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1 INTRODUCTION

Pacific Lamprefntosphenus tridentatuselong to the order Petromyzontiformes, a lineage that has
occupied rivers of western North America for the last ~350 million years. These ancient fish are distinct
from other fish within their range lampreys are jawless, have no scales, and lack péiredPacific
Lampreyare also anadromous, spending a portion of their life history in the marine environment. Since
pre-historic times, tribal memberkave utilized lamprey for important subsistence, ceremonial, and
medicinal purposefacific Lampregire also important ecologically because they provide marine

derived nutrients to the freshwater riverine environment and the aquatic and terrestrial food web
(Beamish 1980; Brown et al. 2009) and provide a-babrie prey source for various marine and
freshwater species.

In 2010, the Independent Scientific Review Palg&RPsuggested that a synthesisécific Lamprey
information would be appropriate to inform subsequent reviews of lamprey projéSRF 2014

2010b). The Northwest Power and Conservattmuncil (NPCC) formalized the request to lamprey
project proponents (NPCC 2011heTColumbia River Intéfribal Fish Commission (CRITFC), in
collaboration with its partners at the U.S. Fish and Wildlife Service (USFWS) and its member tribes
[Confederatedrribes of he Umatilla Indian Reservatio@TUIR Confederated Tribes of Warm Springs
Reservation of Oregof€ TWSRConfederated Tribemnd Band®f the Yakama Nation (YN), and Nez
Perce TribgNPT), agreed to respond tthe request, and submitted théSynopsis of Lampreyelated
Projects Funded through th@éolumbia River Baskish and Wildlife PrograhfSynopsis; CRBLTWG and
CBFWA 2012p the NPCC. The NPCC forwarded the Synopsis to the Independent Scientific Advisory
Board (SAB for review. The ISB released its review of the Synopsis in May 2012 (ISAB 2012).

This document provides a response to the ISAB review of the Synopsis,agdnizedo that it(1)
responds specifically to questions, suggestions, and concerns containthe ISRR2010a) and ISAB

(2012 review processeand (2) responsigenerally to broad, systematic appeals related to developing a
conceptual framework for understanding, classifying, and prioritizing lamprey projects to guide future
lamprey restoration effortsThis docmentincludes (1) the background and context important to the
requests and response, (2) an overviewPatific Lamprein the Columbia River Bas{@RB), (3) a
summary of pertinent documents and events intended to gut@eific Lampreyestoration in the CRB,

(4) a summary of lamprefpcused projects implemented sind®95in the CRB, (5) responses to specific
guestions from ISRP and ISAB reviews, and (6) an overview of regional andidameéforts to restore
Pacific Lamprey

1.1 Backgraund

In June 2011, as part of tliesearch, Monitoring, and Evaluation and Artififiedduction Category
review, theNPC(2011)called for the development of a synthesis report on the lamprey efforts under
the Fish and Wildlife Progra(®rogram) addressig the issues and questions raised by the ISRP in its
December 2010aview (ISRR010g 201M). The NPCC noted thate synthesis should summarize
project results and develop conclusions on the data gathered so far about the status and trends of
lamprey p@ulations, limiting factors, and itical uncertainties and risk3he report should also



prioritize actions based on these conclusoflthough the ISRP categorical review (ISRP90bd0used
primarily on two lamprey restoration projects from ti&T UIRProject #1994026-000 and theCTWSRO
Projecs#2002001-600, #2007#007-00, and #200808-00, the synthesis requestSRP 201%) was

directed at allProgram projects including the YMoject#2008470-00 and the CRITF@roject#2008

524-00. Criticalquestions to analyze includehe value of tributary habitat projects in helping to

improve lamprey returns, whether mainstem dam passage is the key limiting factor, and the relative role
of other factors such as ocean aitions and toxic contaminant3he NPCC suggested that the

synthesis should focus on general conclusions that can be drawn from the bodyvedithsince

project initiation,with supporting evidence, and possilfléure directions for the work. In addition, the
NPCGuggested that th€€dumbia River Basibamprey Technical Working Group (CRBLTWG) could be a
possible group of experts that could write a bagiitle lamprey synthesis.

In response to this recommendation, the CRBLTM@er the guidance of the Columbia Basin Fish and
Wildlife Authority (CBFWAXompktedthe Synopsi$CRBLTWG and CBFWA 2012). In the Synopsis, the
CRBLTWG and the CBFWA noted that the ISRP review of lamprey projects funded through the Program
(ISRP 20H) included a series of questions regarding the statusaufiic Lampreyin the CRBand the

degree of coordination among lamprey projects. To address these questions, the Synopsis included two
primary sections: (1) a synopsis of ongoing and past larmaiayed projects funded through the

Program, and (2) answers $pecific lamprey questioresked by the ISRPhe specific questions that

the Synopsis was tasked with answering: are

1 Question 4.1¢ What are the general conclusions of the studies to date? Are lamprey recovering
in the Basin?

1 Question 4.2¢ What have energed as primary limiting factors for lamprey basinwide? The ISRP
noted that lamprey are declining coast wide, suggesting that ocean factors may be affecting
survival, but no studies are being conducted in the marine environment. Lampreys are also likely
very susceptible to toxic contaminant effects but very limited work is being done on this issue.
Most proponents are focusing on key limiting factors in tridoythabitat but the ISRP, a®ll as
ISAB (2009) has pointed out this approach is too restretifor anadromous lamprey. A
comparison of lamprey stocks in various rivers might be useful, including those outside the
Columbia River Basin

1 Question 4.3¢ What are the major impediments to implementation of recovery plans? Will
mainstem passage problestbe resolved to enable sufficient numbers of adults to migrate into
tributaries to initiate recovery in synchrony with translocation and habitat improvements such
as ramps on low head dams and irrigation screens?

1 Question 4.4¢ Is the draft lamprey masteplan for TribaPacific LamprefRestoration that will
guide recovery efforts completed? (Project #268B4-00)

1 Question 4.5¢ Are study designs and sampling methods coordinated among projects? Some
proponents noted that key technical issues, such as sampling efficiency for juvenile lamprey
during instream trapping, as well as our inability to tag juvenile life stage lampreyamob
travel time and survival information, have yet to be resolved. Others did not, suggesting
increased communication among groups is needed. The ISRP is therefore concerned that data



may not be comparable between projects, or that critical informatidadég&ing, e.g., juvenile
travel time and survival.

1 Question 4.6¢ What are the escapement goals for lamprey, recognizing that development of
these metrics is difficult because of lack of historical information?

1 Question 4.7¢ What is the status of lampyein various subbasins and can a comparison of their
status inform an analysis of limiting factors?

1 Question 4.8¢ Comparative data on the neanadromous brook lamprey might help determine
if limiting factors in the ocean are important for tfacific Larprey.

The Synopsis (CRBLTWG and CBFQ&) @@s submitted to the NPQ@QCMarch 2012 and was turn,
submitted to thelSABor review.NPCGtaff requested that the ISABview the Synopsis and consider
the following questions:

1. Does the synopsis clearlyramarize the known status and trends of lamprey populations,
limiting factors, and critical uncertainties and risks?
a. The value of tributary habitat projects in helping improve returns
b. The importance of mainstem dam passage
c. The relative role of ocean conditis and toxic contaminants
2. Does the synopsis speak to priorities for future actions, or a path to prioritize actions?
3. Is the information well synthesized and described?

OnMay 14, 2012the ISAB provideils review (ISAB 2012) stating that that tBgnopsis i& dza S F dzft Ay
demonstrating the type and extent of new information being acquired alitadific Lamprein the
Columbia River Basirélowever, the2 y 2 LJAA & AGRAR y20G O2YLIAES ySg FAYRA
I RSljdzr GSf & I RRJuiSHoas&rid a ByAtlSsisof the/cudrént state of understanding of
FIOG2NR tAYAGAY3I fFYLNBE NBO2OSNE g¢gla y2i RSOSt 2LJ

The ISAB recommended thitie S/nopsis be revised to includbé information identified in specific
commentsand questions below.

1. Tabular summaries by topic, for example use of tributary habitat, escapemlkamts|densities,
mainstem passage, migration times, straying, translocation, and artificial propagation

2. Afigure showing project locations, their coverage with respect to the diveistorical range of
lamprey in the Basin, and the conservation status for the areas assessed by Luzier et al. (2011).

3. Responses tepecificquestiors 4.1-4.8 (ISRP 2014)

In response to the ISAB reviel8AB 201R the CRITE@ collaboration with its partners at thd SFWS

and its member tribe¢CTUIR, CTWSRO, ¥hINPT)agreedto respond to the original ISRinthesis

request(ISRP 2014 2010b, the NPCC synthesis requgbtPCC 20)landthe subsequent ISAB

Synopss revew (ISAB 201pin aformat that addresses the synthesis request from a basae

perspectiveln206> G KS / ¢2 { wh O2Y Lba&fic SaRprdgtudies by thél KSa A a 2 F

/| 2y FSRSNIGSR ¢NARoO6Sa 2F GKS 21 N¥Y { LINRgH&H wSaSNDIGA
response tdSRR201M) which synthesizes results from CTWSRO lamprey prgecs 203.



This documenis aganizedn a way that respondw® the basinwide synthesigequest bythe NPC by
(1) responding specificalty questions, suggestionand concerns contained ISRR2010a) and ISAB
(2012 and by (2) respondingenerally to broadsystematic appeals related ientifying, classifying,
and prioritizing lamprey projects to guide future lamprey restoration eff@ectionsl through3 and6
provide relevant background and context for this response to the synthesis requests. Séciais
provide the information specifically requested.

In Sectiord, tables andfigures specifically requested e ISARISAB 2012summarize Program
fundedtribal projectswithin the CRBver the pas20 yearsTables provideinformation on geographic
area,projectduration, and general conclusions from edamprey project within the basiwith links to
full project reports Projectsidentified within tables are alsoorganizd by CRBLTWE&Ciitical
Uncertainties (CRBLTWG 20pand USFWAssessmendiThreats (Luzier et al2011),both of which are
regionallyevaluated listsFgures provide a spaal context for &Blamprey projectdy identifying
where these projects occtm relation to the overall historical range of lamprey in the bakirgection

5, specificquestions from ISRP and 1Si#Biews (SRP 2014 ISAB 201Rareaddressedand/or updated
Section 6 providesinformation on how the region is working together to address critinatertainties
and threatsthroughout theCRBhrougha variety ofestablished and developing processasis setion
provides informatioron existing and future conservation, management, and restoration actions as well
as a prioritized list of threats and critical uncertainties that need to be addressed given existing
information.

1.2  Regional andTribal Context

PacificLampreyare of gredimportance totribes throughout the CRB for cultural, spiritual, ceremonial,
medicinal, subsistence, and ecological reasons. From a tribal perspective, the sympRautfiof
Lampreydecline include: 1) loss of an important nutritional source, 2) loss of harvest opportunities in
traditional harvest areas, and 3) necessity to travel large distances to lower Columbia River tributaries to
harvest lamprey (e.g., the Willamette River). Thétural loss due to lamprey declines is also profound.
Many young tribal members have not learned how to harvest and prepare lamprey for drying. In
addition, young tribal members are losing opportunities to learn historically important legends
associatedvith lamprey and lamprey fishing.

Today,Pacific Lampreyeturn to the CRBat a fraction of their historical numbers; daytime counts of
adult Pacific Lamprey & . 2y yS@AfttS 51 Y KI@S RSOt AYySR FTNRBY |y Saiday
M@pT N Qa (2 erfl(ROBOEN 2809 andZ90R0 (CRITFC 2Bigurel-1). Counts rebounded somewhat from



2011 through 207 (18,00082,554
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Figurel-1. Adult Pacific Lampreyannualdaytime counts atBonneville Danfrom 1938to 2017. Data based on
2013 Annual Fish Passage Report (USACE 2014ishdPassage Centewww.fpc.org) annualdaytime counts.
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Figurel-2. Adult Pacific Lampreynnualdaytime counts at Columbia and Snake River dams fron®78 2017.
Data based on Fish Passage Cerfteww.fpc.org) annualdaytime counts.
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Figurel-3. Estmates of Pacific Lamprey escapement through the fish ladder and total abundant®ilamette
Falls, 2012015 (Baker and McVay 2016)

Recent studies othe decline ofPacific Lamprein the CRB cite the construction of hydroelectric and

flood control dams, irrigation and municipal water diversions, habitat degradation and loss, poor water
guality, excessive predation, contaminants, ocean cycles;gpegies availability, and chemical
eradication as major contributors (Close et al. 1995; CRITFC 2011; Luzier et al. 2011; Murauskas et al.
2013). Despite recent implementation of passage improvements at mainstem and tributary dams,
habitat improvements, and adult lamprey translocatieffiorts (CRITFC 2011; Luzier et al. 2011; Ward et
al. 2012), adult returns remain relatively lowhespatial distributionof Pacific Lampreis confinedto

the lower portions of the CRdue to extirpation ilfmany subbasinef the interior CRB (Close et 4095;
USFWS 2007; Luzier et al. 2011).

Considering the low numbers Bhacific Lampreytheir value to the ecological health of the CRB, and

their cultural significance, the time to address and recover lamprey stocks is now. The CRITFC and its
members deeloped the TribaPacific LampreRestoration PlaTPLRFpr the restoration ofPacific

LampreA Yy GKS /w. G2 ydzYoSNE FRSIljdzZ 0SS F2NJ GKS o0l aayQ:
2011; see Section 3.8). The goals of the TPLRP are to intehetit the decline oPacific Lampregnd

ultimately restore these fish throughout their historic range in numbers that provide for ecological



integrity and sustainable tribal harvesthe TPLRP addresses lamprey issues at the CRB scale, generally
focused on the manstem Columbia and Willamettévers and the issues affeéoy lamprey at these
locations.

Due to the long, complex, and poorly understood life historiPacific Lampreyexisting environmental
conditions in the CRB, and scarcity of datagtibains unclear how soon lamprey will recolonize

extirpated streams, especially in the upper reaches of the CRB. Lamprey rasishfaigh a series of

dams before reaching the SnaRéverand interior Columbia River (Keefer et al. 2012a), so natural
recolorization of upper reaches may require extensive time, perhaps decades, considering that lamprey
life history spans approximately 115 years.

2 OVERVIEW (FACIFIC LAMPRBATHINTHECOLUMBIA RIVER BASIN

Pacific Lampregxhibit a complex and lengthy life hisy, creating significant challenges to managers
working to restore diminishedbundance and distributiom the CB (Figure2-1). Pacific Lampregre a
native anadromous species that evolved hundreds of millions afsyeefore salmorPacific Lamprey
larvaerear in freshwater streamfor 5 to 9 years before transforming to thenigrant staggjuveniles)

akin to smdis, while migrating to the marmenvironmentAfter several years feeding in the ocean they
return to freshwater, sometimes residing for as long as 2 years before completingighation to

spawn and then dieAlthough more work is needed to better understand lamprenetics,Pacific
Lampreyappear to exhibit low genetic differentiation among regional stocks, and population structure
reflects a single broadly distributed population across much of the Pacifibwest Much has been
learned in recent years abotte life history for lanprey but significant gaps remaiA.general
summaryof the information onPacific Lampreljffe stages and primary potential factors affecting
viabilityis presented here

Birds and other fish feed  OCe@an-Going (Parasitic) Stage In the ocean, parasitic
n migrating lampreys, (1_3 Years ) lamprey j 108t fish
reducing predation on ; in turn, they're an easier anc

salmon <l i - . richer target than salmo
=c . t \ T , marine mammais
Larval Stage Spawning Stage
(4-10Years) (6-10 Months)
—— - I ] ‘
fr nd oth e Car f 3}

fe n lampre a AT import
significant source of food for birds, mammals

nutrients for the ecosystern and other fish

Figure2-1. Life cycle oPacificLamprey(lllustration by Mark GarrisqrHakai Magazine, July 13, 2015
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2.1 Oceanid.ife

Unlike salmonidsPacific Lampregre nearlypanmictic; theydo not appear to homed their natal
streams, and showery low levels of geographic genetic structuring @tial. 2008 Hatchand Whitaker
2009 Spice et al2012 Hess et al. 201 Hess et al. 2014JuvenilePacific Lampreliave been collected
off the Pacific Coast of North America from California to as far north as the Bsan(Sviridov et al.
2007; Orlowt al. 2008). During th&-4 years spentn marine habitats (reviewed i@lemens et al.
201@a), individual fish grow from-8 g outmigrantfMesa et al. 2012) to 16800 greturning adults
(Close et al. 20G8 Clemens 2011Racific Lampregre opportunidic feeders, but hosspecies include
PacificHakeMerluccius productysPacificCod GadusmacrocephalusWalleye Pollackheragra
chalcogrammaPacifitHalibut Hippoglossus stenolepigreenlandHalibut Reinhardtius hippoglossoides
PacificHerring Clupegpallasii and Pacific salmonid3ncorhynchus spfreviewed inMurauskas et al.
2013). Murauskas et al. (2013) found that annedlirnsof adult Pacific Lampregt Bonneville Dam on
the Columbia Rivewere most closelycorrelated with abundance indicesrfWalleyePollock, Pacific
Cod, ChinookalmonOncorhynchus tshawytschRacifidHerring, and Pacifitlake, andsuggested that
these indicesvere strongpredictors of adulPacific Lampregbundance. However, additional inktg
into the marine ecologpf Pacific Lampregre needed to better understand this critical life phase.

The physiological mechanisms that signal adults to cease feedingitiatd ifreshwater migration are

not well understood (oare unknown), but it has been suggested that trmjncide (Beamish 1980).

Researclon European lampreyisampetrafluviatilussuggested that freshwater discharge pulses might

functionto initiate migration (AbotSeedo and Potter 1979n the Columbia Riweestuary, returning

adults arepresent JanuarMarch,and are generally captured in pelagic iats (L. Weitkamp, NOAA,
personalcommunication), which suggests ocean maturation mighttiggered by physiological

condition (size or age) combined with environmertiaés associated witlvinter conditions(increasing

day length) Telemetry data frongea lampreyPetromyzon marinusuggest that returning adults use

both extensive and intensive searéiklds through the water column to locate river plumes with larval

pheromone concentrationsThey apparently usenhese pheromone cues to locate spawnlagations

(Meckley et al. 2014). Adults likely exploit tidal hydrology during upstream migratifacitiate

migration efficiencyonce they enter estuarine habita{Peterson Lewis 2009 lemenset al. (2013)

identified two different maturation types in the Willametie A @S NY | y W2 O®at shawrid  dzNA y 3
quickly after entering freshwater that made up ~40%™> 2 F | f f TFA & K YalGYaeBEASRTQ | Y R
type that holds for a year or longer prior to matugiard spawningGonadal maturatiomay therefore

beinitiated during thefreshwater transition, or may be delayed until the spring following freshwater

entry.

2.2  RunTiming

Most of the information about run timingvithin the QRBhas been inferred from passage ildies at

Columbia River mainstem dar{fSish Passage Center, www.fpc.org), Willamette F2dikgr at al. 2014)

and the Clackamas River (PGE 2011a). In the Clackamas River, fish ladder adult trapping begins in mid
June and continues through August, peakin late June and early July (PGE 20PHssage at

Willamette Falls (located at roughly the head of the tidal influence) appears to be somewhat earlier,
with peak counts occurring in June, but high numtsmsietimes recorded into Augusitogether with
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the Columbia River Estuary collection détéeitkamp et al. 208), this run timing information suggests
that adults spend multiple months in estuaries before moving into freshwater habitats.behavior is
similar to that observed for the European Rit@mpreylLampetra fluviatiligMoser et al. 2018).

Adult Pacific Lamprepassage at Bonnevilleam usually occurs between May and late August (Keefer et
al. 2013). Daily passage rates peak in July, but relatively high numbers may pass into September.
Moving up the river system,gak passage at McNary Dayanerallyoccursin late July, and peak
passage at each of the Snake River daakes place week lateywith the few that pass Lower Granite
Dam doingsoin late AugustMcllraith et al. 2015)Run timirg appears to be delayed in the Columbia
River upstream of McNary Dam relative to the Snake Riish Passage Center, www.fpcloigeak
passage is generally in mAdigustat Priest Rapids Darfate August aRock Islanddam,and what few
remain pass WedlDam into SeptembeFrom these data, it appears that most lamprey take about two
months to migrate upstream through the Columbia River systewerwintering of manyacific
Lampreyin the mainstem ColumbiBiver can prolong the period of migratiowWithin interior Columbia
River tributariesPacific Lampregre quite active and can migrate great distances during the spring
(Marchg July) after overwintering and prior to spawning (Lampman et al. 2017a). At some tributary
dams, such as Prosser Dam ba YYakima River, spring migration counts are typically higher than fall
migration counts.

2.3  Adult Passage

Pacific Lampreyeturning to theColumbiaRiver encounteseveralsubstantialanthropogenic migration
obstaclesncluding numerous mainstem dams on tBelumbia and Snake rivers and their tributaries.
These include large hydropower damstural obstacles that have been retrofitted for hydropower
generation andlow-head dams and irrigation diversiamdthough adultPacific Lamprekistorically
ascendedhe bedrock portion oVillamette Falls OR tagging studies have revealed thanhder current
conditions,the majority now pass through the fishwggndthat passage rateare generally lowranging
from 22-34%(Mesa et al. 201.0Clemens et al. 2012alavever, passage rates at other dams in the
Willamette System appear to be considerably higleeg.,> 80%at River Mill Danon the Clackamas
River;N. Ackerman, PGE, panalcommunication). The relatively low passage efficiency at Willamette
Fallshasbeen specifically targeted in management actions including the development of multiple
lampreyspecificpassage routes.

The Columbia River hydropower system has been well studied and numerous operational changes have
been implemented to aid lamprey passafoughly half the migrating lamprey in thewerColumbia
Riverthat attempt to passhe lower mainstem damare unsuccessful~50% at BonnevilleandJohn Day

dams ~65% afthe Dalles Bm; Moser et al. 2002a, 2002Keefer et al. 202a). Passage rates fo

individual passage attempts are substantially lower344oper attempt, Keefer et al. 2018. Dam

passage at McNary Dam ranged from&®%0, and more fish moved into the Columbia River rather than
the Snake River following passage (Keefer et al. 20P3lssage at Snake River dams ranged from 41

65% (Stevens et al. 201@assage efficiency at Midnd Upper Columbia and Snake ridemsis

generally highethanat Lower Columbia DamBassage &riest Rapids and Wanapum dams rashge
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from 60-75% in mosyears (Le et al. 2G), but withongoing fishway improvemenfsassage efficiency
has recentlypeen measured af0-75% [e et al. 2016).

At low-head dams ad diversionspassagesfficiencyhasrangedfrom 0-82%.In the Yakna River,

passage efficiency foive irrigation diversion dams ranged from 0% at Roza Dam to 75% at Wapato Dam
with a mean of 55% (Johnsen et al. 2011; Johnsen et al. 2013; Grote et al. 2014; Grote et al. 2016;
Lampman et al. 2016ahn the Umatilla River, passage efficiencies improvéer #fie implementation of

fish passagenmprovements! FGSNJ . 28 RQa 5AGSNEBA2Y ¢l & oNBIF OKSR:Z
while at Three Mile Falls, flow was augmented in 2007 and passage effirieregsed from 17% to

50%in 2008(Jackson and Moser 26). Two other diversions in the Umatilla River (d8gownell Dam

and Dillon Damare scheduled for removal in 202018 Despite these improvements, passage by

Pacific Lampregt irrigationdams andliversionsemainslow and the cumulative effects of niple

dams can result in low overall escapement into the upper reaches of spawning tribufad&son and
Moser(2013) estimated that out of every 100 lampreys that entetbd Umatilla Rivein 2005 and

2006 only twowould be able to pass the fourthach on theriver.

Passage efficiency for lamprisyin stark contrast to salmonid passage efficiency which generally
exceed95%at each project within the mainstenThroughout the numerous fishways in the CRB,
passage structure designs have several lirutet that impedeadult lamprey. At lower ColumbiaRiver
dams,passage efficiency wagnerally lowest during high dischargeertainfishway segmentsotably
the lower elevation fishways and the serpentine weir sectjovere especially problematic for lamprey
to pasg(Keefer et al. 2018). Areaswith high velocities and right angle verticttss were also likely to
impedelampreymigration (Keefer et al. 2010 general, passadey adults through mainsterdams
appeargo selectfor larger individual fish, which has been confirmed by radiotelemetry gametic
studies(Keefer et al. 200%dess et al. 2014).

2.4 Movement within the Columbia Riveand Tributaries

Movementof adult Pacific Lamprewithin the Willamette RiveEilbbasin has been extensively
described by Clemens (201And provides an excellent example of how lamprey complete their
freshwater migration Upstream migration by adult lamprey may be influenced by an unknown
combination of environmental variables (etgmperature and discharge) and chemical cues (e.g.
pheromones) (Moser et al. 20ap Following passage of Willamette Falls, migrating adults distributed
relatively evenly throughout theubbasin migration distance was unrelated to total length, and
individual fish traveled between 1.6 and 18.6 km:talhe timing of migration appeared to be
temperature dependent, with a cessation of migration when river temperatures exceed ~24°C (Clemens
et al. 2012b). Clemens et al. (2009) also found that wateptmature helped to trigger final maturation
of reproductive organs. Following initiation of these holding periods, most (~70%) migrating adults
overwintered in the mainstem Willamette River. Overwintering locations typically were in deep pools
with rock carer such as revetments and riprap areas (Clemens et al. 2Q#I2Ement resumed in the
spring to final spawning locationghese migration patterns atike those that have been observed in
other systems wittPacific Lampreyin the Smith River, in the &jon Coast Range, Starcevich et al.
(2013) found that fish moved primarily at night, initiated holding concomitantly with baseflow and
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maximum summer stream temperatures, and held in glides with boulder cover. Similar migration and
survival patterns havelso been observed in the North Umpqua River (Lampman 2011), and the
Deschutes River (Baker et al. 20I2)ring migrationlampreyare also subjected to predation by birds
(Roby et al2003) sturgeonand sedionsZalophus californianu@Vright et al. 204), but the population

level impacts of predation is probably negligitd Willamette Fallfacific Lamprepredation by sea

lions was estimated to be ~500 individuals (Wright et al. 2014), which is a very small fraction of the total
run available (~28,000 individuals; Baker et.&014).Sea lions also actively fish near Bonneville Dam,

but the impactson adult lamprey returngre currently not quantifiedJust the presence of predators

may deterPacific Lampregnigration and passage (Keefer et al128).

In the Columbia River system, adult lamprey appeantwe through reservoirs very quickly (i.e., up to
50 km/day Noyes et al. 2012However, passage through John Day Reservoir appear($ ¢0\84%9
compared tathe Bonneville and’heDalles poolgi.e., 60%Keefer et al 2018), and larger fish are more
likely to migrate farther upstream (Hess et al. 20R¥esumably, some fish initiate holding in mainstem
dams as wellthey are frequently not detected at subsequent dam structures (Keefer 204B8a)
Robinson and Bayer (2005) trackedcific Lamprein the John Day River, and found that individual fish
migrated 220.9 km-day (exclusively at nightholding was initiated coincident with high water
temperature and occurred in boulder covend movement resumed in the sprintyloser et al. (2013)
detectedindividualtemperaure effects on the rate of migration through reservoirs.

In the Snake River Basipstream of the four passable mainstem dams, adult lamgesyerallymoved
1-20km-day* (upto 35km-day'), movedprimarily at night and appeared to select for the Clearwater
River over other Snake River tributaries (Mcllraith et al. 2015). In this study, individual fish were
detected as high as the Lochsa and Selway Ragengell as much of thSalmorRver Sulbasin.Fish also
appeared to demonstrate ovewxinter holding, but movements generally resumed in February and
March with the farthest upstream detections occurring after this holding period (Mcllraith et al. 2015).
Despite the relativelynigh apparent survival and fast travel time through the system, it is estimated that
less thar5% of the orjinal run at Bonneville Dam migrates plst Harboror Priest Rapids dams

greatly limiting potential production in thepper Basir{Fish Passagéenter, www.fpc.or}y

2.5 Spawning

Following overwinter holding?acific Lampreyndergo a short migration to ultimate spawning locations
(Robinson and Bayer 200Starcevich et al. 2013). Spawning in tributaries to the Willamette River
usually takes place between mipril and June when water temperatureiiereasing 10-15°G and
discharge is decreasingnd can occur in a variety of stream sizes, and possibly mainstenrivers
(e.g.,Willamette RiverMayfield et al. 2014aSchultz et al. 2014a). Spawning surveys for steelhead
Oncorhynchus myki$sequently detectPacific Lampregedds in the Clackamas Riv#@&ibbasin and the
Oregon and Washington coagts. Bown, ODFW, unpublishathta), but surveys generalgndbefore
peakPacific Lampregctivity (Mayfield et al. 2014appawning surveys in the Umatilla River drainage
have been conducted in June and July (Ward et al. 2012), presumably bdtausas whenvater
temperature was suitablen those snowmelt dominated system&dults usually spawn ipairs or
aggregations of multiple individuals (Wyss et al. 2013) and utilize 1&zadk habitat features that are
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similar to those used by salmonids (e.g., padbuts, riffles, runs; Mayfield et al. 2014a). These

spawning habitat patterns have been observed in other river basins including the Smith River (Gunckel
et al. 2009) and Coquille River (Brumo et al. 200®)ers (i.e.Russel et alLl987)have alsaeported

Pacific Lampregpawning in lentic systems in British Columbbiat this appears to be relatively

uncommon in the published literature

Across the entire Willamett8ublasin, spawning adults tended to select areas composed of alluvial

underlying g@ology. However, within individual tributaries, habitat selection among types of underlying

geology was neutral (Mayfield et al. 2014a). These patterns sugge$Rdadic Lampregxhibit a
WLISNA2RAO 3ISYSNItAAGQ f AT P Underlying gebldgy alst iNflueh@dte o/ f SY
spatial distribution of redds; in areas with mostly alluvial underlying geology, redds were fairly evenly
distributed across survey segments (Mayfield et al. 2014a, 2014b). The clustering of redds is particularly
important in the context of designing surveys for monitoring spaw®iagific LampregMayfield et al.

2014b). Although redd counts can present data interpretation issues, work in the Willamette River

Sublasin and elsewhere has demonstrated the utility pdwning survey data (Brumo et al. 2009

Gunckel et al. 20QMayfield et al. 2014a, 2014€Vhitlock et al. 207).

2.6  Larvallife History

Eggs deposited during spawning remain in the gravel fak4l8ays before hatchingy amazaki et al.
2003;Lampman et ak016c). Large cobble substrates are believed to be important habitat for newly
emerged larval lamprey prior to drifting downstream to suitable burrowing sediments for-ttey@&ar
larval phase (Aronsuu and Virkkala 2013). Sampling in the Willamette igkitaiKFivers suggests that
larvae grow to 1280 mm in their first year (Wyss et al. 2013; Luke 2010), and seldom exceed 150 mm
prior to metamorphosis in these systems (Luke 2010; Jolley et al. 2012; Schultz et al. 2014a). In contrast,
larvalPacific Lampey frequently exceed 180 mm in the middignd upper CRB (R. Lampman, Yakama
Nation, persnal @mmunication) and up to 171 mm in tf8nake River Basj@ochnauer and Claire
2009).Pacific Lampregppear to initiate metamorphosis in milugust and appear to be fully
transformed within 24 weeks (Wyss et al. 2013), which has also been observed in the Frazer River
(Beamish 1980). Brook lampregmpetraspp. appear to transform later in the year thRacific

Lamprey(L. SchultzDSUunpublished data). Using a combination of existing age data (i.e., Meeuwig
and Bayer 2005) and length frequency distribution information, Schultz et al. (2014a) estimated that
larvalPacific Lampregurvival rates were vgrhigh (7481%) relative to other fish populations. However,
analyses were restricted to larvae >60 mm because suitable keys for smaller lamprey have not been
developed for use in the field (Goodman et al. 20Q8)valPacific Lampregre widespread throghout
wadeable habitats in the Willamett8ublasin (Schultz et al. 2014b), and larvae have also been detected
in the lower Willamette River near Portland (Jolley et al. 2008E of the primarfactors limiting the
distribution ofPacific Lamprein the CRBappears to be the presence of natural, and, particularly,
anthropogenic migration barrierd gzier et al2011; Jackson and Moser 2013chultz et al. 2014b).
Chemical barriers might also impede passage of &hadific Lampreyin some subbasinécros the
CRBlarvalPacific Lampreyare found in habitats typical of other lamprey species; catch rates were
highest in areas with accumulated deep, fine substrgfesgersen and Close 2Q®tone and Barndt

2005 Clemens et ak017). In particular, off bannel habitats (e.g., side channels, backwaters) contained
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10 to 40 times as many larvae as did pools and riffles, respectively (Schultz et al. 2afctb)ates and
site occupancy of larv@acific Lamprein the Willamette RiveBulbasin appears to bmuch higher
than other areas in theRBupstream of Bonneville Dag$chultz et al. 2014a)

Work in Idaho confirmed tha®acific Lamprefiave been extirpated from habitats above Dwimak Dam
on the North Fork Clearwater Rivatpng withall other anadromous fishes (Cochnauer and Claire
2009).Lampman et al. (2034ound relatively few larvdPacific Lampregn the Cededands of the
Yakama Nation and suggested that lampasyseverely depletedh the Yakna Riverespecially in the
upper portions of thesubbasin(prior to seeing the increased recruitment from adult translocation
efforts in 20142016) The extremely low countat Wells and Lower Gragidams (<560 annually in
many yearsjurther suggesthat few adult lamprey are enteriniipe upstream reaches of the CRB
(Cochnauer and Claire 2008akama Nation and GeoEngine2@4.2).Statler (2014) found that larval
lamprey in theSnake River Basivere collectedprimarilyfrom streams where translocations had
occurred andthe length frequencyof lamprey suggested abserce ofnaturalrecruitmentfor multiple
yearsin the early 2000s (Cochnauer and Claire 2088) all rivers in the interior RBare in this dire of
condition. For instancdPacific Lamprewere found up to 85t up the Selway and Lochgegers in
Idahoas recently as 201&JSFWSinpublished data supporting the hypothesis that the Clearwater
River is an important location for lampreag wassuggested by Mcllraith et al. (2015pwer in the CRB,
Pacific Lampnepopulations appear to beaintaining a more consistent presendearvae were present
in the lower portions of Hoo&ver andmost ofFifteenmile CreekThe distibution is expected to
expandin the Hood River with theecentremoval of Powerdale DagCTWER2014).

Stream dewatering due to hydropower and irrigation operations might be an important limiting factor
for Pacific Lamprelarvae throughout the CRB. Dewatering due to normal operation may leave suitable
habitats without waterand larvae that cannot move to watered habitats are likely to perish. Work in
BonnevilleReservoimodeled potential reservoir levels dghe inundation of interreservoir delta

habitats and found water levels thosehabitats could fluctuate up to 1.2 im a roughlyfive-hour

period (Mueller et al. 2015)Followup studies are currently being conducted to understand the
physiological implications of dewatering to individual fish, and the occurrence of larvae in habitats most
likely to be impacted by watdever fluctuationgLeidtke et al. 2015R. Meuller, PNNL, peysal
communication). Major damoperationissuege.g., dam repair needspn also quickly dewater reservoir
habitats and strand larval lamprey rearing in these habitatg.(Lampmar2011; Leet al. 205). Several
reservoirs in the CRB have utilized drawdowns in the fall to flush sediments and operate reservoirs
similarto natural hydrograph (e.g.,Keefer et al 2018). The implications of these drawdovgrto
lampreyhave not been evaluated thugh larval lamprey that are embedded in substrate may be
stranded in dewatered habitat.

Finally, larval and juvenile entrainment into irrigation canals can be an additional threat to lamprey.
Many fish are eventually lost in irrigation canals because whtlering of these otherwise suitable
habitats (Lampman et al. 20132014, 2015a, and 2016a). Screening of irrigation diversions can help
reduce the risk of entrainment to larvae and metamorphosed lamprey (Moser et al. 2015b); however
screening is not efictive for lamprey < 50 mm in length (Rose and Mesa 2012; Lampman et al. 2014).
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Due to the difficulty in preventing larval and juvenile lamprey from accessing habitat behind irrigation
canals, a variety of alternative, preventative measures are beingdeste

2.7  JuvenileOutmigration

Metamorphosed lampreys appear to utilize slightly different habitats than larvae, including slightly
faster water and larger substratéhis behaviorhas been observed iRacific LamprefWyss et al. 2012)

and Sealamprey(Gritsenko 1968, cited in Potter 1980). Outmigrants are believed to move primarily at
night and utilize spates and other high discharge events to facilitate downstream movement during the
late fall and winter (Beamish 198@an De Wetering 1998 00dmarand Reid2015, 2015b, 2015c,

2015d Mesa et al. 2016 Outmigrating lampreys are frequently caught in screw traps (Beamish 1980
Close et al. 2009%500dmarand Reid2015), and they are currently enumerated at several CRB
mainstem damsNlesa et al. 2015)ollections at Bonneville Dam indicate large winter (Janbaaych)
peaks in outmigrarg a slightly smaller spring peak (~JuRish Passage Center, www.fpc)ovgth
significantly fewefish seenin July and AugusiMoser et al. 2015aMetamorphosed lamreyshave

been collectedn the Columbia River Estuadrgm Januaryto March, commonlyin benthic habitats (L.
Weitkamp NOAApersonal communication), but entry into saltwater may exteridto June in other

areas (Frazer River, Beamish 1980&ts of Caspian terrSterna caspiand other seabirds have

included lampreys during June and July (Roby et al. 2003), so it is possible that some outmigrants either
spend a substantial amount of time in estuarine habitats or migrate periodically thratigi times of

the year.

Numerous anthropogenic factors can influence mortality, timargd migration efficiency dPacific
Lamprey Laboratory work has suggested that passage through dam turbirgsot be as harmful to
Pacific Lampregs other fishesprobably because they lack swim bladders (Colotelo et al. 28bRgh
lamprey are still susceptible to abrasion, indirect strike, and preddhtesa et al. 2015However
downstream migratinguvenilesand driftinglarvaeare susceptible to impingemeint water diversions
or turbinescreens and entrainment in diversion canglgoursund et al. 2001; Dauble et al. 2006
Moser et al. 205b). Laboratory experiments suggest that wire cloth screen materials are especially
likely to cause entrainment and imqgement, while perforated plate designs were most suitable for
preventingimpingement(Rose and Mesa 2012).

During downstream migration, metamorphosed lampreysoappear to be particularly vulnerable to
predators. In the Umpqua RivéBchultz et al. 207) estimated that ~600 smallmouth balskcropterus
dolomieuin a single pool consumed ~10,000 larval lampreytimoamonth period. Although their
estimates were based on large extrapolation, at a minimum these findings indicate the order of
magnitudeof predationthat this nonnativefish could have on larval and metamorphosed lamprey.
Smallmouth bassvalleyeSander vitreusand Northern FkeminnowPtychocheilus oregonengigative)
are prevalent in the Columbia River and prey on native fishes (Zimmet@®hFritts and Pearsons
2004). A laboratory study using native and frative predators from the Yakima Subbasin showeat t
Common Caryprinus carpioVhite Sturgeorcipenser transmontanu¥ ellow Bullheadmeiurus
natalis Smallmouth Bass, and Nbern Pikeminnow consumed the highest percaysof larval
lamprey (Arakawa and Lampman 201S9pme species, such as Smallmouth Bass and scolgitheat
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larval lamprey close to 100% of thewn body lengh as well as consume >25% of thetarting body

mass feeding onlgn lamprey Although predation was limited when fine sediment was present during

the shortterm study fwo days), bottom feeding predators, such as White Sturgeon and Common Carp,
were able to consume considerably more lamprey when thiesperiod was extended to four ga

(62% and 17%, respectively) (Arakawa and Lampman 28it7gugh no predation studies have been
conducted in the Willamette River, the recent increase in smallmouth bass populations in the Lower and
Middle Willamette Rier (S. Gregory and R. Wildm&sUunpublished data) may pose a threat to
outmigrants.Other areas nght also see increases in noativespecies due to climate change (see
Section2.9).

2.8 Contaminants

Pacific Lampregre in contactwith stream sediments throughout their ontogeny and sediment
contaminants have the potential to influence individual physiological processes and population
dynamics at multiple life history stagekheimplications of contemporary and legacy contaminamise
been demonstrated in several studies in the QRBvalPacific Lampregrew very poorly and exhibited
impaired burrowing performance in sediments collected from the Portland Harbor Superfund site
relative to native river sediments; in maogsesjndividual fish did noevenattempt to burrow into
contaminated sediments (Unrein et al. 201&)lley et al. (2012)onducted e&epwater electrofishing
surveys withirPortland Harbor Superfund sitsnd observedower occupacy rates of larval lampreys
there, relative to other benthic sites in the Willamette RiMgiisen et al. (2015creered Pacific
Lampreytissuesfrom throughout theCRBandobserved concentrations aontaminants (pesticides,
flame retardants, mercuryand DDT7that were high enough to bdetrimentalto individual organisms
Larval contaminant levels appeared to be particularly high in thenéakmatilla, and Pudding
(Willamette) riversukbasinsLinley et al. (208) analyzed mercury (Hg) concentratsowithin the fine
sediment and larval lamprey tissues and when compared with other species where Hg effects have been
well studied, the concentrations in larvae from Lower Columbia River tributary mouths suggest that
many of these fish may have experienaadi/or continue to experience lethal and slgthal adverse
effects from Hg that agstrain population recruitmentNumerous contaminants, iteding PCBs, have
been observed withimdult lampreycollectedat Willamette Fallend John Day Dafilsen et al2015.
Together these studies suggest that contaminants likely negatively infaaific Lampregnd might be
involved in the declineNilsen et al. 2016

Contaminants may also impair the pheromone perception of adéadific Lampreyin the CRBatrazine

is a commonly used pesticide in commercial timberlands and agricultural landscapés aamatable
surface wateccontaminant.Smith (2012jested the effects of environmentalselevant concentrations
of atrazine on the behavior of aduRacific Lampregnd found that these chemicals may alter
perceptions of larval pheromonesd may potentially disrupt migration behaviéiollowing this work,
Schultz et al. (2014lsuggested thatvater quality issues maynipede passage of adult lamprey into the
Tualatin RiverhecausePacific Lamprewere present in relatively low numbedgspitefavorablehabitat
conditionsfor spawning and rearingribal harvestershave voiced concerrever the potential health
implications of contaminant accumulations lvarvestedadult lamprey (Sheoships 2014).
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2.9 ClimateChange

Discussions about projected climate change effects on freshwater ecosystems have recently begun to
includePacific LampregCRITFC 2011), but the precise effeotthe species are unclear. Altered
hydrologic regimes in th&/illamette River Subbasare projected to include lower September

streamflow and higher incidence of spring floods (Jung and Chang 2012. Yakma River, existing
thermal barriersduring pek lamprey migrationmay be exasperateldy high spring and summer
temperatures R Lampman, Yakama Natiorergonal communicatioh In the midand upperCRB, most
climate projections predict that stream systems will switch from being snowmelt dominated systems to
rainwater dominated systems, with increased pressure for limited stream discharge (Panye et al. 2004).
Although the thermatolerance ofPacific Lampregdults or larvae is unknown, evidence from multiple
lampreys suggests that early ontogeny may be influenced by water temperaturamiteet al. (2006)
found that survival of larvdPacific Lamprewas significantly lower at2C than at lower rearing
temperatures, and increased abnormalities were observed with higreming temperature. Similarly,

Sea Bmprey hatch success and survival is negatively related to incubation temperature (Rodriguez
Mufioz et al. 2001), with a pregstous drop in posburrowing survival above 23°C. Elevated

temperature may also inhibit metamorphosis3alLamprey (Holmes and Youson 1997, 1998).

Although these studies indicate potential threats to larvae, climate change atadihfluence

phenologyof lamprey spawning, with spawning occurring earlier in warmer stream sysgsmsy

Mayfield et al. 2014aSchultz et al. 2014a). Adult lamprey frequently utilize the mainstem Willamette
River all summer (Clemens et al. 2012a) suggesting that mainstéen iwenperatures might not be a
substantial limiting factor for adults.

Increased water temperatures might not affect lamprey directly, but indirect effects of reduced
streamflow, increased concentration of contaminants, water withdrawal pressures, changearine
food web dynamics, and interactions with naative fishes might pose threats Racific Lampregt
multiple life history stages (CRITFC 2011). As stream discharge is reduced by diminishing natural
streamflow and the increased pressurem water withdrawask, larvae will be subjected to increasing
concentrations of stream contaminants (e.g., Littlewood 1992). Increased wittetrawalmay also

lead to entrainment and loss associated with water delivery systems (Moser et 8bh)20itroduced
fishes may cause impacts across increasing ecological scales including genetic, individual, population,
community, and ecosystem levels (Cucherousset and Olden 2011). The deleterious effectsnaftinen
fishes will likely be worsened with climate chanigecause habitat conditions will favor warmwater
species (e.g., smallmouth ba&harma et al. 2007). Finally, climate change will likely influence marine
productivity across multiple spatial scales and trophic levels, and changes in production mighiceflue
the marine life history stage ®facific Lamprege.g., Brander 200 Murauskas et al. 2013).

3 EXISTIN&EOLUMBIA RIVER BAGINIDING DOCUMENASD EFFORTF®R
PACIFIC LAMPREY

Avariety of existing documents and ongoing effaate aimed at restoring and conservilacific
Lampreywithin the CRB. The primary objectives of these efforts range from identifying threats and
critical uncertainties (CRBLTVZ@05), to ranking regionally evaluated threats throughout the range of
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Pacific Lamiey (Luzier et al. 201)] to providing guidance for regional lamprey restorati@R(TFC

2011), and to identifying needs and implementing actions for specific threats (USXSE2014.

During initial lamprey restoration efforts (192904) primary impedanents included lack of awareness,
understanding, and prioritization fd?acific Lampregleclines and restoration actions. Since 2004,

awareness oPacific Lampregeclines and their important cultural and ecological roles within the CRB

has improved signif O yif @ ® / dzZNNBy it ez | @FINASGe 2F (NRoSax
and public utility districts, throughout the range B&cific Lampreyhave an increasing, committed

interest in restoring and conserving lampré&ySFWS 2012)

3.1  1995,2004, and 2015 Columbia River Basibamprey Technical Working Group

As part of a 1995 NP@Ction, the ®RBLTW®as established to serve and guide coordination activities
for new and existing lamprey projects funded, or proposed dioding, throughthe Banneville Power
Administration BPA. In 2004, he purpose oftie CRBLTW®as modifiedo provide technical review,
guidance, and recommendations for activities related to lamprayseovation and restoratioas a
subcommittee of the Anadromous Fish Commnitiof the CBFWAheCRBLTW@&imed toaccomplish

this by:

1. ldentifying and prioritizing critical uncertaintiesgarding lamprey conservation.
2. Providing a forum for discussion redang lampreyrelated concerns.
3. Disseninating technical information.

In 2015, theCRBLTW®as reformed to work on rangavide lamprey issues as a component of the
LampreyConservatin Agreemen{Agreement; USFWS 201Zhenew Workgroupacts as an advisory

group to theAgreement (see Sectidhl13). It receives technical qudsinsand is assigned special topic
guestions such as monitoring and research guidance and assessing climate change impacts. The
Workgroupalso provides the &ioral Managementnits (RMUs;see Sectior3.6) with technical

support as requested. TA&orkgroupmay also respond to requests for technical input angdeztise

from outside entities.Subgroups within th&orkgroupwork on specific topics (e.g., dredging, passage
metrics tagging, engineering criteria, genetics, ocean phase, juvenile entrainment, critical uncertainties,
and climate changeand/or geography (RUs) when recessary to evaluate an issue.

3.2  1999¢ Restoration Plan foPacific Lamprey (Lampetraridentata) in the Umatilla
River, Oregon

In 1999 the CTUIRdeveloped a Restoration Plan Bacific Lamprey(ampetra tridentata in the
Umatilla River, OregofClose 1999)The goal of th€TUIRamprey plan wa$o restore the natural
production ofPacific Lampreyin the Umatilla Riveo selfsustaining and harvestable level$e CTUIR
lamprey planwasbased ora conceptual foundation that states that (1)@lUmatilla River is a natural,
cultural system, (2) lamprey productivity requires a network of complex interconnected habitats, (3)
plasticity in lamprey life history has allowed adaptation to diverse habitat conditions allowing for
evolutionary successnd (4) restoration of lampreys in the Umatilla River will depend on removal of
constraints within and outside of the Umatilla Rigutbasin.The goabf the CTUIR lamprey plavas to
be achievedy addressindour objectives (Close. 1999)
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Objective 1Edimate lamprey abundance before and afteut plantingadults in the Wnatilla
Rivetr

Objective 2: Increasiarval abundance in the Umatilla River.

Objective 3: Determine reproductive success of adult outplants.

Objective 4: Estimate adult lamprey abundamtéhe Columbia River at the John Day Dam.
Objective 5: Assess artificial propagation ushagific Lampresy

3.3 2004 and 200& Lamprey Summit$and Il

The first Lamprey Summité. Lamprey Summit I) was held in 2004 to provide a forum for Tribal, State,
and Federal executives, managers, and biologists to discuss the main threats to lamprey and to begin to
explore how best to address these threats and build momentaward longterm restoration.Lamprey
Summitl brought executives and agency heads togetto discuss the various actiotizat needed tobe
completed including prioriation of conservation actionsamprey Summit | also provided an

opportunity to celebratePacific Lampregnd their value to the Tribes. Building on the Lamprey Summit |
and sulsequent actions basinwide, Lamprey Summit 1l (2008) was characterized | famtationof
components othe Gv L ¢ @raftX &balPacific LampreRestoration Pla. The draft TPLRBentified

specific actions in which the tribes sought regional parthigrs funding, and commitmentskamprey
{dzYYAG LL o6Fa&a | aGNRyaSNIOFtft F2NIFOlAz2ya 6KAOK ¢
and its member tribes calling for spéecifecovery measures and goals.

3.4  2005¢ Critical Uncertainties for Laprey in the Columbia River BasinResults
from a Strategic Planningd®reat of the ColumbiaRiver Lampreyrechnical
Workgroup

The purpose ofhe Critical Uncertainties for Lamprey in t@elumbia River Bas{€ritical Uncertainties
CRBLTWG 20p&ocumentwasto report the results of a process used by tHRELTW® determine

and prioritize the critical uncertainties f@RB lamprey specie€the Critical Uncertaintiedocument
describal the methods usedo generate and prioritize kst of critical uncertatiesfor lampreyand

provides recommendations forolw the results should be used. Thdscument wasntended to guide
lamprey conservation, management, research, &mttling decisions in the CREheCRBLTW@rovided
technical recommendations regardiniget information and actions needed to conserve CRB lamprey in a
prioritized and onsistent manneand supportedusing he methods described within the Critical
Uncertaintiesdocumentto prioritize any new actions in the CRB

TheCRBLTW@O005)generated gorioritized listof critical uncertaintiegor anadromoudamprey
speciesPacific LampregndRiver Lampreyampetra ayresji TheCRBLTW&orted prioritized lists of
critical uncetainties by ther expected biological benefit arrélied on best pofessional judgment of
participantsto place uncertainties into four priority categorideaminent, Highly Important, Important,
and NeededTable3-1
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Table3-1).
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Table3-1. Prioritized critical uncertainties for anadromous lamprey in the CRB.

1 LampreyStatus Imminent
2 Passage Imminent
3 Population Delineation Highly Important
4 Limiting Factor Analysis Highly Important
5 Restoration Activities Important
6 Biology/Ecology Important
7 Population Dynamics (Predictive Analyses Needed

3.5 2006 and2009¢ Mid-Columba Public Utility DistrictPacific Lampreyanagement
Plans

The GranCounty(Grant PUD), Chela&@ounty(Chelan PUD), and Dougfasunty (Douglas PUBublic
Utility Districts own and operate fiiaydroelectric dams on the Columbia Riy@rant PULZ Wanapum

and PriesRapids Chelan PUR Rock Island and Rocky Reach; Wells @Wlls). In accordance with
Federal Energy Regulatory Commission (FERC) licensing and 401 Water Quality Certification (WQC)
requirements for these projects, the P\ are required to develop and implement, in consultation with
various stakeholders and partnet$ieir respectivePacific Lampreianagement Rans (PLMPSs).

The goal of the Grant PUD PLMP (Grant PUD 2009) is to identify ongoing-rtajectimpacts on

Pacific Lampreyimplement reasonable and feasible measureseaduce or eliminate such impactsnd
implement onsite or offsite measures to address unavoidable impacts in an effort to achieve No Net
Impact(NNI).Objectives of the Grant PUD PLMP incl{d@No Net Impact (NN{)dentify, address, and

fully mitigate Project effects to the extent reasonable and feasible, (2) Provide safe, effective, and timely
volitional passage for adult upstream and downstream migration, (3) Provide safe, effectianalyd
volitional passage for juvenile downstream migration, and (4) Avoid and mitigate Project impacts on
rearing habitat.The annuaPacific Lamprey Management Plan Comprehensive Annual Report describes
updated Pacific lamprey passage, behavioral, amdigal investigations and measures undertaken in

the (RB(Le et al. 2017, Table@ncluded here as Appendiy.A

The goal of the Chelan PUD PLMP (Chelan PUD 2@9fyavide safe, timely, and effective passage for
adult and juvenildPacific Lampreyand where unavoidable Project impacts are measured, then provide
appropriate and reasonable Protection, Mitigation, and Enhancement measures (PMESs) that achieve an
overall No Netrhpact (NNI) on this populatio®bjectives of the Chelan PUD PLAM® toaddress(1)

potential ongoing Project impacts on upstream passage of &hdific Lamprey2) potential ongoing

Project impacts on downstream passage of juvelRdeific Lamprey(3) potential ongoing Project

impacts on the existing reservoir habitat used currently by juvddleific Lampreyand (4) any

unavoidable impacts by identifying and implementing measures to achieve No Net Impact (NNI).

The goal of the Douglas PUD PL{@Buglas PUD 2009) is to implement measures to monitor and
address impacts, if any, éacific Lampreg [  YLISGNI GNARSyYy Gl G0 NB&adz GAy3
Projects. Objectives of the Douglas PUD PLMP are to (1) Identify and address any adverse Project
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related impacts on passage of adBHcific Lamprey2) Identify and address any Projeetated impacts
on downstream passage and survival and rearing of juv@aitfic Lampregnd (3) Participate in the
development of regionaPacific Lampregonservaion activities.

3.6  2007¢ U.S Ash andWildlife ServicePacific Lampreyonservation Initiative

ThePacific LampreZonservation Initiativélnitiative)is the Y C 2 dqtr&egy to improve the status of
Pacific Lamprethroughout their range by helping implemeresearch and conservation actiornghe
Pacific Lamprewas historically widespread along the West Coast of the United States but populations
have declined in abundance and become restricted in distribution throughout California, Oregon,
Washingon, andldaho. Threats t&acific Lampregccur in much of the range of the species and
include restricted mainstem and tributary passage, reduced flows and dewatering of streams, stream
and floodplain degradation, degraded water quality, and changing marinelanate conditions. fie
USFW$s working collaboratively wittribes and Federal, State, and local agentiesonserve and
restorePacific Lampreto achieve long term persistence and support traditional tribal cultural use. The
three components of the Itiative are thePacific Lamprepssessment and Template for Conservation
MeasureqLuzier et al. 202, Goodman and Reid 2012), tmnservation Agreement f&acific Lamprey

in the States of Alaska, Oregon, Idaho, and Califgifst-WS 2012), aikegionalmplementation Plans
for Pacific LamprelgMUs (https://www.fws.gov/pacificlamprey/PlansMainpage.cfm

3.7 2008¢ Columbia Basin Fish Accords

The Columbia Basin Fish Accords (Accords) were signed BYtH&, CTWSR, ColvilleTribe, the
CRITFC and thénited States represented by the Bureau of Reclamgfectlamation)the Army Corps
of EngineergUSACEINd theBPAIn May of 2008The Accordsare a series gbolicy and legal
agreements in whichhie tribal govenments andhe CRITFC agreed notlitigate against hydropower
and river opeations conditions for a decadi return, the federal government committed funding to
high priority tribal fish recovery and habitat restoration projetttat included harvest, passage,
production, habita, lamprey, ad infrastructure and outreachrojects The Accords require adaptive
management for dam operations to meet survivalgpassage needs of salmon. Specific to lamprey,
Accordprojects seek to halt the decline of tiRacific Lampreywith the longerterm goalof restoration
to levels supportive of their unigue cultural and ecosystem values.

3.8 2009¢ U.S Army Corps of EngineersPassage ImprovemestimplementationPlan
20082018

TheUSACPacific Lamprelassage Improvements Implementation Plan: 22088(Passage
Improvement PlanUSACE 2008)as developed as part tiie Accords. The Accords required
collaboration with the tribes and USFWS to develop-gdd#r planjncluded a funding commitment of
approximately $50 million ovehe ten-yearperiod, and identified specific actions to be considered to
improve lamprey passage and survival. The goaltwvakevelop a 16/ear lamprey plato improve adult
and juvenile passage and survival through the Faldéolumbia River Power Systempachieved
through adgtive management strategies, scientific research, adult and juvenile monitoring, and
modifications at hydropowefacilities to improve passage. Further, tRassage Improvement Plan
aimedto quickly and substantially contribute towards rebuilding depregssglilations to sustainable,
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harvestable levelshroughout their historic rangelhe Rissage Improvement Plan includad

preliminary prioritization approach based on two factors: (1) where passage efficiency is the poorest,
and (2) where the affected numbe of Pacific Lampregre the highestimprovements at Bonneville,

John Day, and McNary dams were congédethe highest prioritiesAlthough no specific performance
targets or goals for lamprey passage currently exist, the USACE is working to imprege @astams

by at least 10% through operatiorahd structural modificationsThe plan was updated in 20{dSACE
2014)to reflect lessons learned and project actions to be completed by the end of the Accords period
(2018).

3.9 2011¢ Pacific LampreyEntospheus tridentatus)Assessment and Template for
Conservation Measures

ThePacific Lamprepssessment and Template for Conservation Measures (Assessieeatdpped by

the USFWS (Luzier et al. 20Gbodman and Reid 201@)entifies critical uncertainties regardifacific
Lampreylife history and improves the scientific understanding regardingniq@rtance ofPacific

Lamprey The Assessment tracks the current knowledglagific Lampreliabitat requirements,
abundanceand historic and current distribution; describes threats and factors for decline; and identifies
conservation actions anegsearch, monitoring, and evaluatioeeds. Thé a & S & aapBoAch & #o

be inclusive of other conservation measures with the otdyecof yielding coordinated efforts

throughout the range oPacific LampreyThe Assessment notes that needed actions r@seéarch

identified in the PLRRre applicable throughout the Columbia and Snake River regidws.
Assessmentecognizes and isidusive of efforts such as the Critical Uncertaindesument(CRBLTWG
2005), which included a recommendation to develop, implement, and monitor reintroduction methods
(e.g., transplantation, hatchery production).

3.10 2011¢ TribalPacific Lampreyestoration Plan for theColumbia River Basin

The Columbia River Treaty Tribes developed ®eRRor the restoration ofPacific Lamprein the CRB
G2 ydzyoSNE | RSljdzr S T2 N (baSultda use\ (ERITEC OB TRRPASO |-
a comprehensive plan andstoration gudle containingestorationgoalsand objectivescultural

context, lamprey life history, abundance and status, critical uncertaintiesimitchg factors,and

prioritized project actionsThe tribes believe aggressiaction must be taken now, despite information

I LA Fo2dzi  (igtdy addlpshddtich aydanmiicEhe Goalof the TPLRR to immediately
halt the decline oPacific Lampregnd ultimately restore them throughout their historic range in
numbers that provide for ecological integrity and sustainablgairharvestThe objectives of th&@ PLRP
include improving lamprey mainstem passage, survival and habitat (Objective 1), ingpdbutary
passage and identify, protect, and restore tributary habitat (Objective 2), supplementing/augmenting
interior lamprey populations by reintroduction and translocation of adults and juveniles into areas
where they are severely depressed or gpdited (Objective 3), evaluating and reducing contaminant
accumulation and improving water quality for lamprey in all life stages (Objective 4), and establishing
and implementing a coordinated regional lamprey outreach and education program within tloaregi
(Objective 5)

24

KS



The PLRHRs a collaborative effort between theRTTF@nd its member tribes. The TPLRP addresses
lamprey issues at theRBscale, generally focused on the mainstem Columbia and Willamigtes and

the issues affecting lamprey at theleations. Included in the TPLRP are Tribal Ceded Area Action Plans
that were designed to (1) summarize proposed lamprey actions by CRITFC member tribes and (2) link
CRITFC member tribe lamprey projects in the tributaries with mainstem actions (e.gaadutg at
Bonneville Dam with tributary entrance at Fifteenmile Creek).

3.11 2012¢ Assessment of U.S. Bureau of Reclamation Projects inGbimbia River
Basin Effects onPacific LampreyLampetra tridentata)and Reclamation Lamprey
Plan

In the Accords Redamation agreed to (1¢onduct a study, in consultation with the Tribes, to identify all
Reclamation projects in the ColunalBasin that may affect lamprey as well as (2) jointly develop a
lamprey implementation plan for Reclamation projects as informethbyl® Accord commitment, the
tribal draft restoration plan, and other available information.

The Assessment of U.S. Bureau of Reclamation Projects @otbimbia River Basi&ffects orPacific
Lamprey(Lampetra tridentatd (USBR 2012JSBRAssessmentdocuments thectivitiesundertaken to

satisfy the ¥ Accord commitmentTheUSBRAssessmenprovided the basito inform the development

of the 2'¢ Accordcommitmentg Lamprey Implementation Plan for Reclamation PetggReclamation

Lamprey PlanTheUSBR 44 SaaYSyid asSN®BSa G2 R20dzySyid wSOf Yl GA
CRBthat may affectPacific Lampreywith a focus on the Yakima and Umatdlgtbasing which is

accomplished by tables summarizing all dams and diversions in these basiglé @&s wcommendations

for either further study or actions that may be takenaddresseffects onPacific Lamprein these

subbasins.

The Reclamation Lamprey PIQSBR 20)2utlinesa collaborative strategy with the CTUIR, ¥g and

other partners toimplement recommendations from thdSBRAssessment for further study or actions

that may be taken to redgce effects tdPacific Lampreyrurther studies, as described in tiRacific
Lamprey2011 Annual RepodndReclamation Lamprey PI§dSBR 20)2arein progress to better
understand the effects of Reclamation projects on lamprey. As these studies increase knowledge of
Pacific Lamprein and around lowhead dams and diversions in the Yakima and Umatilla Rp@jects

have been implemented, monitorednd adapted to address effects, and studies are refined to continue
to meet objectives. Study and implementation plans are updated through collaboration with partners as
described in the Reclamation Lamprey Plan (USBR 2012) and documented ircpgriagis (USBR
2013,2016).

3.12 2012¢ Lamprey Summit IlI

Recognizing the cultural significanof lamprey to the tribestheir biological significance to the river
systems of the West Coast, and the continued declines in numbers and distribufacitit Lamprey
throughout their entire geographic range, the CRITFC and 8t eAl8o-sponsored Lamprey Summit 11|
to solidify regional andange widecommitments to lamprey conservation actions. Lamprey Summit |11
consisted of a broad overview Bhacific Lampregonservation from a policy, management and scientific
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perspective as well as the development of strategies for implementing lamprey conservation actions at
the regional levelTheConservation Agreement fétacific Lamprein the States of Alaska, Oregon,

Idaho, and Californi@USFWS 2012; see Sect®h3d was signed by many tribes, states and agenaies
Lamprey Summit Ll

3.13 2012¢ Conservation Agreement foPacific LampreyEntosphenugridentatus) in
the States of Alaska, Oregon, Idaho, a@alifornia

TheConservatiorAgreement (USFWS 2012) is a voluntary commitment by interested pagigeed by

11 tribal and 24 nottribal groupsg to collaborate on efforts that reduce or eliminate threatsRacific
Lampreyto the greatest extent possibl The goal of the Agreement is to achieve ldagn persistence

of Pacific Lampregnd support traditional tribal cultural use Bfacific Lamprethroughout their

historical range in the Unite&tates. The intent of the parties is to achieve this goahbintaining

viable populations in areas where they exist currently, restoring populations where they are extirpated
or at risk of extirpation, and doing so in a manner that addresses the importance of lamprey to tribal
peoples. The Agreement parties eneisia future where threats t®acific Lampregre reduced, historic
geographic range and ecological role areestablished and traditional tribal harvest and cultural
practices are restoredlhe Agreement provides a mechanismifterested parties to cadlborate and

pool available resources to expeditiously and effectively implement conservation actions. Cooperative
efforts through the Agreement intend to: a) develop regional implementation plRhBsHerived from
existing information and plans; b) imphent conservation actions; c) promote scientific research; and d)
monitor and evaluate the effectiveness of those actidDbjectives of theAgreementinclude: 1)
EvaluatingPacific Lampregopulation substructure; 2) identifying global issues that aredating

Pacific Lamprey3) develojng and implemening public outreach; 4) contiringto build and maintain

data sharing; 5)dentifying and characterizinBacific Lamprefor the RMUs6)identifying, securing and
enhancing watershed conditions containecthe RMUsand 7) restang Pacific Lampregf the RMUs.

3.14 2014c¢ Pacific Lampreyassage Improvements Implementation Plan: 2098018
(2014 Revision)

An updated version of the Passage Improvement Rlameloped by the USACE and its partners to
improve bmprey passage within the mainstem environmemas finalizedn December 2014USACE
2014).The updatencludes specific revisions to the Passage Improvement RIEBACE 2008)ven a

better understanding ofamprey life history antK S ! { ! / 9 Qriplemént\phssage ( 2
improvementsFrom 2009 through 2012, the primary focus of USACE lamprey passage efforts was on
design, construction, and initial evaluations of relatively leggale adulfishway entrance
modifications.Based on lessons learned anagress made since 200®e USACE propoddo continue

a prioritized strategy (e.g. whepassage effectiveness is poorest amdere the potential for adverse
effects on lamprey are the highgstvith a few notable diversions that can be summarized asvidl

1. Increased focus on addressing adult lamprey passage bottlenecks in fishway sections that are
upstream of entrances (i.e. transition pools, serpentine weirs).-Rostevaluation of historic
telemetry data suggests this will enhance likelihood of imvprg overall dam passage efficiency
and conversion to upriver dams (Keefer et al. 2413
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2. Based on success of Bonneville Daascades Island Ladder entranampreyPassage
Sructure and preliminary success athn DayNorth Ladder, and apparent benigffects on
salmonids, install similar systems elsewhere at ladder bottlenecks (Corbett et al. 2013).

3. Accelerate implementation of smadtale modificabns at Lower Columbia dams (Bonneyille
The Dalles, and John Day

4. Consider alternative approaches tdanm management decisions regarding juvenile lamprey
passage improvements, other than the current strategy of developing juvenile lamprey acoustic
transmitter. Managers should consider technological feasibility, schedule, cost, and ESA
obligations.

Given he ongoing need to improve aduacific Lamprepassage, the USACE intemal generally
prioritize adult lamprey passage efforts over juvenile lamprey efforts until appropriate tools are
developed for evalating juvenile lamprey passage. In doing thig, HlSACEssumethat restoring
migration corridors for adult lamprey is the critical first steps was the case with salmon restoration
efforts in the basirg in restoringPacific Lamprein the GRB.

3.15 2014¢ Columbia Basin Fish and Wildlife Program

The NPCC, as directed by the Northwest Power Act, develtipetd N2 I NJ ¥ (2 AGaLINRGSOGZ Y
enhance fish and wildlife, including related spawning grounds and habitat, on the Columbia River and its
GNROdziF NAS&a X | F¥FSOGSR 0 manapéntent 6f i@®éle2tlidpdjgets]vhild LIS NI
FaadaNAYy3d GKS tFOAFAO b2NIKgSald +y FRSljda G6Sz SFFAO
Program includes a set of strategies that provide specific guidance for topicsdtiesspolicy needs.

Theseconsist of guidance for anadromous fish mitigation in blocked areas, wildlife mitigation, resident

fish mitigation, sturgeon, and lampreyhe Program wasevised in 2014 with addeguidance on

implementing actions that result in increased abundance amdigal forPacific Lampreyincluding

habitat actions, dam operations and passage, monitoring populations, and research to improve

understanding of how the development and operation of the Federal Columbia River Power System

affects migration success, suwval and growth of lamprey.

Within the 2014 Program revision, the NPCC recoguiad suppors efforts to restorePacific Lamprey
consistent with The Trib&acific LamprefRestoration Plan for th€olumbia River Basand The
Agreement.Guiding principles ahe 2014 revision include (1) juvenile and adult lamprey should be able
to safely pass dams in the basin, (2) the population size, distribution, and other limiting factors for
lamprey related to the hydropower system need improved ersanding, and (3) lamprey throughout
their historic range should be satistaining and harvestable.

3.16 2015¢ Regional Implementation Plans fd?acific LampreyRegional Management
Units

Through theAgreement, conservation aims be advanced by the develognt of RIPghat will
prioritize implementation of conservation actions and evaluate action effectivenesRPbeill build
upon existing restoration plans that include conservation actions suahe@difying fish ladders and
entranceways at dams, caingcting lamprey passage structures at tributary barriers, restoringplay
habitat, and considerintamprey durirg in-stream work. However, gaps in addressitigeatsto Pacific
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Lampreyremain.The RIPs will identify additional conservation actions ndeatehe watershed scale to
address threats and issues identified by local experts.

Regional Management Urgtoups develop &Pthat includes a list of prioritized actions an@&-year
implementationstrategy. TheRIPSconsistof project spreadsheetfor each &' Fieldhydrologic unit code
(HUC) or watershed in theMRJ and a summary of how the actions and research needs in the
spreadsheetswill address overaRMU threats.Each RPidentifies: 1) threats that affect lamprey; 2)
existing restoration andonservation efforts; 3) conservation actions and research needs to address
those threats; 4) high priority projects; and 5) potential funding for high priority projects in thit. R
TheRMU project summariesspreadsheets contain actions and researclegatized by threat for each
HUC Efforts are made to include additional information including scope, benefit, feasibility, partner
participation, cost, implementing entity, and potential funding source for each need.

3.17 2017 ¢ Conservation Challenges and Research Need$amific Lampreyn the
Columbia River Basin

In October 2013expets from throughout the range dPacific Lampregnet to identifyemerging links
and unknowns in the biology, research and management of leggpof the West Coast of North
America This was accomplishdxy utilizing four facilitated working groups that focused on evolution
and dispersal, ocean biology, freshwater biology, and pas3édgeworkshop generatedpublication
(Clemens et al. 20) That provided an upto-date summanyof tribal, federal, and local plans for
managing, conserving, and restoriRgcific Lamprein the CRB (2) synthesiz¢important and current
limiting factors, and (3) identifienportant research, monitoring, and evaluation needs of lamprey in
freshwater.Limiting factorsn freshwater were identified as barriers to passage (@agns, culverts, and
screens)habitat, dredging and excavation, dewatering, perturbations to wateargity andquality, lack
of awarenessand established protocals

Clemens et al. (20) effectively summarized and updated critical uncertaintiesd®Band West Coast
Pacific Lamprein which key research neeglgere identified ascollecting accurate ashfine-scale
knowledge of distribution and occupan®stimating relative abundance and estimating survataach
life stage, assessitigniting factors and the effectiveness afeative and applied solutionand
characterizing genetic population struce(s) of the specie€lemens et al. (20) identifies six
conservation and restoration actions that can greatly berditific Lampregs (1) removing passage
barriers or providing adequate passage Racific Lamprey2) modifying diversion screensdafacilities

to deter impingement and entrainment of larval and juvenile lamprey, (3) restoring and managing river
habitats to promote the dynamic equilibria of natural, frBewing river ecosystems, (4) minimizing
losses due to dredging and dewatering) €ducating citizens about the importance of lamprey, and (6)
implementing best management practices to incldadmprey in planning and implementation for
instream work.
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PROGRAMRUNDED PROJECTS

4.1  Summary Tables

ThelSAB2012)recommendedhat the Synopsis be revisetb include tabular summaries lgpic.
Below is a series of tables that summarzegram fundedribal lampreyprojects within the CRBover
the past20years. The tables includeevensubject headingthat are defined specifically below.

9 Ciritical Uncertainty, A description of which critical uncertainty (or uncertainties) are being (or
were) addressed per the definitions definedGRBLTW@O005); see Sectio®.4. The critical
uncertainties identified withirCRBLTW@005 were Lamprey Status, Biology/Ecology,
Population Delineation, Passage, Population Dynamics, Limiting Factor Analyfesaoration
Activities.

9 Threatg A description of whiclthreats are being or were addressed by this project per the

definitions defined in Luzier et al. (2011); see Sec3i@The threats identified within Luzier et

al. (2011) were Passage, Dewatering and Flow Management, Stream and Floodplain

Degradation, Water Quality, Harvest/Overutilization, Predation, Disease, Small Effective

Population Size, Lack of AwareseOcean Conditions, Climate Change, and Other.

Project Name/Titleand Number(BPA or USBR project number)

Duration¢ Estimated project duration byalendaryear.

Geographic Areg Approximatelocation of the project by & FieldHydraulicUnit Code.

General ConclusiorisModified summary of general conclusions originating from the specific

project or project objectives.

1 Referenceg, Citation of relevant documents (project reports and/or peer reviewed journal
articles) found in the Reference list (s@ection7). When possible, citations are diretrtdsto
electronic copies.

= =4 =4 =

4.1.1 Yakama Natio.amprey Projects

The longterm goal of the YN is to restore natural pration of Pacific Lampreto a level that will

provide robust species abundance, significant ecological contributions and meaningful harvest
throughout the Yakama Nations Ceded Lands and in the Usual and Accustomed areas. The purpose of
the Yakama NatioRacific LampreyProject (YNPLP), developed through the Yakama Nation Ceded Lands
Lamprey Evaluation and Restoration project (2Ad800), is to restore natural production &facific
Lampreyin the Yakama Nation Ced Lands, specifically, the Viaki, Wenatclkee, Entiat, Methow,

Klickitat, White Salmon, Little White Salmon, Wind, and Rock Creek subbasins. The stated objectives of
this project are to (1) collect and report critical information to evaluate status, trends and other

biologial characteristics, (2pentify known and potential limiting factors f&acific Lamprewithin

Columbia River tributaries, and (3) develop, implement and evaluate the effeeecdic Lamprey

restoration actions within the Yakama Nation Ceded Lands. To accomplish these objectives, the YNPLP

aThe 2016 Pacific Lamprey Management Plan Comprehensive Annual Report, completed annually by Grant PUD, in accordance
to their PLMP (Section 3.5), describes updated Pacific lamprey passage, behavioral, and survival investigations and measures
undertaken inthe Columbia River basih€ et al2017, Table 5 Included here as Appendiy.A
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has focused activities on five broad themes including, (1) providing regional leadership in promoting
lamprey restoration and awareness, (2) implementiegtroduction and supplementation projects, (3)
supporting development and management actions associated with adult and juvenile productivity, (4)
exploring critical uncertainties that are known or likely to limit productivity, and (5) actively pursuing a
strong outreach and education program.

Since initiation in 2008, théNPLP has gained a better understanding of program developnent
prioritizing action plans. In particulahe YNPLMPas worked to reestablish and supplement lamprey in
Ceded Area tribtaries through adult translocation (>3,000 adults between 20027 in Yakima,
Wenatchee, and Methow), developed the best management practices and protocols for the artificial
propagation ofPacific Lampreyobtained a b#er understanding of adult, larvaindjuvenile passage
issues andolutions in various subbasinstudied and assessed larval/juvenile entrainmestié&s
completed extensive status, trend, and exploratory surveys for larval and juvenile lampregtembl|
extensive genetics data dPacfic Lampreyand Lampetraspecies developed and enhanced larval
lamprey identification guides and tagging methods, and ldithed a strondPacific Lampregutreach

and education program through various actiest Table4-1):

1) Improve mainstem adult lamprey passage whigh be critical to allowing migration
throughout theCRB in particular to upstream locations;

2) Improve passage within the trilbary environment which will continue to allow limiting
factors to be identified;

3) Develop and improve alternative passage routes and strategies, such as adult translocation,
to maintain the presence of lamprey in upstream locations while maindireiting factors
are being developed;

4) Continue to understand primary limiting factors at the local level which requires the
presence of lamprey;

5) Develop, improve, and implement supplementation and restoration research activities such
as artificial popagation and aquaculture to determine if feasible for future use;

6) Strengthen lamprey outreach and education at the local, regional, and national levels;

7 Continue to identify, evaluate, and monitor status, trends, and distribution of lamprey
within the upper reaches of their historic distribution.
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Table4-1. Summay of Program funded and other lamprey projectonducted by the Yakama Nation

Critical

Uncertainty

Threat

Project NamgNumber)

Duration

Geographic
Area

General Conclusions

References

Pacific Lamprey vs. Western
Brook (or River) Lamprey

1) The new identification guide displays the

differences in tail features between Pacific Lampre|
and Western Brook Lamprey larvae (1 and a 2 pag
versions). A collection of close up photos that shov|
the lamprey tail for Pacific Lamprey and Western

Lampman et al.
2014a
(Appendices K2,
K3)

B R LEER O AIETETESS Larvae Identification Guides A, AU | T 21 ST Brook lamprey sorted by sizes were summarized irf Lampman et al.
(2008470-00) another document. Lastly, a Western River Lampr¢ 2015a
was found in Lower Yakima River and identifying | (Appendices G1,
features were shown and listed in another G2)
document.
1) Documents the hypotheticatonitoring of
. . . lamprey in the upper Yakima River basin to detect
Yakima River Species N L :
. . ; ) Upper Yakima; | potential impacts from hatchery supplementation. | Pearsons et al.
Biology/Ecology Predation Interaction Studies 2002 ki 2) The release of larae numbers of hatchery raised 2003
(199506325) Lower Yakima | 2) 9 . ry 09
salmon are suspected to have benign effects on
lamprey abundance.
1) Specially designed lamprey traps (PVC tube an(
bicycle wheel traps) were set in Lower Yakima Riv{
Small Effective Trapping Adult Pacific Lampre confluence with the Cambia River between August
Biology/Ecology Population Size in the Yakima River 2012 Lower Yakima | 9 and 29, 2012. No lamprey were collected during | Hoffarth 2013
(2008470-00) this period.
2) Trapping below Horn Rapids and Prosser dams
recommended in the future.
1) In 2014we evaluated retention rates of adult
lamprey carcasses in a stream channel. The carca|
placed in the channel margins remained in place a
highe rate in the shortterm but were detected less
frequently in the longerm compared to those
placed in the middle of the channel, indicating
potential predation by mammalian species.
2) In 2015, we assessed the effects of spawning | Lampman et al.
The Role of Pacifiamprey in lamprey through a) theise of a mechanisthased 2016a (Appendix
. Small Effective . . . Lower Yakima; | model of stream primary production in response to| G6, G7)
Biology/Ecology Yakima River Tributary Food 20142016

Population Size

Webs (2008470-00)

Upper Yakima

simulated lamprey spawning; b) an experiment to
assess juvenile salmonid growth in response to
artificially added lamprey carcass material; and c) {
observational study of postpavn carcass fate of
adult lamprey translocated into a tributary of the
lower Yakima River. We found evidence that
lamprey-derived nutrient subsidies may play a
significant role in reaclscale primary production
under certain conditions and that under all

coy RAlAzya GKS& YlL& NBLM

Lampman et al.
2017a

(Appendix L4)
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Critical

Threat

Geographic

General Conclusions

References

Uncertainty

Project NamgNumber)  Duration

Area

trophic activity by higher trophic level consumers
(i.e., fish) in streams.

3) In the 2016 study, carcasses lost ~75% of their
original wet weight during the fouwveek study.
Particularly strong responses werees in the
families Chironomidae and Baetidae, which
comprised >85% of samples by lamprey carcasseg
and showed significant differences due to
accessibility treatments.

Biology/Ecology

Other

Evaluating Persistence of
Visibility with Visible Implant
Elastomer Tags on Assorted
Sizes of Larval and Transform
Western Brook lamprey Over ¢
Five Month Period: Preliminary
Report

(2008470-00)

2013

Laboratory

1) VIE tags can beserted just underneath the
translucent skin tissue in up to six locations on an
individual juvenile/larva, with best visibility observe
in the center point between the last gill pore and
first dorsal insertion area.

2) None of the visibility ratings chged for larvae
with or without the use of the black light during the
course of the study (48 and 154 days); those tags
NI} SR Fad GKAIKfE& OAAAODT
GKAIKEE& @GAraroftSé FyR G¢
iKS 0SIAYYAYBENBIHAY SIKK
study.

Lampman et al.
2014a (Appendix
K1)

Lamprey Status

Lack of Awareness

Consolidated and Summarize(
Cultural Oral Interviews on
Lamprey Eels

(2008470-00)

2012, 2014
2016

Columbia Basin

1) Elder fishers and families were interviewed with
guestions related to the biography, harvest and
abundance, biology and ecology, cultuaad human
impacts surrounding Pacific Lamprey. Interview
answers have been analyzed over time.

Lampman et al.
2013a (Appendix
D1)
Lampman et al.
2015a (Appendix
B1)
Lampman et al.
2016a (Appendix
L1)

Lampman et al.
2017a (Appendix
L1)

Lamprey Status

Lack of Awareness

2014 Yakama Nation Pacific
Lamprey Project Outreach and
Education

(2008470-00)

20142016

Lower Yakima

1) Technical representatives of the Yakama Nation
Pacific Lamprey project are actively involved in
providing presentations at professial meetings,
local schools, and organizations.

2) The report outlines the dates, events, location,
presenter, audiences and estimate number of peoy
reached throughout the calendar year (reaching hg
a million in 2016).

Lampman et al.
2015a (Appendix
11)

Lampman et al.
2016a
(Appendix I1)

Lampman et al.
2017a

(Appendix E1)
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Critical
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Geographic

General Conclusions

References

Uncertainty

Project NamgNumber)  Duration
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Lower Yakima;

1) Yakima; Pacific Lamprey were virtually absent ir
most of the Yakima Subbasin in 2€2@12, but by
2017, after years of translocation, they are now
found throughout the Yakimau®basin, including
Lower Yakima tribs, Upper Yakima tribs in lower
reaches, and mainstem Naches and Yakima from
lower to upper reaches.

2) Methowg Pacific Lamprey distribution and
relative abundance were on a sharp decline in 201
2015, but after transloation began, their
distribution has increased to upper and lower
reaches of Methow and Chewuch rivers.

3) Wenatcheg;, Pacific Lamprey were readily found

Luke 2011
Luke 2012a
Lampmaret al.
2013a
(Appendices Bl
B3, G1)
Lampman et al.
2014a
(Appendices D1

Upper Yakima; | downstream of Tumwater Dam but no lamprey well D6)
Naches; found upstream of the Dam in 2042015. However, | Lampman et al.
Small Effective Larval Lamprey Survey Repor| Methow; after translocation, they are found in both lower an{ 2015a
Lamprey Status Population Size (2008470-00) 20102016 Wenatchee; upper reaches of Wenatchee. (Appendices D1
Entiat; Klickitat; | 4) Entiat- Pacific Lamprey have been found in the | D4, G6)
White Salmon; | mainstem from lower to upper reaches (no major | Lampman et al.
Columbia Basin | passage barrier exists, so no translocation has 2016a
occurred here). (Appendices G1
5) Klickitatg Pacfic Lamprey were readily found up | C6, G1)
to Klickitat Hatchery weir dam, but very few Pacific/ Lampman et al.
Lamprey are found upstream (indicating this to be | 2017a
least a partial barrier to adult Pacific Lamprey). (Appendices G1
5) White Salmor Pacific Lamprey were found C7)
upstream of the old Condit Dam site since the
removal; however, they have not been found too f¢
upstream from the site.
6) Distribution and occupancy within all Yakama
Nation Ceded Lands using 262915 dataare
summarized in the 2016 Appendix G1 Report.
1) In 2015, a new modified deepwater electrofishin
platform (DEP) system was developed by PNNL
which, when deployed, from a small boat which ha
the capabity of surveying in small water bodies tha
. . Lampman et al.
are inaccessible by motorboats. 2016a (Appendix
Small Effective Larval Lamprey Assessment Lower Yakima: 2) In 2015, Pacific Northwest National Laboratory G4)
Lamprey Status Using a Deepwater 2015 ' | and staff from the Yakama Nation conducted deep

Population Size

Electrofishing Platform

Upper Yakima

water larval lamprey surveys near the Roza Dam
Diversion Fish Screening Facititd at the Yakima
River delta region to determine lamprey occurrency
and provide a general assessment of substrate
composition.

3) Results from surveys indicated that very few lan

Lampman et al.
2017a
(Appendices L2)
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Critical

Uncertainty

Project Namg(Number)  Duration

Geographic
Area

General Conclusions

References

lamprey are inhabiting regions just upstream of the
Roza Diversion fdity although suitable substrates
are present and abundant.

4) At the Yakima River delta, larval lamprey search
were conducted at three general areas consisting (
the main river channel and delta regions to the nor
of the mouth. A total of three laal lamprey were
observed in a relatively small region along the nort
section of the delta region.

Luke 2010
Luke 2011
.| 1)Summarizes activities related to adult Pacific Luke 2012a
Lower Yakima; . -
.| Lamprey trapping andodlection, larval surveys, Lampmaret al.
Upper Yakima,; ) ) L . )
. - . larval/juvenile salvage in diversions, entrainment | 2013a
Yakama Nation Pacific Naches; ; - level : inl | |
_ Lamprey Project Annual Wenatchee: §tud|es, con_tamlna_nt eve cont_:entratlorjs in larval | Lampman et al.
Lamprey Status Various 20092016 . ' | tissue and fine sediment, species ID guide, larval | 2014a
Progress Reports Entiat; Methow; . )
S . outplanting plans, translocation releases and Lampman et al.
(2008470-00) Klickitat; White L | i . B .
Salmon: migration data, arva /juverhe PIT_ tagging studies, | 2015a
S state of art on artificial propagation and larval Lampman et al.
Columbia - . -
rearing, and cultural interviews. 2016a
Lampman et al.
2017a
1) The reports summarize activities related to adult{ Luke 2012b
lamprey collection in the Columbia and Yakima Lampman et al.
Rivers, development and installation of adult holdirl 2013b
Evaluation and Coordination o facilities, adult passage designs, adult passage Lampman et al.
Pacific Lamprey Activities in Lower Yakima; | studies, larval sampling and salvage in irrigation 2014b
Lamprey Status Various the Yakima River Basin (2014| 20122016 Upper Yakima; | canals entrainment studies, larval / juvenile lampre| Lampman et al.
2015) Naches research, artificial propagation, evaluation of water| 2015b
(R11AC10069) quality / toxicants effects, and regional coordinatiol Lampman et al.
in association with the Cooperative Agreement 2016b
between the Bureau of Reclamation and Yakama | Lampman et al.
Nation. 2017b
1) Irrigation diversions are serving as refuge habiteg Luke 2012a
for larval/juvenile lamprey. The amount of habitat | (Appendix A)
available is strongly linked to the number of Lampman et al.
Assessment of Larval/Juvenilg larval/juvenile lamprey present. 2013a
. Lamprey Entrainment in Lower Yakima; | 2) The results showed differential rates of (Appendices G2,
Dewatering & I . . o L ) .
L Irrigation Diversions withithe Upper Yakima; | entrainment based on lampy size classes. Most of| G3) Lampman et
Limiting Factors Stream Flow . 2011-2016 . . :
Management Yakima and Wenatchee Naches; the desiccated larvae were small, potentially al. 2014a
g Subbasins Wenatchee indicating that small larvae are more susceptible to (Appendix F1)

(2008470-00)

dewatering.
3) Although even the smallest mesh size (such as
1.75 mm) cannot effectively prevent small larval

lamprey from passinthrough the screens, the

Lampman et al.
2015a

(Appendices F1,
F2, G8)
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Geographic
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diversion sites with finer mesh screens appeared t{
be more effective in reducing at least some of the
medium sized larvae from moving downstream (i.e
mesh size does matter).

4) The vast majority of lampreys were found in two|
large scale diversions: Wapato Diversion (upstrean|
of fish screens) and Sunnyside Diversion
(downstream of fish screens).

5) Mark recapture studies concluded that potentiall
between 1945%of the lamprey present in a given
area were observed during a singlespasurvey,
resulting in at least 7,200 larvae at Wapato Diversi|
and 11,667 larvae at Sunnyside Diversion. In 2016
over 24,000 larvae were salvaged from Wapato
Diversion.

6) A large area of larval lamprey habitat was
identified in the reservoir above Ra Dam. The area|
of larval habitat in the reservoir decreased
dramatically when the reservoir was at its lowest
level (drying up much of the larval habitat).

7) Dryden Diversion on Wenatchee River is anothe
canal that holds a lot of Pacific Lamprey (idahg

lots of macrophthalmia). Approximately 10,000
larvae have been found salvaged each year during
dewatering as well as dredging activities.

Lampman et al.
2016a
(Appendices F1,
G2, G8)
Lampman et al.
2017a
(Appendices D1
D3)

Reconnaissance of
contaminants in larval Pacific
lamprey (Entosphenus
tridentatus) tissues and

1) A wide range of contaminants were measured ir|
sedimens and tissues at across a large geographic
area of diverse land use. Of which, four are within
the Yakima River Basin.

2) This is the largest dataset of contaminants in
habitats and tissues of Pacific Lamprey in North

Lampman et al.
2014a (Appendix

Limiting Factors Water Quality habi . L 20122014 Columbia Basin | America and the first study to compacentaminant | E5)
abitats in the Columbia river . . . ; -
basin, Oregon and bioaccumulation durlng_the larval !lfe stage and the| Nilsen et al. 2015
Washington, USA anadromous, adplt portion of the Ilfe_ cycle.
(2008 47006) 3) Based on available data, contaminants are
accumulating in larval Pacific Lamprey at levels thg
are likely detrimental to organism health anthy be
contributing to the decline of the species.
1) This literature review of Yakima River water
. quality studies suggests levels of contaminants
o _ Egi;i f;r\:]vs,tg ﬁutﬁgt{(gﬂima Lower Yak?ma; (pesticiQes,_ insecticiQes, hgrbicic_ies or _ Lampman et al._
Limiting Factors Water Quality River Basin 2012 Upper Yakima; | eutrophication) are higher in agricultural tributaries| 2013a (Appendix
Naches and lower reaches of Yakima River and summariz¢§ D5)

(2008470-00)

recommerded actions to further investigate impact

of water quality and contaminants on lamprey.
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2) Peak concentrations of contaminants coincide
with spawning timing.

Yakima Basin Pacific Lamprey

Lower Yakima;

1) The Action Plan presents information on Pacific
Lamprey recovery specific to the Yakima River
Subbasin. The overarching purpose of the Action
Plan is to define neaand lmg-term actions that
should be implemented towards the goal of
recovering lamprey and identify the schedule and

Luke 2012a

(Appendx B)
Lampman et al.
2013a

Limiting Factors Various Action Plan and Table 2011-2013 Upper Yakima; | entity(s) responsible for implementation. Appendices D2
(2008470-00) Naches 2) The Action Table lists out threats and Giguetolees D2
. . S D3) Lampman et
recommended actions related to: adult migration, al. 2014a
downstrean passage and entrainment, stream and mix G
floodplain degradation, water quality and quantity, Ml B
predation, disease, harvest, and small effective
population.
1) Nine sites throughout the upper Yakima River
between Cle Elum and Roza Dam (rkm 300.9 to rk|
Evaluation of the Potential 214.9) were sampled, attempting to assess the
LYLI Olla 2F acCf potential effects of "Flip Flofflow management on
Dewatering & Lamprey in the Upper Yakima larval lamprey habitat. Lampman et al.
Limiting Factors Stream Flow River Using Photo 2012 Upper Yakima | 2) During the course of the Flip Flop period, we 2013a (Appendix
Management Documentation and Habitat observed 40100% loss of larval lamprey habitat D4)
Assessment: Summer 2012 (average of 67%) in these nine sites.
(2008470-00) 3) Reduced peak high flow during spring and late
summer flow attenuation aanegatively impact
adult spawning migration and behavior.
1) Larvae were released in Congdon Diversion to
evaluate a) how lamprey of various size interact wi
the fish screens using video analysis, b) how many Lampman et al.
will move through the fish screens vs. bypaand c) | 2014a
how many will remain in the diversion at the time o| (Appendices F2
dewatering. F4)
2) Fortythree PIT tagged larval/juvenile Pacific Lampman et al.
Lamprey were released upstream of the Chandler | 2015a (Appendix
Monitoring of Juvenile/Larval Lower Yakima: Diversion fish bypass (Prosser, WA) in April 2014.| G7)
Limiting Factors Passage Lamprey Passage Diversions | 20132016 ' | Although all juvenile PIT tagged fish migrating Lampman et al.

(2008470-00)

Naches

downstream through the bypass channel are
supposed to be deteted at the pit tag arrays, only
12.5% of the juvenile and 2.9% of the larval lampre
were detected.

3) Thirtythree PIT tagged larval/juvenile Pacific
Lamprey were released upstream in the Chandler
Diversion in May 2015. Only 3.0% were detected &
the bypass PIT array.

4) Chandler Diversion bypass channel was explore

2016a

(Appendices E2,
G3)

Lampman et al.
2017a
(Appendices H1,
H2)
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extensively during the dewatering period to evaluaf
any potential gaps or holes that may pass juvenile
and larval lamprey. Holes in the range of-8.5 mm
were found in many places, burber holes (>4.5
mm) were sealed successfully.

5) Seventythree PIT tagged juvenile/larval lamprey
were released near the bypass entrances at Chan(
Diversion to enhance our understanding of detectic
rates within the bypass channel. Detection rates
were high for Pacific Lamprey (>80%), but were loy
for Western Brook Lamprey (52%).

The Predation Potential of
Pacific Lamprey and Western

1) We conducted two confined, experimental feedil
studies ( shorand longterm) to estimate tle
predation potential of Pacific Lamprey ammocoete|
by various native and nenative fishes collected
from the Yakina River Subbasin.

2) Predator fishes preyed heavily on ammocoetes
when fine sediment was absent (ave. predation rat
of 47%) as opposed tagsent (ave. predation rate
of 5%).

3) Small ammocoetes (YOY and small) were preye
primarily when fine sediment was present while

Lampman et al.

Limiting Factors Predation Brook Lamprey Ammocoetes | 20152016 Laboratory . 2017a (Appendix
- f wider range of ammocoetes length was preyed wh
by Various Native and Nen ] . L1)
Native Species fine sediment was absent.
P 4) Smallmouth Bass was capable of consuming
ammoometes that was at least 97% of its fork length
Similarly, sculpin and Yellow Bullhead consumed
ammocoetes that were at least 91% and 77% of th
length, respectfully.
5) The predation rates with fine sediment present
increased considerably for White &geon and
Common Carp in the loAgrm study compared to
the shortterm study.
1) Three of the lower Columbia River tributary Lampman et al.
mouths (Klickitat, Fifteenmile, and Wind) were 2014a
sampled to collect larval/juvenile Pacific Lamprey | (Appendices D5,
Lower Columbia River and fine se_dlment t_hey rear in for a mercury _ F6)
. . concentration analyis by Pacific Northwest Nationa| Lampman et al.
Tributaries Larval Lamprey
Limiting Factors Water Quality Survey Reports (for Mercury AU OO Columbia Basin LEEEET, 20059
2016 2) A wide variation in methyl mercury (Hg) (Appendices D4,

Concentration Assessment)
(2008470-00)

concentrations were found in larvae and adult
lamprey in the Klicktat River, Wind River, and
Fifteenmile Creek.

3) When compared with other species where Hg

effects have been well studied, the concentrations i

G10)
Lampman et al.
2017a

(Appendix L3)
Linley et al. 2016
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larvae from the Klickitat River, Fifteenmiénd the
Wind River suggest that many of these fish may h¢
experienced and/or continue to experience lethal
and sublethal adverse effects from Hg that constra
population recruitment.

4) There was a wide variation in THg concentratior|
in adult lamprey, particularly in mature females,
which ranged from 0.26 7.98 ug/g wet weight.
Total Hg concentrations from two females collecte(
at Bonneville and John Day dams #&edd at the
Prosser Hatchery until ripe and their eggs also
showed evidence of generational Hg transmission.
For the larger (530 mm) adult female collected at
Bonneville Dam, the THg tissue concentration was
7.91 ug/g wet, whereas the concentration in tggs
was 1.02 ug/g wet, or a 12.8% transmission. For tH
smaller female (456 mm), collected at John Day D:x
the tissue THg concentration was 1.13ug/g wet
compared to 0.053 ug/g wet, or a 4.7% transmissi

Adult Pacific Lamprey Passag|

Lower Yakima;

1) Pacific Lamprey collected at lower Columbia Riy
dams were radidgagged and released downstream
and upstream of major Yakima and Naches River
dams between 2011 and 2014.

2) Reduced fall passage at the lower rigams
(Wannawish and Prosser) may decrease the numl

Johnsen et al.
2013
Grote et al. 2014

Lampman et al.

Passage Passage (2008470-00) 20112014 Upper Yakima; of lampreys available to pass the upper river dams| 2014a .
Naches . . (Appendices G1,
(Sunnyside and Wapato) in the fall when passage G2)
success at these facilities is highest. Grote et al. 2016
3) Passage at Roza Dam was 0%, indicating issue| ———— —
within the fishladder as well as at the uppermost
collection pool.
Luke 2012a
Lampman et al.
2013a (Appendix
Al)
i 1) The report summarizes the results and general | Lampman et al.
. gt P.aCIf.'C M . guidelines for trapping and transporting of adult 2015a (Appendix
Restoration SIEN [FUEEITE Sl G CEmlde) 20112012, Lower Columbia| Pacific Lamprey from Lower Columbia River E1)
Population Size River Basi 20142016

(2008470-00)

hydroelectric dams to decrease mortality while
increasingefficiency.

Lampman et al.
2016a
(Appendix D1)

Lampman et al.
2017a

(Appendix K1)
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Translocation of Adult Pacific

Area

Lower Yakima;

1) Yakima adults have been translocated into Satu
Toppenish, and Ahtanum creeks since 2Q023.
Some adults have been released in Upper Yakima|
(2015) and Lower Yakima (202816). Results from
PIT tag data show that they move upstream in sea
of spawning habitat in most cases (with increasing
propensity each year), but certain dams are
inhibiting the passage of adults (such as Prosser,
Roza and Unit 2 [Toppenish] dams). Adults have
shown to use Teanaway and Swaulk creeks in upp
Yakima. Larvae recruitment from translocation hay|
been confirmed in allranslocation streams as well
as mainstem Yakima.

2) Methowg adults have been translocated into
Methow (lower and upper), Chewuch, and Twisp
rivers since 2015. Results to date indicate that a Ia|

Lampman et al.
2015a
(Appendices G3
Gb5)

Lampman et al.

Restorations Small Effective Lamprey within the Yakama 20122016 Upper Yakima; | number of adults move into Chewuch River for 2016a (Appendix
Population Size Nation Ceded Lands Methow; spawning dung the fall and spring migration seaso| E1)
(2008470-00) Wenatchee Spring migration appears to be just as important ay Lampman et al.
fall migration in migrating to spawning habitat. 2017a
Currently, only a limited number of adults have be¢ (Appendices G1
documented to move into Twisp and Upper Methoy G3)
rivers. Larvaeecruitment from translocation have
been confirmed in Chewuch and Methow rivers.
3) Wenatcheg; adults have been translocated into
lower and upper Wenatchee (including within
Tumwater Dam) as well as Icicle Creek. Results to|
date indicate that adults stiggle to pass Tumwater
Dam during both fall and spring migration. Howeve|
adults released upstream of Tumwater Dam have
occupied a wide range of habitat including White
River (past Lake Wenatchee) and Nason Creek.
Larvae recruitment from translocation hesbeen
confirmed in both lower and upper Wenatchee.
1) This laboratory work provides the best Lampman et al.
management practices on the culturing of Pacific | 2013b
Developing Techniques for Lamprey fron adult holding to larval rearing. (Appendix 5)
Artificial Propagation and Early 2) It also provides important insights into lamprey | Lampman et al.
. Rearing of Pacific Lampre early life history. The transition from prolarvae to | 2015a (Appendix
Restorations el E.ﬂ ectlye (Entosghenus tridentatEs));or AU OO Laboratory burr)(/)wing andr);irsifeeding lamprey Ia?vae appears| J1)
Population Size 2016

Species Recovery and
Restoration
(2008470-00)

to be a survival bottleneck, with high mortality of
early life $ages in hatchery settings, indicating that
early survival bottlenecks may occur in nature as
well.

3) There is enough knowledge in the Pacific

Lampman et al.
2016a (Appendix

J1) Lampman et
al. 2016¢
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Northwest region to begin a supplementation
program to reintroduce and supplement locally
extinct and functiondy extinct populations.

Restorations

Small Effective
Population Size

Assessment of Release Sites
for Larval Pacific Lamprey
Outplanting

(2008470-00)

2014

Naches; Upper
Yakima

1) The Eschbach Park Site (Naches River), lower 1
of Wenas Creek, the Holmes Acclimation site (outl
to the Yakima River), and the Cle EluntcHery side
channel were evaluated for potential larval lamprey|
outplanting.

2) Larval lamprey habitat appeared to be abundan
with overall carrying capacity estimated to be
197,636, 49,475, 149,600, and 286,978 larvae

respectively.

Lampman et al.
2015a
(Appendices G2
C5)
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4.1.2 Confederated Tribes of the Umatilla Indian Reservadtamprey Projects

The goal of the TUIRs to protect, restore and enhance the First Foqagater, salmon, deer, cous and
huckleberryg for the perpetual cultural, economic and sovereign benefit of the CTUIR utilizing

traditional ecological and cultural knowledge and science to inform: 1) latipn and habitat

management goals and actions; and 2) natural resource policies and regulatory mechanisms. The CTUIR,
through itsPacific LampreRResearch and Restoration Project (Close 1986ksort al.2011), intends

to provide the critical informadn to restorePacific Lamprein the Umatilla, Grande Ronde, Walla

Walla, Tucannon, John Day and Imnaha subbasins (Phelps 2004). Restof&oifiof.amprewill

eventually provide harvest opportunities and will recover the ecosystem functions thatrégnprovide.

Since initiation of lamprey restoration efforts by CTUIR in 1995, the project has gained a better
understanding bprogram development as well as prioritizing restoration actions based upon the CTUIR
lamprey restoration plan (Close et al.99).In particular, the CTUIR lamprey project (1926-00) has
translocated ~6700 adult lamprey into highlue sgwning habitat in the Umatilland Grande Ronde

rivers, monitored the increased distribution of larval lamprey and outmigration of juvemipriey in

the Umatilla River, identified and monitored adult passage barriers and obstacles within the Umatilla
River designed and implemented adult lamprey passage structures in the Umatilla River, and helped
develop artificial propagation and rearingcteniques foPacific LampregTable4-2). Based on regional

and project specific results, the CTUIR aims to prioritize the following objectives:

1) Improve mainstem dult lamprey passage whiahill be critical to allowing migration
throughout theCRB in particular to upstream locations;

2) Improve passage within the tributary environment which will continue to allow limiting
factors to be identified;

3) Develop and improve alternative passage routes and strategies, such as adult translocation,
to maintain the presence of lamprey in upstream locations while mainstem limiting factors
are being developed;

4) Continue to understand primary limiting factors at the locaklewvhich requires the
presence of lamprey;

5) Develop, improve, and implement supplementation and restoration research activities such
as artificial propagation and aquaculture to determine if feasible for future use;

6) Strengthen lamprey outreach and education at the local, regional, and national levels;

7) Continue to identify, evaluate, and monitor status, trends, and distribution of lamprey
within the upper reaches of their historic distribution.
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Table4-2. Summay of Program funded lamprey projectsonducted by the CTUIR

Duration

Geographic
Area

General Conclusions

References

1) Assembled regional fish health data féacific
Prevalence of Pathogens in Lamprey
Biology/Ecology Disease Pacific Lampregf the Pacific 201617 Rangewide 2) Aeromona_s salmonicida th(_e most prevalent Jac_kson et allrf
Northwest pathogen in samples examined review)
(1994026-00, R12AC10024) 3) Provides data gaps and research needs regard
disease issues Pacific Lamprey
Vil For ot e et o e o | Aot 1
Biology/Ecology Lack of Awareness | larvalPacific Lamprey 2002 . * " | 2003(Chapter 4 in
Day water velocity (0 to 9 cm/s), and depth of organic
(1994026-00) . Close et al. 2008
material (>30mm).
The Ecological and Cultural 1) Lamprey are cul?urally significant to the tribes;
. Importance of a Species at Rig Columbia River NEEE, SUTIE] HEEEs tPWa”.’ Bty e
Biology/Ecology Lack of Awareness R o 2002 . affected management policies in the past. Lampre Close et al. 2002
of Extinction Pacific Lamprey Basin
may have acted as a buffer for salmon from
(1994026-00)
predators.
1) Clearance rates for seston from the water coluri
. .
Suspended matter processing of Iamprey averaged 2.6 L/h_ 9 dry weight under th Kreeger 20_0.7
. o best simulated natural conditions in the laboragp | (Chapter 5 in
Biology/Ecoloy Lack of Awareness | by larvalPacific Lamprey 2008 Laboratory L )
(1994026-:00) yvhlch is comparablt_a to o_ther suspensiolearance | Howard et al.
invertebrates including bivalves mollusks and 2007).
zooplankton.
Effects of passive integrated 1) Develop tagging methodogy for larvalPacific
" transponder (PIT) implantatior LAY . .
Biology/Ecology Passage o 20152017 Laboratory 2) Evaluate the healing rate, tag retention, Moser et al. 2017
on Pacific Lamprey . . .
swimming performance, growth and survival of
ammocoetes -
Pacific Lampregmmocoetes
Stream and Spawning habitat selection of 1) Pacific Lampretypically spawn in run/glide Aronsuu et al.
Bioloav/Ecolo Floodolain Pacific Lamprein a tributary 2003 Umatilla habitat with shallow water (between 20 and 40 cm| 2003. (Chapter 2 in
9y oy De ranjation of the Umatilla River, Oregon Subbasin deep) with larger rock (12856 mm) and water Howard, and
9 (1994.026-00) velocity less than 30 cm/st(& cm above substrate)| Close 200p
Yun et al. 2011
Robinson et al.
Identification of putative . SIS AnE R 20
miaratory pheromones from 1) Migratory adult lamprey are attracted to odors | Close et al. 2003b)
" Small Effective gratory p emanating from larval lamprey which functions as| Yun et al. 2003
Biology/Ecology . : Pacific Lampregt ampetra 201112 Laboratory . L . -
Populations Size tridentata) chemical communication system that guides adult| (Chapter 3 in Clos€
(1994026.00) to spawning habitat. et aI_. 2003b)
Robinson et al.
2002 (Chapter 2 in
Close 2002b).
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Behavior and Potential Threatj
to survival of migrating

1) The very structures designed to protect migrati
juvenile salmonids can be harmful to juvenile
lamprey. Yet at turbine intakes and spillways,
lampreys, whicthave no swim bladder, can

Biology/Ecology; Various lamprey ammocoetes and 2015 Rangewide withstand changes in pressure and shear stress I¢ Moseret al.
Passage . - . 2015b
macrophthalmia enough to injure or kill most teleosts.
(1994026-00) 2) Provisions for safe passage of juvenile lamprey|
are being considered at dams and water diversion|
in North America and Europe.
Jackson and Mose
1) This report summarizes activites related to adul| 2014
Pacific Lamprefgvaluation and passagelesigns, adult passage studies, larval Jackson and Mose
Lamprey Status and Various Coordination Activities in the 20132017 Lower Umatilla | sampling and salvage in irrigation canals, 2015
Biology/Ecology Umatilla River Basin and Laboratory | entrainment studies, larval / juvenile lamprey Jackson and Mose
(R12AC10024) research, artificial propagatiomnd regional 2016
coordination. Jackson and Mose
2017
Traditional Ecological
Knowledge oPacific Lamprey
(Entosphenus tridentata) in Northeastern 1) This report document$e historical presence,
Northeastern Oregon and Oregon and use, and cultural importance &facific Lampreto
Lamprey Status Lack of Awareness | Southeastern Washington 2004 9 ' P . p . Close et al. 2004.
) Southeastern people of the Confederated Tribes of the Umatilla
from Indigenous Peoples of Washington Indian Reservation
the Confederated Tribes of the 9 '
Umatilla Indian Reservation
(1994026-00)
1) Adult lamprey counts at hydropower dams
underestimated losses between some dams and
overestimated passage times through reservoirs
2) Count data were not correlated with trap
Assessinacific Lamprey o captures of adults conducted in the same area an
. . e Columbia River . . " Moser and Close
Lamprey Status Various Status in the Columbia River | 2003 Basin at the same time, likely due to lamprepecific 2003
(1994.026-00) behaviors that result in inaccurate counts. =
3) Salmoniebased sampling for juvenile lamprey is|
inadequate the ned is highlighted for standardized
larval lamprey monitoring that provides both
abundance and size distributions.
1) Successful reintroduction of lamprey to a regior|
Lessons from the requires a‘mult!dlsmpllna.ry ;;uentlflc approach .
. . involving fisheries and wildlife managers, ecologis|
Reintroduction of a non . . -
charismatic migratory fish: Umatilla physiologists, and geneticists.
Lamprey Status Various - - ’ 2009 . 2) Dssigning reintroduction projects with Close et al. 2009
Pacific Lamprein the upper Subbasin

Umatilla River, Oregon
(1994026-00)

multifaceted information in mind, both biological
and nonbiological, is necessary to monitor succes
as well as developing models and alternative

management scenarios for reintroduction efficienc
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Critical : : Geographic .
Uncertainty Threat Project Name (Number) Duration A?eap General Conclusions References
Status Report of theacific 1) Pacific Lampreliave been extirpated from many
. P - Columbia River | subbasins in the interior CRB
Lamprey Status Various Lamprey(Lampetra tridentata) | 1995 . o . Close et al. 1995.
(1994026-:00) Basin 2) Lamprey were historically important to
indigenous peoples
Effect of surgicalljmplanted
radio transmitters on the 1) Laboratory study found no differences in lamprg Moser et al. 2008
Passage Passage climbing ability of adulPacific | 2007 Laboratory climbin abil?/ty bet\)llveen tagged and untagoed ﬁg H (Chapte 4 in Close
Lamprey 9 99 99 et al. 2008).
(1994026-00)
1) Radio telemetry was used to assess lampre JEELEE AT
Identification of Low Elevation emetry nprey Moser, (n Review
. o passage efficiency aeven dams located within the
Impediments to AdulPacific . . Jackson and Mose
. lowest 55km reach of the Umatilla River.
Lamprey(Lampetra tridentata) . 2012
o A . . 2) During the study, one dam was breached, after
IERR [ s el ey Umatilla which passage efficiency there immediatel bore i loe il
Passage Passage Oregon and Installation ofa | 2007-2009 Subbasin im rovz d fro?n 32% 10 Sity Y 2010 (Chapter 2 in
Lamprey Passage Structure ai P 2 > . Jackson and Mose
. . 3) Water augmentation actions at Three Mile Falls|
One of Them: Three Mile Falls . : 2013).
D Dam apparentlyontributed to improved mean
am assage efficiency of migratephase fish (from Balf B SRR L0
(199402600) ‘1’70/ P 2007, (Chapter 2 in
0 o Close et al. 2008).
1) Genetic study dPacific Lamprefrom Japan,
Amplified Eragment Lenath Alaska, and Pacific Northwest showed a high
Polpmor hisrr? Assessmgent of proportion of shared bands, which indicated
Population Small Effective Ger):etic %iversity apacific 2008 Laborato significant levels of historic gene flow across the Lin et al. 2008
Delineation Populations Size Lamore Y range of species. I——
(1992-05600) 2) Genetic diversity within the Pacific Northwest
was not significant as to delineaséocks,
populations, or evolutionarily significant units.
1) Spatial patterns in channel morphology and
Influence of habitat substratum composition were analyzed to
Dewatering and heterogereity on the determine the influence of habitat heterogeneity ol
Flow Management diStI’ibl?tion of larvaPacific John Da: the distribution and abundance of larval lamprey. Torgersen and
Restoration Stream and Lamprey(Lampetra tridentata) 2003 Subbasir): 2) Habitat variables explainedariation in larval Close 2004
Floodplain at M% spatial zcales abundance at large and small scales, but locationjf =
egradation actors, such as longitudinal position (river km) ani
D dati (19940;600) facti h as longitudinal position (river km)
sample location within the channel unit, explained
additional variation
1) Over 10 years, CTUIR translocated over 3,000 | Jackson et al. 1996
Long Term Monitoring of the adult lamprey to the upper Umatilla River. Aronsuu et al.
Reintroduction of Pacific 2) Following relocatiormean density of larvae in 2003
Restoration Passage Lamprey in the Upper Umatillg 19992009 UmatillaSubasin | survey plots increased over time from 0.08 to 8.22 (Chapter 1 in Closeg
River, Oregon larvae/n?. et al. 2003b)
(1994026-00) 3) Downstream migration by larvae may be Close 200&
hindered by irrigation withdrawals. Summer Close 2002b
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enhanced flows of the Umatilla Basin Project are § Howard and Close|
major benefit for larval rearig. 2005

Howard et al. 2005
Close et al. 2008
Jackson et al. 2011
Jackson and Mose
2013

ResiEiEiiten Blene s Pasiie 1) The CTUIR developed and began implementing

Restoration Various L amprey(La_mpet_ra eI ) 1999 Umatlllq restoration plan folPacific Lamprey Closel999.
D 12 Uil (R, OTEEe SHlelbEET 2) The plan included translocation of adult lampre}
(1994026:00) P prel
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4.1.3 Confederated Tribes of Warms Springs Reservation of Otegoprey Projects

The CTWSRO Natural Resources Fisheries Program has been conducting redeacific dilamprey

since 2003 (BPA Projects 260P6-00, 2007007-00, 20@-308-00,and2011-014-00). These studies and
others(e.g. Portland General Electric Comp&@1a) were aimed at establishing population status

and trends and documenting distribution in the Deschutes River, Fifteenmile Creek, and the Willamette
River, monitoring recolonization of lamprey into Hood River after dam removal, investigating the
potential for reestablishment upstream of PeltédRound Butte Hydrological Complex, characterizing

larval rearing habitats, identifying overwinter and spawning habitats, relating patterns of migration to
environmental variables, and estimating harvest at Sherars &althe Deschutes River, Cushing Falls on
Fifteenmile Creek, and Willamette Falls on the Willamette River.

Since initiatiorin 2003 ,the CTWSRO lamprey program has gained a better understandiagisic

Lampreyife history and limiting factors withiETWSRO Ceded Area streams. In particular, the CTWSRO
lamprey program has provided abundance and escapement estimates at Willamette Falls (Willamette
River) and Sherars Falls (Deschutes River), estimated adult abundance and spawning habitat in the lower
De<hutes River, evaluated status and trends and distributions of lamprey in CTWSRO Ceded Area
streams (e.g. Deschutes River, Fifteenmile Creek, Warm Springs River, and Shitike Creek), and refined
larval sampling and habitat identification methods and techeis Table4-3).

IN2016x G KS / ¢2 { wh O2Y LKRa&fit SaRprdgtudies by ihiél GoSfeddrated Fribes of

GKS 21 NY {LINAy3a wSaSNIDI A 2006 vhighsymtheBiZ22rgshilts flomn o 2
CTWSRO lamprey projects monitoring population status and trends and documenting distribution in the
Deschutes River,fi@enmile Creek, and the Willamette River, monitoring recolonization of lamprey into
Hood River after dam removal, investigating the potential for reestablishment of lamprey upstream of
PeltonRound Butte Hydrological Complex, characterizing larval rehdhijats, identifying overwinter

and spawning habitats, relating patterns of migration to environmental variables, and estimating harvest
at Sherars Falls on the Deschutes River, Cushing Falls on Fifteenmile Creek, and Willamette Falls on the
Willamette Rver.

Based on regional and project specific results (Bakég), the CTWSR@commends prioritizing the
following objectives:

1) Continue to estimate abundance of adult lamprey at existing harvest locations within the
CRB(e.g. Sherars, Willamette Falend Cushing Falls) as well as expand at other potential
locations (e.g. Warm Springs River, John Day River, Hood River, Cleay Clealamas

Subbasin);

2) Continue to evaluate, and monitor status, trends, and distribution of lamprey at all life
history stages across CTWSRO ceded lands (e.g. Deschutes River, Fifteenmile Creek, and
Hood River);

3) As habitat restoration continues in Reservation streams and ceded lands by CTWSRO

Habitat Program, continue to evaluate and monitor lamprey response to regiara
activities at new sites;
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4)

5)

6)

7)

Continue to employ updated methods of genetic analysis, within existing lamprey projects,
to help evaluate larval age at outmigration, to compare effective population size with
estimated abundance, and to identify succe$$amily groupsemploying parentage analysis
in addition to searching for genetic markers that indicate adaptive traits that may have
geographic significance;

Improve passage within the tributary environment, by identifying and modifying and/or
removing(e.g. Powerdale dam) all potential passage barriers, which will continue to allow
limiting factors to be identified,

Develop and improve alternative passage routes and restoration strategiesintain the
presence of lamprey in upstream locationsil@hmainstem limiting factors are being
developed;

Continue to understand primary and emerging (e.g. poor water quality, contaminants)
limiting factors at the local level
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Table4-3. Summay of Program funded lamprey projectsonducted by the CTWSRO

Critical

Geographic

. Threat Project Name (Number) Duration General Conclusions References
Uncertainty Area
1) A mark and recapture study was used to estima|
lamprey escapement at Willamette Falls 2cam4. | Baker and
_ 2) It is believed that most lamprey pass over Graham 2011
Willamette Falls Lamprey L@ Willamette Falls using the fish ladder. Lamprey | Baker and
Lamprey Status Passage Escapement Estimate 20102014 Willamette behavior below falls is unpredidite. Less than 50% Graham 2012
(2008308-00) of lamprey pass the falls with the remaining either | Baker et al. 2014
congregating at the base of the falls or moving Bakerand McVay
downstream to other tributaries. 2015
Willamette Falls Lamprey 1) 2010 was the first year lamprey were estimated ‘
Lamprey Status Passage Escapement Estimate 2010 WiILIZ\aneertte Willamette Falls. Escapement through the fish ladg ﬁAgOll
(2008308-00) was 89,668. Granam 201
1) In 2011, estimated escapement of lamprey
through the fish ladder at Willamette Falls was
Willamette Falls Lamprey Lower 49,072. Baker and
Lamprey Status Passage Escapement Estimate 2011 Willamette 2) Given the proportion of marked lamprey that Graham 2012
(2008308-00) failed to return to theladder (54.3%) and -
escapement, the estimated abundance of lamprey
the horseshoe area below the falls was 58,217.
1) In 2012 and 2013, estimated escapement of
Willamette Falls Lamprey lamprey through the fish ladder f_alt Willamette Falls
Lamprey Status Passage Escapement Estimate 201213 L ower was 109,38 and 55’4.'60’ respectively. . Baker et al. 2014
(200830800) Willamette 2) Total abundance in 2012 apd 20i®luding
lamprey below the falls that failed to go through th
fish ladder, was 245,325 and 173,792, respectively
1) In 2014, estimated escapement of lamprey
Willamete Falls Lamprey Lower through the fish ladder at Willamette Falls? was
Lamprey Status Passage Escapement Estimate 2014 Willamette 125,778. Lamprey present at the falls that failed tq Baker et al. 2014
(2008308-00) ascend was estimated to be 210,5@r a total
abundance estimated at 336,305.
1) Estimated abundance of lamprey at Sherars Fal
in 2013 was 11,455; escapent was 9,658. The
» 2013 estimate was 56% above the 20@012
Adult Pacific Lamprey Lower average of 5,130 lamprey. Graham et al.
Lamprey Status Passage Escapement at S_herars Falls ( 200420124 Des_chutes; 2) Between July 28 an@ctober 1, 2013, 48 lamprey _Z()A(C_haptil
the Deschutes River Middle PIT tagged at Sherars Falls entered Warm Springq in_Baker and
(201101400) ColumbiaHood | River (32 of 48) and Shitike Creek (16 of 48). Of | Sraham 2013).
48 lamprey, eight had overwintered in 2012 before
entry into the tributaries.
Adult Pacific Lamprey Lower 1) Estimated Iamprey abundance, exploitation rat.e
Escapement at Sherars Falls Deschutes: and escape estimates for the lower Deschutes Riv|
Lamprey Status Passage . 20042013 . ’ have been calculated from 2004 to 2013. Baker etal. 201%
the Deschutes River Middle

(2013014-00)

ColumbiaHood

2) The Project objectives westo: continue a mark

recapture study to estimate aduRacific Lampre
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https://pisces.bpa.gov/release/documents/DocumentViewer.aspx?doc=P143087
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Critical

Uncertainty

Project Name (Number)

Duration

Geographic

Area

General Conclusions

escapement over Sherars Falls and monitor tribal
harvest at Sherars Falls; and monitor entrance tim
of halfduplexedPacific Lampreinto Warm Spring
River and Shitike Creek.

REE S

1) In 2013, the estimated abundance of lamprey in|
Fifteenmile Creek was 1,928; 38er than in

Adult Pacific Lamprey Lower 2012.
Lamprey Status Passage Escapement at Sherars Falls ¢ 20132014 Deschutes; 2) Distribution in Fifteenmile Creek and Eightmile | CTWSRO Fisherie
the Deschutes River Middle Creek were 60.8 and 40.1, respectively. Lamprey | Resarch 2014
(2011:014-00) ColumbiaHood | distribution in Mill Creek was up to rkm 9.6. In Ho(
River, the upper extent of lamprey distribution was
rkm 5.6 in the East Fork of bid River.
1) The estimated abundance of lamprey at Sherary
Lower Falls in 2014 was 16,7 18scapement was 15,050.
Adult Pacific Lamprey Deschutes: 2) The 2014 abundance estimate was 2.9 times th
Lamprey Status Passage Escapement at Sherars Falls ( 2014 . ’ 2004- 2013 average of 5,789 lamprey. Baker et al. 2015
. Middle -
the Deschutes River ColumbiaHood 3) In 2014, antenna arrays detected R&cific
Lampreyin Warm Springs River and two in Shitike
Creek.
Adult Pacific Lamprey D:sc::\,lillﬁ:es
Lamprey Status Passage Escapement at Sherars Falls ¢ 2015 Middle ’ Baker 2015
the Deschutes River -
ColumbiaHood
1) Lamprey abundance in Fifteenmile Creek was
estimated to be 1,504 and 2,708 in 2011 and 2012
respectively.
2) Distribution was established at rkm 58 in
Pacific Lampre$tatus in Fifteenmile Creek and rkm 30 in Eightmile Creek. | Fox and Wildbill
Lamprey Status Passage Fifteenmile Creek and Hood 2011-2012 Middle 3) In both 2011 and 2012, high summer water 2013 (Chapter 3
River Subbasins ColumbiaHood | temperaures in Fifteenmile Creek may have cause in Baker and
(2011:014-00) lamprey to suspend migration to upper reaches. | Graham 2013).
4) In 2012, Lamprey distribution increased in the
upper Hood River following the removal of
Powerdale Dam in 2010 up to rkm 3.6 in East Fork
Hood River.
1) In 2014, the estimated abundance of lamprey in|
Fifteenmile Creek was 3,238; 70% greater than thg
2013 estimate.
Pacific Lampre$tatus in 2) Lamprey distribution in Fifteenmile and Eightmil
Lamprey Status Passage Fifteenmile Creek and Hood 2014 Middle creeks were similar to the previous two years, at 5| Baker et al.
River Subbasins ColumbiaHood | km and 37 km, respégely. 201%.

(2013014-00)

3) Lamprey in Hood River had extended an
additional 5.8 rkm upstream in East Fork Hood Riy
(to rkm 11.4).

49
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http://pisces.bpa.gov/release/documents/documentviewer.aspx?doc=P132301
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Critical

Uncertainty

Project Name (Number)

Determining AdultPacific

Duration

Geographic
Area

General Conclusions

1) The abundance and harvest of adedicific
Lampreyin the Deschutes River was estimated
yearly at 8ears Falls fron2004 to 2010.

2) Lamprey populations in the lower Deschutes arg

REE S

environmental variables and
habitat restoration
(2011-014-00)

Stream and LampreyAbundance and relatively stable but declining slightly over time. Fox et al. 2010
Lamprey Status Floodplain Spawning Habitat in the Lowe| 20022010 | Lower Deschutes| 3) A high percentage (60%) of spawning occurs in| Graham and Brun
Degradation Deschutes River Subbasin Deschutes River main stem rather than tributaries| 2007
(2002016-00) No Western Brook or Riv lamprey have been
positively identified within the Deschutes Subbasin|
4) Larvalpresence is highly correlated to habitats
containing woody debris and soft substrate
Pacific Lampregmmocoete
densities in Reservation
streams: A comparison 1) Larva had recolonized stream restoration area k|
. . o . . Bake 2013
Stream and betweenWarm Springs River mean densities were lower in the restoration area Chanter 2 in
Restoration Floodplain and Shitike Creek and 20122013 | Lower Deschutes| than the undisturbed control reach in Shitike Creek (Chapter 2
- : A ) B Bakerand
Degradation relationships between 2) Maximum sediment depth was found to be a m4
) . : Graham 2013).
environmental variables and predictor oflarvalabundance.
habitat restoration
(2011-014-00)
Pacific Lampregmmocoete
densities in Reservation
streams: A comparison L .
Stream and between Warm Springs River I 20.13’ mean IR7EY de’.‘s'"e? .Of FFTIE7 DG . .
. . L salmonidrestoration reach in Shitike Creek was CTWSRO Fisherie
Restoration Floodplain and Shitike Creek and 2013 Lower Deschutes : L .
- : . lower than preproject densities in 2009 and in the | Research 2014
Degradation relationships between - -
. . undistubed control reach in 2013.
environmental variables and
habitat restoration
(2011014-00)
Pacific Lampregmmocoete
densities in Reservation
streams: A comparison
Stream and between Warm Springs River
Restoration Floodplain and Shitike Creek and 2014 Lower Deschutes Baker et al. 2015
Degradation relationships between
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414 Columbia River InteFribal Fish Commissidiamprey Projects

The CRITFC, through the Implement the THaalific LampreRestoration Plan project (20€24-00), is
directed towards implementing the six objectives contained within the TRaalfic Lamprey

Restoration Plan for th€olumbia River Basthat was finalized by CRITFC and its member tribes
(CRITFC 2011yhis poject is closely administered and coordinated with the Accord Lamprey Projects by
the YN, CTUIR, and CTWS&®@, bythe Nez Perce Tribal lamprey restoration project. Project objectives
include (1) improving lamprey mainstem passage, survival and halifamgroving tributary passage

and identifying, protecting, and restoring tributary habitat, (3) supplementing interior lamprey
populations by reintroducing and translocating adults and juveniles into areas where they are severely
depressed or extirpated4) evaluating and reducing contaminant accumulation and improving water
guality for lamprey in all life stages, (5) establishing and implementing a coordinated regional lamprey
outreach and education program within the region, and (6) conducting reseamhtoring and

evaluation of lamprey at all life history stages.

Since initiation of the CRITFC lamprey project, a better understahdsbeen gained regarding the
prioritizing of restoration actions based upon the TPLRP. In partictilarCRITFC larmgyr project has
improved the understanding of migration characteristics, passage issues, and distribution/occupancy
patterns ofPacific Lamprein the Willamette River Subbasicontributed to significant improvements in
understandindamprey genetics andgpulation substructure of local, regional, and rangigle

population segments, developed an improved baseline for water quality and contaminant accumulation
in (RBlamprey, improved local and regional perception$atific Lampreyand provided leadershiin

the development and implementation of alternative forms of restoration (e.g. translocation and artificial
propagation) Table4-4). Based on regional and projeqiexific results (see sectie® and6), the CRITFC
aims to prioritize the following objectives:

1) Improve mainstem adult lamprey passage whidgh be critical to allowing migration
throughout theCRB in particular to upstream lations;

2) Improve passage within the tributary environment which will continue to allow limiting
factors to be identified;

3) Develop and improve alternative passage routes and strategies, such as adult translocation,
to maintain the presence of lamprey in upsam locations while mainstem limiting factors
are being developed;

4) Continue to understand primary limiting factors at the local level which requires the
presence of lamprey;

5) Develop, improve, and implement supplementation and restoration research assigtich
as artificial propagation and aquaculture to determine if feasible for future use;

6) Strengthen lamprey outreach and education at the local, regional, and national levels;

7) Continue to identify, evaluate, and monitor status, trends, and distribubitlamprey
within the upper reaches of their historic distribution.
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Table4-4. Summay of Program funded lamprey projectsonducted by the CRITFC.

Critical

Uncertainty

Threat

Project Name (Number)

Duration

Geographic
Area

General Conclusions

1) Radio telemetry was used to investigate the
migration characteristics and distribution of adult

References

Pacific Lamprein the Willamette Basin, and to Clemens et al.
Migration Characteristics and |f?sehnt|fy potential barriers to the migration of these ioﬁgi:;th :lex A
:ss;ttztag;;)fl_:‘ripl)rrz’;?mid Wihg;lnvgte' 2) Most adults held in one location during the late | Mcllraith 2013
Biology/Ecology Passage Willamette Basin: Prelude to 20092012 Middle ’ summer (Augu_st throug_h Sept_embef), and movec_j Cﬂef;eirmL
i B e tor Willamette spawning locations during periods higher flows wif %er otal
Persistence (200824-00) coolgr water temp_erature. Ma_mstem ho_ldlng ourier et al.
location occurred in most available habitat type ar| 2012
was not assciated with coldwater refugia.
3) Thirtyone dams were identified as potential
barriers to lamprey in the Willamette Basin.
1) Quantitative analysis of the factors that influenc|
lamprey carcass deposition. Suggests historic foo|
Relative roles oPacific . web subsidies were variable in form, fate, and Dunkle and
. Lampreymarine-derived Lower Yak!ma, phenology._ . . . Caudill 2016
Biology/Ecology Other nutrients in freshwater food 20152016 Upper Yakima; | 2) Restoration and marine derived nutrient (Appendix Gn
webs (2008524-00) Naches; Umatilla sgppl_ementa_ltion programs shpu_ld attempt to mim LMcllraith 16
historic subsidy diversity and timing to represent Mcllraith 2016)
the diversity of anadromous species and life
histories which fertilized spawning streams.
The Lost Fisfihe Struggle to Columbia River 1) Outreach and education video package that
Lamprey Status Lack of Awareness | SavePacific Lampref2008 20132015 Basin describes the plight dPacific Lamprewithin the The Lost Fish
524-00) Columbia River Basthrough a tribal voice.
1) Pacific Lamprelarval surveys were conducted in Mcllraith 2013
all seven of the adult translocation streams: Asotir| Statler 2014
Determining he Creek, Big Canyon Creek, Orofino Creek, Lolo Cri (Apge_ndix Dn
presencefabsence dPacific Clearwater; Newsome_ Creek, Wallowa River and the Sdwdghk | Mcllraith 2014)
Lamprey Status Passage Lampreyin the Snake River 20132016 Lower Snake Salmon River. Statler 2015
Basin(2008524-00) Asotin 2) Lamprey larvae and juveniles were detected in| (Appendix On
translocation streams but not corol streams Mcllraith 2015)
suggesting increased lamprey re¢rnent and Mcllraith 2016
distribution due to translocation efforts.
1) Spawningurveys were conducted in three
Willamette River tributaries. Redd counts ranged | Wyss et al. 203
Monitoring the relative Lower el redq§/km LI redds/Km). . CRHEEEL erldix Sf
abundance of ammeetes in Willamette: 2). LarvaPaqﬂc Lamprewere pqsﬂwely asspmated Mcllraith 2013
Lamprey Status Passage the Willamette River &sin 20112014 Middle ’ with depositional areas containing deep,_flne Schultz et al. _
(2008524-00) Willamette substrates, and particularly eéhannelhabitats 2014a (Appendix
(e.g., side channels, backwaters). Cin Mcllraith
3) Fish passage barriers limit access to lamprey | 2014

spawningareas in the Willamette RiveaBin.
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Critical

Uncertainty

Threat

Project Name (Number)

Duration

Geographic
Area

General Conclusions

REE S

1) Data indicate a lack of reproductive isolation
Stream and Mlcr_o_satelllte analysis on _Lower . among the dlffergnt mlgrato_ry clusters mafu_: Docker 2013
. Pacific Lamprefrom Willamette; Lampreyin the Willamette River, OR suggesting | ~— - -
Lamprey Status Floodplain il : 2012 iddl iasticity in mi behavi (Appendix Bn
Degradation Willamette Basin(2008524- Ml e some pastlcn_y in mlgratory_ ehavior. Mcllraith 2013
00) Willamette 2) Different mgratory behaviors were not
correlated with any genetic differences.
1) Adults spawned in a relatively small portion of
the spawning redds that were excavated anthrge
proportion of adults from both sexes deposited
gametes in multiple depressions.
2) Genetic pedigree reconstruction provided an
estimate of the effective number of lamprey
spawnersper-redd, a rate that can be used to inde] Schulz et al. 2015
Investigations intdacific lamprey escapement in ot locations where these| (Appendix Bn
s i Lower Mcllraith 201
tream and Lampreyspawning ecology Willamette: surveys are performed. C_LQ
Lamprey Status Floodplain and larval distribution in the 20122015 Middle 3) Development and evaluation of a lamprey grow| Whitlock et al.
Degradation Willamette River Basin, Willamette model provided a means by which to estimate lary 2016 (Appendix B
Oregon lamprey mortality, which can potentially be used t{ in Mcllraith 201
inform life history models foPacific Lamprey
4) Lampey abundance and distribution was
predicted in the Luckiamute River Basin using a
model fitted to existing field survey data from the
lower Santiam River Basin, and those predictions
were groundtruthed by sampling within the
Luckiamute River Basin.
1) Pollution from anthropogenic sources is ]
widespread in theColumbia River Baswith higher | Nilsen and Temple
concentrations of contaminates typically found in | 2012 (Appendix B
Lower i i in Mcllraith 2013
' . the lower portions of sub basins. Halogenated In Mclirai
Willamette; i i i Nilsen and Templg
Emerging and Legacy Middle compounds bioaccumulate in lamprey tissues and i
Contaminants in Larv@acific Willamette: found to be much higher in tissue than surroundin| 2013 (Appendix C
Limiting Factors Water Quality . e 20112014 . ' .| sediment. in Mcllraith 2013)
Lampreyin the Columbia River Middle Columbia . . Nil tal. 2014
. ; 2) The mat prevalent contaminants in larval Nilsen et al. 201
Basin(2008524-00) Hood; . : . Appendix Bn
Lower Deschutes: lamprey tissues were organochlorine pesticides ai L_
; | PBDE flame retardants. Mcllraith 201
Umatilla . . Nil t al. 2015
3) In sediments, the most prevalent contaminants| Nilsen et al. 201
were PAHSs, sterols, fragrances, and a chemical
solvent.
Heinith and
. e 1) Work elements for outreach and education, trib| 7Mcllra!th 2011
i M Vilo EEe Columbia River | and regional coordination, genetic and contaminali S
Limiting Factos Lack ofAwareness | LampreyRestoration Plan 20092016 Basin anal s?s and lampre as,sga e and distribution Mcllraith 2013
(2008524-00) Stu di‘é o O"f Y passag Mcllraith 2014
going. Mcllraith 2015
Mcllraith 2016
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Critical
Uncertainty

Threat

Project Name (Number)

Duration

Geographic
Area

General Conclusions

REE S

Passage

Passage

Assess the impact of irrigation
diversion screens on juvenile

lamprey in theColumbia River

Basin(2008524-00)

20102014

Laboratory

1) Lamprey ammocoetesere analyzed for
entrainment and impingement on a variety of
screen panels in a recirculating flume: interlock,
perforated plates, veital bars, 14uage wire cloth,
and 12 gauge wire cloth.

2) Entrainment and impingement varied between
the different sceen panels as well as the size of th|
ammocoetes.

3) Results indicate that wire cloth screens should
replaced, where practical, with perforated plate,
vertical bar, or interlocking bar screens to reduce
lamprey entrainment at water diversions.

Rose and Mesa
2012

(Mesa 2014
(Appendix En
Mcllraith 2014

Passage

Passage

Willamette River lamprey
researchsynthesis, spawning
biology assessment, and
putative barriers (2008524
00)

20142015

Lower
Willamette;
Middle
Willamette

1) Efforts to improve the passage of adult lamprey
at Willamette Falls should continue, because sligh
improvements are likely to draatically increase
larval recruitment throughout the Basin.

2) There is substantial evidence that barriers are ¢
primary factor influencing the distriiion and
abundance oPacific Lamprein the Willamette
Basin. Barriers downstream of larger and more
productive habitat patches should be given greate|
priority.

3) Studies oPacific Lampregcology in the
Willamette River Basin show very similar findings
those that have been conducted inhetr locations.
Becauséacific Lampregf various life history
stages are relatively abundant in the Willamette
River, it can serve as an important testing ground
for hypotheses about the ecology and manageme
of the species.

Schultz et al. 2015
(Appendix Gn
Mcllraith 2015

Passage

Passage

Monitoring streams
downstream of Willamette
Falls for PIT taggee@acific
Lamprey(2008524-00)

2014

Lower
Willamette;
Middle
Willamette

1) A small percentage (1% in 2014; 12% in 2015)
adult lamprey collected and tagged at Willamette
Falls, were detected in downstream tributaries (e.(
Abernethy Creek) suggesting that adult lamprey
migration behavior is flexible. Information
generated from this project pinpointed the fate of
PIT taggecdult lamprey that did not attempt to
pass fish ladders at Willamette Falls and contribut
to abundance and escapement estimates.

Mcllraith 2016

Population
Delineation

Small Effective
Populations Size

Population genomics dtacific
Lamprey adaptive variation in
a highly dispersive species
(2008524-00)

2013

Columbia River
Basin

1) Pacific Lampregxhibit minimal population
structure, but may have some adaptive genetic
variation.

2) Reonciles previous findings of population
genetic heterogeneity within a species that display|

extensive gene flow.

Hess et al. 20
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Critical
Uncertainty

Threat

Project Name (Number)

Duration

Geographic
Area

General Conclusions

REE S

1) 96 highthroughput single nucleotide

Hess et al2012
Mcllraith 2013

polymorphisms (SNP) assays were developed frol Hess 2014
Genetic monitoring usin total of 4,43 SNPs identified via a previous genon (Appendix A in
Sinale Nucleoti deg 9 study ofPacific Lamprein order to address four Mcllraith 2014)
Population Polgmor hism (SNP) genetic disparate objectives: parentage analysis, species | Hess and
puatic Other ymorp r) o 20122016 Laboratory identification, and characterization of neutral and | Mcllraith 2015
Delineation markers forColumbia River . D —=
Basinlamprey species (2008 adaptive variation. (Appendix A in
prey sp 2) Identified SNP markers provide an impaort Mcllraith 2015
524-00) - - .
resource to address critical uncertainties associat{ Hess and
with the conservation and recovery of this imperilg Mcllraith 2016
species. (Appendix A in
Mcllraith 2016
1) Through discussions with regional and
international experts, it was detmined that
. . artificial propagation foPacific Lampreis possible,
. First International Forum on . . - 2 .
. Small Effective . Columbia River | that there are appropriate existing facilities and Greig and Hall
Restoration . : the Recovery and Propagatior 2011 . . - .
Populations Size Basin resources in the Columbia Basin, and that 2011
of Lamprey (200%24-00) i
development of the knowledge base for an artificig
propagation and translocation plan in the Columbi
Basin needs to continue.
(1) Developed to initiate a regionally coordinated
and longterm RM&E plan directed towards the
implementation of supplementation and recovery
actions forPacific Lamprewithin the Columbia
Framework foPacific Lampre! River Basin
Small Effective Supplementation Researc‘; iny Columbia River (2) The Framework intends to standardize key
Restoration JIECUVE PP ano : 2015 . elements of supplementation RM&E so that findin{ CRITFC 2014
Populations Size the Columbia River Basin Basin . .
associated with status and trends and other
(2008524-00) ) L :
important oljectives can be reported in a common
and consistent format.
(3) Finally, the Framework provides specific
guidance for the development of subbasin
supplementation research plans
(1) Goal is to evaluate the feasibility of using
supplementation and aquaculture to better
understand and ultimately restor@acific Lamprey
o with emphasis on th€olumbia River Basin
Master Plan foPacific ) P . |
(2) Provide artificially propagated larval and juveni
Small Effective LETEIE ST NEE Columbia River | lamprey for research projects to evaluate critical
Restoration tridentatus) Supplementation, 2016

Populations Size

Restoration, and Research
(2008524-00)

Basin

uncertainties and limiting factors.

(3) Obtain a better understanding of basic but
important aspects oPacific Lamprefgiology and
ecology through the scientific process.

(4) Develop techniques, protocols, and equipment|
needs for a future conservation aquaculture facility
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4.2  Summary Maps
Inits review summary, the ISAR012)recommended that theSynopsis be revised to include a figure
showing project locationandtheir coverage with respect to the overall historical range of lamprey in
the CRBalong withthe conservation status for the areassessedn the Assessment developed by the
USFWS (Luzier et al. 201The maps belowHigure4-1 and Figure4-2) summarizeProgram funded
tribal lampreyprojectsand their spatial distribution withithe CRB over the past 3@ars.
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Figure4-1. Project locationsand their coverage with respect t@bundance trendof Pacific Lampreyn the Columbia River Basiasassessed by Luzier et al.
(2011).
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Figure4-2. Project locationsand their coverage with respect t@onservation statuof Pacific Lampreyn the Columbia River Basiasassessed by Luzier et
al. (2011).Conservation status designations are definedrigue 5-1.
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