycle of Pacific lamprey recruitment and abundance. 

Lamprey translocation may also result in benefits to the ecosystem.  Because ammocoetes are filter feeders, the increased production of ammocoetes may facilitate nutrient cycling in the rivers where adult lamprey have been reintroduced.  Other potential benefits include increased connectivity of marine with freshwater ecosystems, and delivery of marine-derived nutrients into upper reaches of the Columbia River Basin.  Outside of a lack of a sufficient spawning stock in the upper basin, delivery of marine-derived nutrients may be a limiting factor to the production of ammocoetes in these freshwater systems.  In essence, potential benefits of translocation may include a realization of the unique attributes that Pacific lamprey provide for the freshwater ecosystems they use to complete their life cycles (e.g., see Close et al. 2002).
Increasing the number of juvenile lamprey through translocation or other management options may also result in direct benefits to other native species.  Lamprey restoration will increase the prey base available to a number of native predators.  In addition, increases in the number of juvenile lamprey may serve as a predation “buffer” to other species such as juvenile salmonids. 
Risks of Lamprey Translocation
Potential risks to translocating lamprey are unknown, but may include disruption of any connection between stock structure and particular watersheds, if one exists, moving fish to areas with substantial limiting factors, introduction of pathogens and disease from the lower reaches of the Columbia River Basin into the upper reaches (when such pathogens and disease may be “weeded out” or selected against over the long journey upstream to the upper subbasins), decreases in abundance from donor areas, and a “tragedy of the commons” effect (e.g., see Hardin 1968).  For example, taking of broodstock from existing functional systems to augment other subbasins may result in loss of the remaining functional systems. 
As previously described, the connection between stock, or population structure, and particular watersheds within the Columbia River Basin is unclear.  Any risk of disruption is contingent upon potential temporal or geographical differentiation in stock structure, including genetic, morphological, behavioral and/or physiological differences in the runs of Pacific lamprey in the Columbia River basin.  One morphological/physiological characteristic of Pacific lamprey, body size, is associated with the distance of upstream migration and with swimming ability (Clemens et al. In Review; Keefer et al. 2009b).  If body size is an inherited characteristic, then translocation may select for a different genetic architecture than selected for by evolution. 

The potential use of pheromones by adult Pacific lamprey for orientation and navigation has important implications for lamprey management.  If lamprey migration behavior is indeed altered by the presence of larval bile acids, changes in juvenile lamprey abundance and their pheromone output could have important consequences for adults.  For example, larval lamprey extirpation or reduction in a tributary could result in lack of adult colonization due to insufficient pheromone production.  Alternatively, artificially adding juvenile lamprey to a subbasin could result in attraction of adults to areas with inadequate spawning habitat, poor water quality conditions, or lack of access to suitable spawning substrates.  While our understanding of Pacific lamprey use of pheromones is in its infancy, the misuse of this potentially powerful migration cue could conceivably alter spawning distributions of entire year classes of migrating lamprey.
Although disease transmission is a potential risk, it appears unlikely based on recent evaluations.  Oregon Department of Fish and Wildlife Fish Health Services personnel have used standard fish health diagnostic methods to test Pacific lamprey for pathogens.  All examinations have been at the adult stage (N=85) with the exception of lamprey larvae (N=21) submitted in 1999 from the middle fork of the John Day River.  Results to date have shown the primary pathogen of concern to be a bacterium, Aeromonas salmonicida, the causative agent of furunculosis.  Nine of 106 (8.5%) lamprey were found to have systemic A. salmonicida infections over the past decade.  All nine of these were mortalities from a loss situation at the South Fork Walla Walla adult facility following collection and transfer in June 2005.  Since this event, oxytetracycline injections (10 mg/kg) have routinely been implemented to prevent losses due to furunculosis and this has been successful.  Because Renibacterium salmoninarum, the causative agent of bacterial kidney disease, has been shown to reside in sea lamprey (Faisal et al. 2006), tests for this bacterium have begun as well.  No viral pathogens or parasites have been detected in any lamprey examined to date.  
The collection of adult lamprey for use in translocation programs poses a potential risk to the donor subbasins from which the adults are removed.  Lamprey adults that would have spawned in a subbasin are removed for transfer elsewhere, thus decreasing abundance at the source.  This risk factor is also recognized in integrated salmonid hatchery programs where it is termed “broodstock mining” (HSRG 2004).   The consequences of this action for lamprey are largely unknown.  Critical uncertainties include the population structure of lamprey, lamprey distributions and abundances in currently occupied areas, the minimum demographic requirements necessary to maintain stable and viable lamprey abundances, and the potential that some threshold abundances are needed to continue attracting lamprey into subbasins.  In salmonid hatchery programs, the general recommendation is that removal of fish for hatchery broodstocks should not cause the donor population to fall below escapement goals (HSRG 2004).  However, escapement goals have not been set for lamprey.  As a minimum guideline, lamprey translocation programs should not cause a substantial decrease in abundance in any currently occupied subbasin.  To minimize the chances of this occurring, the four treaty tribes met in May 2009 and discussed measures for take regarding translocation of adult Pacific lamprey.  The tribes agreed to a 4% take of the running 5 year average return to Bonneville Dam for translocation.  Each tribe would be allocated 1% for their respective translocation program.
A “tragedy of the commons” may or may not become an issue with translocation, dependent in part on whether the fish re-colonize relatively quickly into the rivers in which they are reintroduced (thus eliminating the need to continue translocating fish).  However, as the abundance of Pacific lamprey languishes, the urge to translocate an ever-increasing number of lamprey to a particular watershed may compete with other interests in maintaining or increasing numbers in different parts of the Columbia River Basin. 
Uncertainties and Research Needs

The attendant risks and benefits to translocation of adult Pacific lamprey cannot be accurately assessed without information on a variety of topics: population structure, life cycle mortality rates, migration mechanisms, and proper assessment of population abundance and recruitment.  As indicated in this review, existing information on even the most basic of these topics is inadequate.  The following are recommendations for research needed to support accurate risk assessment of lamprey translocation actions (not necessarily in order of priority):

· Comprehensive determination of lamprey population structure.  This is needed to assess the risk of mixing genetically distinct stocks during translocation activities and to determine whether lamprey inputs to a subbasin will result in lamprey returns to that system.  In addition, if there is lamprey stock structure, this work is needed to help identify appropriate donor and recipient subbasins.
a) Review of existing genetic work and identification/funding of sampling needed to lay this question to rest.

b) Assessment of the degree to which lamprey home using new or existing tagging technology, and or new and existing analysis of statolith chemistry.

· Modeling of life cycle mortality rates and identification of limiting factors.  This is needed to determine whether translocation to a subbasin is warranted.  According to the translocation guidelines, a subbasin cannot be targeted for lamprey translocation until the reasons underlying lamprey demise there have been addressed.  This is also needed to assess whether efforts to increase lamprey production in an area are offset by high mortality of any subsequent life stages from that area (for example, if lamprey are translocated above a hydropower dam, are out-migrating juveniles from this translocation effort subject to unusually high mortality at that dam?).

a) Review of existing stage-specific mortality rates for Pacific lamprey and surrogate species and identification of information gaps that preclude development of life stage models.

b) Research to fill information gaps (for example, determination of juvenile mortality rates at structures downstream from translocated lamprey).

c) Development of a robust life stage model for Pacific lamprey.

· Documentation of migration mechanisms.  This is needed to determine whether 

translocating lamprey will result in adult attraction to artificially-high resultant larval pheromone concentrations and whether this is always a good thing (does translocation short-circuit inherent protections provided by migration mechanisms that have evolved over millions of years).

a) Behavioral and physiological testing to assess the degree to which adult lamprey   use larval pheromones during all phases of spawning migration.

b) Field evaluation of the effects of increased larval pheromone concentration on adult lamprey recruitment to both the recipient and donor subbasins.

· Accurate assessment of lamprey abundance.  This is needed to both determine whether translocation efforts should be initiated in a given subbasin, whether translocation results in sustainable lamprey restoration in the recipient subbasin, and whether there are detrimental effects to lamprey abundance or demographic structure in the donor subbasin.

a) Mapping of historic and current Pacific lamprey abundance in a subbasin to determine whether translocation is warranted.

b) Development of standardized, accurate subbasin assessment methods for larvae (sampling in rearing areas), outmigrant macrophthalmia, and spawning adults (spawning ground surveys).

c) Long-term monitoring of both recipient and donor subbasins following translocation actions.
Regardless of the benefits, risks, and uncertainties associated with translocation and management of Pacific lamprey in general, it is evident that action is needed to halt the declining trends in lamprey numbers in the Columbia River Basin.  Actions are likely to include continued improvement of adult and juvenile passage at known and suspected obstacles, restoring degraded habit and water quality, and probably some continued translocation.  An additional tool not yet utilized may be artificial propagation.  It is important that the uncertainties associated with each action be addressed to support accurate risk assessment; however, it is imperative that some actions be taken immediately to begin the recovery of this culturally important and ecologically significant species.
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Table 1.  Number of adult lamprey translocated by year into the Umatilla River Basin.  Minthorn Springs and South Fork Walla Walla are fish holding facilities in the Umatilla and Walla Walla subbasins. Specific release locations are shown in Figure 8. 
	Year

Collected
	Collection

Location
	Holding

Location
	Year

translocated
	Number

translocated

	1999
	John Day Dam
	U.S. Geological Survey, Cook, WA.; Three Mile Falls Dam
	2000
	600

	2000-01
	John Day Dam
	Three Mile Falls Dam
	2001
	244

	2002
	John Day Dam
	Three Mile Falls Dam
	2002
	491

	2002-03
	John Day Dam
	Minthorn Springs 
	2003
	484

	2003
	Bonneville Dam
	U.S. Geological Survey, Cook, WA.; Three Mile Falls Dam
	2004
	133

	2004
	John Day Dam, The Dalles Dam
	South Fork WallaWalla; Minthorn Springs 
	2005
	120

	2005
	Bonneville Dam
	South Fork WallaWalla; Minthorn Springs 
	2006
	198

	2006
	Bonneville Dam
	South Fork WallaWalla; Minthorn Springs 
	2007
	394

	2007-08
	The Dalles Dam, John Day Dam
	South Fork WallaWalla; Minthorn Springs 
	2008
	68

	2008
	Bonneville Dam, John Day Dam
	South Fork WallaWalla; Minthorn Springs 
	2009
	325


Table 2.  Number of adult Pacific lamprey released into four study streams, mean movement (miles) from release sites (excluding fish that exited streams), and numbers of lamprey 
spawning redds observed in the study streams during 2007, 2008, and 2009.  Specific release locations are shown in Figure 15.
	Release location
	Released
	
	Mean movement
	
	Redds counted

	
	2007
	2008
	2009
	
	2007
	2008
	2009
	
	2007
	2008
	2009

	Lolo Creek
	50
	27
	28
	
	2.0
	1.1
	2.1
	
	8
	3
	6

	Newsome Creek
	50
	25
	25
	
	1.9
	0.8
	1.2
	
	6
	8
	4

	Orofino Creek
	49
	27
	26
	
	2.0
	--
	--
	
	2
	--
	--

	Asotin Creek
	28
	27
	27
	
	--
	1.5
	1.5
	
	--
	5
	0

	Total
	177
	106
	106
	
	--
	--
	--
	
	--
	--
	--
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Figure 1.  Map of the Columbia River Basin in the United States, showing major dams,  tributaries, and waterfalls.
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Figure 2.  Historic fishing areas of the four treaty tribes in the Columbia River Basin. Something like this anyway.
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Figure 3. Generalized life history of Pacific lamprey (from Cummings 2007).

Upper right box has typo.
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Figure 4.  Counts of Pacific lamprey reported for Bonneville and McNary dams (Fish Passage Center 2009).  Counts were not made from 1970 to 1995.  
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Figure 5.  Estimated number of Pacific lamprey harvested at Willamette Falls, 1943-2001 (Kostow 2002).  
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Figure 6.  Mean inter-dam escapement ratios for adult Pacific lamprey between dams of the Columbia and Snake rivers based on 10-year average of daytime counts (bars) and from 2006-2008 PIT tag records (DART 2009;  Keefer at al. 2009a; 2009b).  BO = Bonneville, TD = The Dalles, JD = John Day, MN = McNary, IH = Ice Harbor, PR = Priest Rapids, LM = Lower Monumental, GO = Little Goose, and GR = Lower Granite.  Need to explain what HD PIT means.
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Figure 7.  Overall passage efficiency (percent of lamprey that passed over each dam of those that approached each dam) for Bonneville, The Dalles, and John Day dams from 1997-2002. 

Figure 8. Number of Pacific lamprey translocated by year and location (rkm) within the Umatilla River Subbasin, 2000-2009.
PLACEHOLDER FOR NOW

Figure 9. Egg viability estimates showing translocated adult lampreys can reproduce in the mainstem Umatilla River and Meacham Creek.  Vertical bars represent means ± SEM STANDARD ERROR? 95% CI?  Sample size (n) is the number of redds examined.  Do we need a figure with only two bars?

Figure 10.  Changes in larval densities (mean of 30 index sites) after translocating adult Pacific lamprey to the Umatilla River, 1998-2007.  Vertical bars represent means ± SEM (STANDARD ERROR?) of 30 observations. Asterisks indicate significant differences from 2000 (**, P < 0.01; ***, P < 0.001).  Don’t need legend,  Y axis title can incorporate “mean”


Figure 11. Changes in larval densities after translocating adult lampreys to the Umatilla River, 1998-2007.   Index plot zero is near the mouth and index plot 30 is in the upper Umatilla River.  LET’S CONSIDER THE BEST WAY TO SHOW THIS INFORMATION. BARS ARE TOO THIN THIS WAY.

Figure 12.  Yearly estimates of out-migrant young adult lamprey MACROPTHALMIA? NEED CONSISTENT NOMENCLATURE near the mouth (river kilometer 1.9) of the Umatilla River.

We need to be consistent on how we present our time scales. (X-axis labels).


Figure 13.  Length frequency of metamorphosed lamprey (A) and larval lamprey (B) captured in a rotary screw trap near the mouth of the Umatilla River in 2005-2006.  BOTH GRAPHS SHOULD USE THE SAME SCALE FOR EASIER COMPARISON. LENGTH INTERVALS ON BOTTOM GRAPH APPEAR FUNKY.  IF THE INTERVALS ARE 5 MM, PLACEMENT OF THE BARS IS SOMEHOW OFF.  DON’T NEED LEGEND WITH THE LIFE HISTORY FORMS ON SEPARATE GRAPHS.


Figure 14.  Number of adult lamprey trapped at Three Mile Falls Dam, 1999-2009.  In 2009 the trapping period was substantially reduced while a new adult passage structure for lamprey (LPS) was installed. DON’T NEED LEGEND.
FIGURE 15 – MAP OF NEZ PERCE PROGRAM RELEASE LOCATIONS 
[image: image6.png]Frequency

90
80
70
60
50
40
30
20
10

60

70 80

Lengthmm





[image: image7.png]Frequency

50
45
40
35
30
25
20
15
10

Newsome Creek

100 110

Lengthmm





Figure 16.  Length frequency of larval lamprey collected in Lolo (n = 215) 

and Newsome (n = 181) creeks, summer of 2009.  
H:\WORK\AFAC\2009_1215\CompiledDraft_LTWG_Translocation_25Nov2009.doc







































Map of Umatilla Fishing Areas


























Map of Nez Perce Fishing Areas


























Map of Yakama Fishing Areas


























Map of Warm Springs Fishing Areas
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