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Guidelinesfor Trap & Haul of Adult Pacific Lamprey

Executive Summary

Anadromous lampreys are of conservation concern world{@btsmens et al. 2021Pne of the
primary sources of lost production is due to the inabdftgdult lampregto passhumanmade
obstaclegboth physicalamsandthermal/chemical barrierdloser et al. 2024). The adult life

stage includes lamprsyhat are no longer feeding and are actively migrating upstream, in fresh
water, towards spawning grounds (Clemens 2019). Hence, passage barriers can limit access to
adult spawning habitat and rearing habfor larvae (Clemens et al. 202The use of methods

to trap and haul adudthadromousampre)s past these obstacles or to remove them from
constructiorareas, is increasingly being used to reduce laasgsncreasaccess tavailable

habitat However, it is critical to evaluatghethertrap and haul operatiorsse a better recourse

than effortgo increase volitional passafg adult Pacific LampreyEntosphenus tridentatus

Trappingof adult Pacific Lamprey should only occur under the guidance of local federal, state,
and tribal biologists, using the appropriate statdribally-issued permits. In some situations,
trap and haul may not be advisable, due to ladkgit-quality upstream habitat or other
considerations. Where appropriate, trap and haul of adult Pacific Lamspgegerally conducted
at dans or otherartificial barriess wheretheyaccumulate during upstream migratidinaps can

be set outside of dam fishways, integrated fishway designs, or positioned at the terminus of
lampreyspecific fishwaysUpon collection, handling should be minimized to reduce stress on
both the lampreyand their human friend&ven soft dip nets and cotton gloves camo\e the
mucuslayer of individual lamprey, abrade their skimd expos¢hemto infection.After initial
capturenetbuckets(i.e., bottomlesducketswith a netattached at the bottom rgncan be used

to quickly and efficiently move lamprey to the transport vehicle aadiypde subsequent netting
While in the net buckets, lampiggan attach to the bucket walls and are more likely to become
guiescent.

Holding in clean, cold< 15°C (59 °F), well-oxygenated water after the initial capture can
reduce stress, particularly for long hauling operatiBngphylactidreatment withintra-
peritonealnjection of antibiotics can reduce the incidence of bacterial infection (Jackson et al.
2019).Hauling operations should monitor temperature and oxygen levels during transit and
preferably provide lamprey with wb(< 15°C [59 °F]) well-oxygenated (80 150% saturation)
water.A rule of thumb is to avoid densities miore tharl adult lampreyer4 L (1.1 galon).

Upon arrival at the receiving wateesdults can be dipetted from the transport tank into the
receiving streanPerforated PVC lining of the lower 1/3 of the transport tank can allow ease of
lamprey removal following tank dewateriagdreleaseof adult lampreycanalsobe facilitated

by a flume that allowthemto slide directly into the water without additional handling.

Genetic sampling has provided invaluable information on the successful reproduction of
transported adult® the Columbia River (Hess et al. 202022). Program evaluation in
Columbia River tributaries has alesedradio-trackingto document survival and distribution of
transportedampreythat are fitted with transmittefe.g.,PGE 2011 Jacksorand Moser 2012).
While the guidelines presented here are based primarityave than 25 years of trap and haul
operations fonativePacific Lamprey in the Cambia River drainagean even longer history of
trap and hauhas been employed by managers in the Laurentian Great Lakes to control
landlocked, invasiv&ealamprey Petromyzon marinysSiefkes 201y Case studies

Appendix Ahighlight these programs and others conducted with larapresidwide.



Trap and Haul GuidelinesMarch2026

Introduction

Anadromous lampreys are of conservation concern worldwide (Clemens et al. 20Hhprey
populations become increasingly imperiled, transportation of lampreys for restoration and
recovery {itrap and haul T & Hbt firanslocation) is an emergingnanagement togkee Table

2 in Clemens et al. 2021Both T&H and translocation move lamprey above barrier(s); however,
translocation refers to operations that move the lamprey many miles above the barrier(s) where
they were collected; T&H refers to moving lamprey just upstream of a single b@mef the
primary threats to anadromous lampreys is lost production due to the inability of adult lamprey
to access historical habitdts spawning and subsequent larval reaabgve humamade

barriers (both physical and environmental; Moser et al. @0&3bmebarriers include fish

ladders, but these ladders are often designed for other fish species and do not necessarily allow
for the volitional passage tdmpreyand thus can be complete or partial basrferg., LTWG

2022a). Volitional passage is preferred whenever possible, as discussed later in this document.
However, circumstances may call for the us&@&H or translocatiorof anadromous lampreys

past these obstacles to enhance or restore native productiortizmye.g., Hess 2022022

PGE 2011, Gepard 2019; Arakawa 20213s well as tonovethemaway from unsafe areas (i.e.,
construction areas, poor water qualfiyedator concentration argas

There are examples of T&H operations for a variety of lamprey species worl@eialé.amprey
in their native range along the Eastern United States and in Europe are of conservation concern
(Gephard 2019)Transportatiorof this species has been conducted in coastal rivers of
Connecticut, the Mondego and Voug&ersin Portugalo increase distributiarin the Dordogne
River of France native Sea Lamprey adults are transported to protect thenpfemtation by
Wels Catfish Siluris glanis L. Carry,Migrateurs Garonne Dordogne Charente Sektaace
Pers. Comn). Efforts to restore Europed&iver Lamprey Lampetra fluviatili3 have relied on
transport of adults to hatchery facilities and lasgale transport and releaseadtificially-
propagategbrogeny (Aronsuu et al. 2019n Japan, artificial propagatigegrograms to recover
severely depleted populations of Arctic Lamp(egthenteron camtschaticQmwere
implementedstarting inthelate 1970sand again intheearly 2000gArakawa 2021)Southern
Hemispherdampreys have also been trapped and lobtdeid passage over barriers in New
Zealand and Tasmani@acific Lamprey, the primary focus of this documéatye declined
throughout the Pacific Northwest aaceextirpated from many historical habitats in the
Columbia RiveBasinand elsewher@PLCI 2024).Much of thefollowing informationis based
on T&H and translocationperations foadult Pacific Lamprey at large dammsthe Columbia
RiverBasin

We reviewed methods developed over more than 25 yed&tbffor Pacific Lamprey in the
Columbia RiveBasin(Close et al2009 Ward et al. 2012; Hess et al. 2022, 2023is

program, originally conceived of and conducted by Native American tribal biologists, was
developed t@ollectadultsfrom mainstem Columbia River hydropower dams and move them
upstream from these barrieFor more information on tribal lamprey translocation programs, the
Pacific Lamprey Tribal Restoration PIGGRITFC 2025) andPacific Lamprey Supplementation
FrameworkCRITFCet al.2014)provide history and specifics of tribal efforts to restore native
lamprey.

The adult life stage includes lamprey that are no longer feegid@re actively migrating
upstream, in fresh water, towards spawning grounds (Clemens Z0&riginal tribal
operations moved adult Pacific Lamprey many miles upstream past multiple barriers (sometimes

2
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refertednabk CRIBFCet al.a0d4). Later, T&H was used in Columbia River
tributaries tanoveadultsupstream ok single, artificialbarrier(e.g, PGE 201}

As is the case for Pacific salmonid3ncorhynchuspeciesKock et al. 2020)T&H of Pacific
Lamprey(Figure 1)has been employed to accomplish a variety of objectives:

1 reintrodue adult pre-spawn lampreynto habitats above barriers to increase distribytion

1 augment populations above partialrriers, untilong-termvolitional passage can be
improved

1 increag larval production(by transporting adultsr larvae)to providelarval pheromone
cuesand thusncrease adult attraction

1 remove omprotect lamprey from unfavorable or potentially lethal environmental
conditionsor emergency situations (e.g., fishways failures or spill eyastpart of a
salvage or rescugffort (see LTWG 2Q0 for more information on salvagend

9 for research.

Figure 1. Adult Pacific Lamprey held in a transport container (Photo by M. Moser, Moserworks,
LLC).

Adult Pacific Lamprey returning to the Columbia River are often larger in general than adults
returning to other river systems along the West C@ast Figure 2 in Clemens et al. 2019)
SmallerPacific Lampreyadultsor adults of other lamprey speciasy have different swimming
abilities, migration timing, matationrates or other factors that should be considered when
applying recommendations from this docum&nyhile there are specific examples of T&H on
the landscapéhighlightedby case studieis Appendix A of thisdocumeny, there is limited
synthesis oinformation onlampreyspecific T&H.

The primary goal of this paper is to consolidate available information and resouitc&sion
operations tdnelp fisheries manageasd biologistghat are considering lamprey T&H and need

3
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information about the appropriate use of T&H for Pacific Lampfeythis end, wesummarize
the logistics of T&H programs, including thelevant biology of Pacific Lampreyrapdesign
andsiting, holding andhauling considerations, release methauaisl evaluation of program
successCase studies that describe specifictlomground projects are also includg@bpendix
A). This paper focuses on tlie&&H of adult Pacific Lampreypre-spawning adults in
freshwater)While our focus is T&H foradultPacific Lamprey, we include discussiand case
studieson other lamprey species and life stages to proviteadrange of understandingiake
resourceswvailable and promotavidespreadsharing ofideasthat can benefiamprey
management

This T&H document is one of several guideline documents developed by the Lamprey Technical

Workgroupfor PacificLamprey For greater detaibn related aspects of Pacific Lamprey
management, review tiieseother documents is highly recommendalli available on the PLCI
Lamprey Technical Workgroup websitgtps://www.pacificlamprey.org/ltwg

For biology habitatsand life history information
Comparison of Pacific Lamprey and Pacific Salmon Life Histories, Habitat and
Ecology(LTWG 2023.

Forbiology andfish salvage methods for lampreyscluding efishing:
Best management guidelines for native lampreys duriwater work(LTWG
2020).

For behavior, considerationsinformation and examples adult passag
Practical quidelines for incorporating adBkcific Lampreypassage at fishway
Version 2.0(LTWG 2022a)

Barriers to Adult Pacific Lamprey at Road Crossings: Guidelines for Evaluating
and Providing PassageTWG 2020)

Forinformation ondownstream passage of early life stages:
Review of factors affecting larval and juvenile lamprey entrainment and
impingement at fish screen faciliti@sTWG 2022).

Comparison of Volitional Passagevs. Trap & Haul

Allowing volitional passage aidultlampreycan bemore cost effectivdess invasiveand more
likely to approximate natural dispersal pattethren T&H. For example, retrofitto make a
barrier orfishwaypermeable to lampreagquire initialinvestmentsbut long-termoperation and
maintenance costs are minimal compareprtdongedT&H operationsLampreythat pass
volitionally do not experience stressors associated with capture, handling and tré8tspsstof
handling and concentration of adults for holding and transpait increasesusceptibilityto
diseasepathoges andtherebyincrease risk oflisease dispersé@lolley and Lujan 2019)

Volitional passagellows for natural migrationiming and habitat/mate selectiomnless dam
passage is only possildler some members of thrigrating population (e.g., the largekeefer
et al. 2009 or during some times of the year (eduring high waterJackson and Moser 2012
T&H may compress passage into shorter windows of tn@shabitatuse andconstrairmate


https://www.pacificlamprey.org/ltwg/
https://www.pacificlamprey.org/wp-content/uploads/2023/08/LTWG-Restoration_Lamprey-Salmon-Comparison_030823.pdf
https://www.pacificlamprey.org/wp-content/uploads/2023/08/LTWG-Restoration_Lamprey-Salmon-Comparison_030823.pdf
https://www.pacificlamprey.org/wp-content/uploads/2024/03/2020.05.04-Lamprey-BMGs-Final-2022-with-appendices.pdf
https://www.pacificlamprey.org/wp-content/uploads/2022/08/2022.06.06-Lamprey-Psg-White-Paper.pdf
https://www.pacificlamprey.org/wp-content/uploads/2022/08/2022.06.06-Lamprey-Psg-White-Paper.pdf
https://www.pacificlamprey.org/wp-content/uploads/2022/02/LTW_2020_LampreyPassage@RDXings_Final_062920.pdf
https://www.pacificlamprey.org/wp-content/uploads/2022/02/LTW_2020_LampreyPassage@RDXings_Final_062920.pdf
https://www.pacificlamprey.org/wp-content/uploads/2022/10/Review_of_Factors_Affecting_Lamprey_Entrainment_Impingement__2022.pdf
https://www.pacificlamprey.org/wp-content/uploads/2022/10/Review_of_Factors_Affecting_Lamprey_Entrainment_Impingement__2022.pdf
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availability. T&H programshoulduse data on lamprey behavior, migration timing, habitat
selection, andex ratie from the location of interest or from nearby locatimansure the
successful survival and reproduction of tizorsedlamprey

As in salmonids,ransported lampreyoald experience higher rates of pspawn mortality due

to stress or predatidiiKock et al. 202Q)However,adultPacific Lamprey that are volitional
migrants can also be exposed to elevated predation at dam spillways or in narrow fishways
where predators can congregate (CRITFC 20@®)lethal effects of T&Houldinclude

delayed or aborted spawning, fallback, and failureotmpletemigraion, depending on how
T&H is implementedClabough et al. 2015).

Concerns have been raised th&H couldinadvertently create genetic bottlenecksichmay

occurif strong trapping biaselects for certain traithe samean berue for volitional passage
(e.g.,if a barrier is only permeable to a segment of the migrating populaaaific Lamprey

do not appear to home to their natal stream, but genetic analysis has revealed that traits such as
life history type, ruaiming and adult body form exhibit adaptive variation thagesetically
controlled(Hess et al2014 Parker et al2019). Moreover, T&H programs thaselectively

remo\e fish from the donor populatiocould have effect®nthe fithess oboth the donor and
transported populatie{Ward et al. 2012

Unidirectional passageccurs when onladultlamprey are safely passed upstreamdnwae
andjuveniles have no safe downstream passage route. In these situations, both volitional
migrants and’ &H populationswould experienc@ooroutmigrant succedsecausdarvae and
juveniles experience high mortality during downstream passgeeproduction is lost to the
adult lamprey that successfully spawn upstream from barriers to outmigrant passage. Risks to
outmigrants include, but are not limited to, screen impingement, turbine mortality, irrigation
entrainment, and/or high avian predatadriailrace boil§Moser et al. 2015%).

In some cases, T&lhay bethe onlylong-termpassagealternative omanacceptable shoterm
solution.At some highheadbarriers there isinsufficientspace foconstruction ofamprey
friendly fishways. Lack of funding often limits the ability to retrofit fishways for lamprey or
provide lampreyfriendly new constructionEven if funding and space are available, lack of
larvaeupstream of the barri¢o attract the adults and/or inadequate attraction flows may limit
lampreyuseof an existingfishway. In such casedisheries managers may decide th&H is a
necessaryool to increase the upstream lanlamnpreypopulation size while barriers are being
fixed or removedHess et al2021, 2022 2023.

While there are methods to obtain counts of volitional migrdi&s| provides a unique

opportunity to monitor program succeBy completely controlling upstream passage, it is
possible to count every individuampreyentering the previously inaccessible area and collect
genetic sampled.ater genetic analysis for parentage of offspring lanhl relateenesscan

provide estimates of successful spawner numbers and the conditions that led to recruitment of
offspring, as in Hess et a{2021, 2022 2023. These data can provide insights into all aspects of
successes and failures aindorm adaptive management.

T&H alsoprovides the ability to quickly respond to emergency situasoich as fishway

failures, water quality degradation or natural disasteraater constructiofe.g., channel
restorationmay also requireelocatinglampreyout ofthe construction areaspecially if it is to

be dewatereLTWG 2020). Other cangerous environmental conditions for lamprey can occur
when low discharge, extremealyarmwater temperatures, and/or dewatering operations threaten

5
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pre-spawning adults or larva@ften these conditions occur in artificially managed systems
where watewithdrawaloccurs simultaneously witlow flow and high temperature in summer
and in impounded reachf@sedtke et al. 2023)The risks of leaving lamprey in such hazardous
environments may outweigh those of T&Fgure?2). Additional information and techniques for
salvaging lampreys are providedthe documenfiBestManagemenGuidelines forNative
LampreysDuring In-waterWorko (LTWG 2020).

Figure 2. Stressed lamprey captured during an extremely turbid water quality event in the
Umatilla Riverof Oregon(Photos by A. Jackson,o@federated Tribes of the Umatilla Indian
Reservatioh

Finally, T&H is often needed for researahd caralsobe usedo jump start a populatioof

lamprey Radiotelemetry of tram®rted adults can provide insights irdspersal andpawning

site selection in areas where lamprey currently do not have aecgsBdvid 2025. Following

dam removalsT&H of lamprey intoupstream areas caxpediteattraction of prespawning

adults which are attracted by both larval migratory pheromones and adult male sex pheromones
(Moser et al. 20115 Hess et al. 2021Yhile lamprey can naturally colonize streams where they
have been extirpateé.g.,Jolley et al. 208; Moser and Paradis 201Rgid and Goodman 202
Hess et al. 2021 T&H of lampreycanspeed recovery afttlumancausecr natural disasters
(e.g., 2025 PetroCard petroleum spill in the Elwha drainbgeker Truck Spill into Indian

Creek- Washington State Department of Ecolhgh&H of adultlampreyinto upstream areas
canexpediterecovery and provide insights into the ability fbemto use damageakr previously
inaccessibldabitas following restoration action@Hess et al. 2021).

Evaluating the Need for Trap & Haul

Evaluating the need far&H at a particular barrier @eries of barriers is a significant
undertakingPractitioners are encouraged to think carefully through the biological, scientific,
logistical, and fiscal ramifications @i&H. They are also encouraged to communicate clearly

and make decisions with fisheries managers from other organizations to ensure procurement of

6
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necessargcientific take permits, maximization of critical thinking anttimately, program
successConsulting local biologists familiar wittamprey migrations and behavionialuable
andhighly recommended

The following liss informationneeded taletermine ifT&H is appropriate

Species life historand mgration timing(seasonal andaily),
Current and historical distribution

Quality and quantity of upstream habitats
Donorpopulationstatus

Upstream hrrier type €.9.,completebarrier orpartialbarrier, seasonal or other
constraint such as only the largest fisanpass)

Available downstream migration routescomplete life cycle
Barrier ownership and accessibility

Permitrequirementsnd potentiathallengedo obtaining permits
Other species consideratiofesg., predato)s

Timeframei how long are T&H operations needeahd

Potential costs and funding opportunities

= =4 =4 -8 A

= =4 8 4 -8 -9

The following paragraphdiustrate these needandprovide some example scenarios
A clearly stated program objectivand timeframeis necessary

Hypotheticalscenario There is a water quality crisis and the immediate need to movavish
from apotentially lethal high temperature or pollutant expos@umnclusion: T&H, as part of a
salvage operatiofsee LTWG 208), is an obvious solution in this case, as there is no time or
space to implement volitional passage around the environmental hazard.

An understanding of lamprey migration motivation and barrier permeability is needed.

Hypothetical senario:A barrier or series of barriers provide insufficient passage to achieve
management goalElpstream presence of adults and larvae provides strong migration
motivation.While not immediately available, funding to retrofit the barrier(s) is possible.
Conclusion:T&H could be used asstop gap measure@asurehat production continues in
upper areas whilpassage improvemerdase implementeddowever, the goal to eventually
improvevolitional passagshouldnot be inadvertently replacedfopted by focuen T&H
operatiors.

The availability and quality of upstream spawning habitaust be assessed.

Hypothetical senario:A high-head barrier with no possibility of lamprey passage is situated at
the lower end of a watershed with many miles of prime lamprey spawning ha@bédiarrier

can be operated in a way to minimize downstream passage mortality of larval and juvenile
lamprey.A long-term commitment td&H funding is available and there is the ability to assess
efficacy of the T&H effort in terms of increased productiGonclusionA T&H program with

an adaptive management approach could be adaptassess theenefitsof T&H and potential
alternatives

The size of thelonor population should beguantified to allow cost/benefit analysis.

Hypothetical senario:A series 6 dams winnowshe number o&dult lamprey accessing the
upper portiorof a drainageThe uppermost dam is impassable and provides no safe passage

7
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alternatives for emigrating juveniléa/hile there is limited spawning habitat above the
uppermost dam, there is also some suitable habitat below th&daiusion:A T&H operation
may not be warrantedt this locatiordue to the small size of tli®norpopulation below the
uppermostiam and the likely losses of both adults (due to transport stressors) and their
outmigrating progeny.

RelevantPacific Lamprey Biology

Knowledge of lamprey biology is needed successful &H . Pacific Lamprey are the largest
species of anadromous lamprey native to the Pacific Northidettiled descriptiosof their life
historyareprovided elsewhere (see Close et al. 2002; Clemens et al. 2010; Dawson et al. 2015)
but some aspects of their life histqRigure 3)are particularly relevant t6&H implementation
Pre-spawning adults migrate from the ocean to spawning grounds in freshwaterlosers

weight, and can hold in freshwafer 1-3 years prior to spawning (Moser et al. 201 Pre

spawning adults are attracted to spawning grounds by both larval migratory pheromones and
adult male sex pheromones (Moser et al. Bp15olding habitat variesut adults are often

found in deep, swift water seeking refuge within coarse subdtedeock crevicesock

revetments, or blarge woodLampman 2011Clemens and Schreck 2021

Spawning generally occurs in the spring aady summer, butiming depend®n water
temperaturelatitude andhelocal hydrographQtone 2006; Gunckeit al. 2009; Clemens et al.
2010). Relatively low flows and warm water temperatures are associated with earlier spawning
(Clemens et al. 2009, 201 6glatively high river flows and cool water temperatuwas be
associated witslowed migration anthter spawning periods (Brumo et al. 20@%emens and
Wagner 202% timing vaiesgeographically.

A major concern in some&&H operations is the reproductive readiness of transported fish and

the gender ratio. Pacific Lamprey females can spawn with multiple males, and males can spawn
with multiple females Johnson et al. 2@). Therefore, unequal numbers of each sex is not

always a major problem. Identification of lamprey gender prior to development of secondary
sexual characteristiés challenging. Use of blood chemistry and fiade ultrasound

technology is currently being investigated and holdsespromise for helping researchers to

ensure adequate sex ratios that will allow for successful spawning after release (J. Nagler,
University of Idaho, Per€omm).

The life cycle of Pacific Lamprey requires migration corridors in rivers for both upstream
migrating adultgClemens and Wagner 2024nd downstream migrating larvae and juveniles
(Moser et al. 2015rigure3). Information about viding passage for downstream migration is
outside the scope of this papkut adequate downstream passage is an important consideration
prior to initiating T&H above a barrier

Adult Pacific Lamprey are primarily nocturnal atehd tomove low in the water column along

the river bottom. To rest, lamprey will often attach to rocks or other smooth surfaces (including
metal, concrete, or glass) using their oral disc mouth. Thefreaswimin the water column
butalsouse burstandattach locomotion to move forward, allowing them to pass through some
areas that haviasterflows than lamprey sustaineslvimming speeds (Reinhardt et al. 208

Adult Pacific Lamprey caalsoascend wied surfaces that are vertical or at steep angles using
this burstandattach locomotion (Reinhardt et al. 2008; Kemp et al. 2B€6k et al. 201Y. In

recent yeardamprey passage systeansd wettedvalls have been designed, fabricated, and
installed inareasvhere congregations of lamprey were obserdéatse structures either
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terminate in a trap for collection and transporpmvide anexit ramp forvolitional passage

(eg., Moser et al. 203Zobott et al. 2015; Moser et al. 2GtATWG 20223 Additional

discussion ofampreyswimming and climbing abilities and behaviors in fishways that can assist
in the collection of adult Pacific Lamprey is presented in LT{R&23.

Prolarva Larva
~ 2 weeks Filter feeders
) 2-10+ vears
g b
Egg \
~2 weeks

Spawning
Spring - summer,
die after spawning

d Transformer/Juvenile
PaCIﬁC Lamprey Begins summer - fall

Entosphenus tridentatus ~6-9 months

Life Cycle epmrmassme

5-20+ year lifespan

Adult
Migration and holding
~3 months-2+ years

Migration to J uvenile )

Fiaahwirae QOcean lifestage, ectoparasite
< >

1-7+ years

Migration to the
Pacific Ocean

==y,

Illustrations by Monica Blanchard

Figure 3. Pacific Lampreylife history cycle lllustrations by M. Blanchard, Washington
Department of Fish and Wildlife.
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Trap and Haul Methods
Trapping

Adult PacificLampreyhasbeen capturelly handsince time immemorial for tribal consumption
in the Pacific Northweg{Close et al. 2002)n more recent timgdampreyspeciehavealso

been capturetbr commercial fisheriem the U.S and worladvide (Almeida et al. 202) and for
research t@ontrol invasive Sea Lampray the Great Lake&Schuldt and Heinrich 1982; Radtke
and Kuczynski 2020; Miehls et al. 2021; Holub et al. 2022). Some of these Sea Lamprey trap
designs have been modified for use with Pacific Lamprey.

Generally freeeswimmingPacificLamprey are trapped in riveor streams at cgregationareas

or trapped within existing fishway# fishways trapsare designed toot hinder passag#

other species while taking advantage of fishway features to imf@m@eycollection.
Traditionally, lamprey traps (sometimes called eel pots) were of a baffled design (Figure 4)
similar to a large minnovrap style constructio(e.g.,Portuguese and Swedish commercial
fishing gear Almeida et al. 2021). These trap® @ometimes deployed at the base of a barrier to
increase lamprey encounters with the trapiematovecollection success.

Figure 4. Traditional lamprey pab r At u b ephdtabyaRy lcamgmiare(kima Nation
Fisherie$, right photoby G. Silver (®lumbiaRiver Inter-Tribal Fish Commissior). Traps can

be either double funneled (especially if lamprey are likely to approach from both directions) or
funneled on one side with a removable lidtoa other

For many T&H operations, trapping is conduciadnediately belowthe dam that is preventing
volitional upstreanpassag®y adult lampreyConsequently, adult lamprey are concentrated at
the dam base, near fishway entran@gsresent) andsometimesvithin fishways(e.g., where
difficult passage conditionmayprevent lamprey from successfully navigating the entire
fishway) Effective sites for deploying traps caftenbe determined by observing adult lamprey
congregabns at nightwhen they are most ae¢. Adult PacificLampreywill climb walls and

be visible at the surface when they are blocked and are seeking a route ugdtesssmare good
places to site a trap.

10
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Collection operations have alsaccessfully used traps that are integrated into fishways at dams
and take advantage fishwayinfrastructure (Figure 5). For example, in pool and weir style
fishways, a trap can be positioned at the crest of a weir so that lamprey moving

Figure 5. Lamprey traps deployed either at the base of a barriergheftp byU.S. Fish and
Wildlife Service or integrated into a fishwayig¢ht, photo byPortland General Electdic

along the wall and over the weir will encounter the trap entrance (Moser et glLI00G

20229). Blocking thelower orifice openings at the base of the weir can fonoeelamprey to
move upward and into the trap at night when othigiratory fish specieare not activeThese
trap designs are oftgositionednear a power supply to allow operation of a mechanical,hoist
which facilitates trap retrieval For manual haul back, a davit can be positioned &dishway
railing to allow use of a chain hoist or other mechanical advantage.

Other trap operations damsmake use of structusespecifically designetb attractampreyand
exclude other species.@.,Moser et al. 2011 Suchlampreyspecific structuresan bdocated
wherelampreycongregad: inside a fishwaye.g., Moser et al. 2@4), in attraction water or
auxiliary water supply channels (e.g., Moser et al. 20drladjacent to a fishway entrande (
Jackson, Confederated Tribes of the Umatilla Indian Reseryatipublished datal hesemay
feature a series of wetted ramps and rest bates known asamprey Passage Structure or
LPS Zobott2013), tubdike designs (Goodman and Reid 2017) or a wetted wall (Frick et al.
2017) that terminasdn an easily accessed trgigure6).

Fishways in the Pacific Northwesave largely been designed to pass anadromous séngon
Clay 1995; Keefer et al. 2010; Kirk et al. 2016; Silva et al828kefer et al. 2021 Unlike
salmonidsPacific Lamprey are not adapted for passing some of thevieiglity, highly

turbulent features common tioesefishways (e.g., Moser and Mesa 208@id and Goodman
2016 LTWG 2022). Due to the difference in swimming behaviors between Pacific Lamprey
and salmonidgshe aforementionedttributes of fishwayandlack of smooth continuous

surfaces fofampreyattachmentancreatecomplete or partidbarriers to upstream migratiar
adultPacific LampreyKeefer et al. 2010; Goodman and Reid 2017).
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PacificLampreymay not be able to enter a fishway due to high velocities and lack of attachment
surfacesln such instancestapping within the fishwawvill notbe productive.Efforts tofix the
entrance and other problematic passage a®asstream fronthe trap location is necessary
otherwisethe trap(or trap entrancemust be located outside of the fishwHyadult Pacific
Lampreyare congregatingist below fishwayentrances, placing the trémr entrance to the trap)
adjacenbut outside of theishway entrances recommended

Alternatively, lampreymay be able to entarfishwaybut are blocked bgn area of high

velocity, turbulence or lack of attachmesitesin the fishway Lamprey may congregate at these
blockageswithin the fishway andonceknown trags or trap entrances can bited at these areas

to collect upstream migrating lamprey=or example, lamprewere found to havdifficulty

passing througthe serpentine weir sectiaat Bonneville Damwhich was immediately above a
counting station where the ladder width was narrowed by pickes.|&&anylampreyfell back

below this sectiomndmovedinto theauxiliary water suppharea behinqupstream ofjhe

picket leads, where other fish could not enter. Installation of a ramp (LPS) in this areagrovide
an attractive route where lamprey could be collectedvatitionally pasedover thedam

(Moser et al. 2011)

Whenintegrating a trap intan existing fishwaythere areseveral measures that canused to
potentially improverap entrance conditions atrdppingefficiency (LTWG 2022):

1 Ensuresmooth continuous surfacase available folampreyattachment and use of burst

and attach locomotion, particularly lmigh velocityareas

Reduce turbulencandprovideunidirectionalflow.

Ensure fAfal se adtréessedyensurioghatgapsietvaes pickatsare

appropriately spaced to prevent lamprey from entetarggerareasor thosewith no

passagée.g., Moser et al. 20081 some cases, where adult Pacific Lamprey are smaller

(e.g., along the coast), the gapay need to be as little as 1.3 dib(inch LTWG

2022a).

1 Consider modifying fishway operatioas night when lamprey are active and other
migratory species amot, such asaducingfishwayentrancevelocitiesand lightingat
night (e.g., Johnson et al. 2012)

1 Consider addingollards, large rock placements or other features which provide a
favorable hydraulic path tguide lamprey tdhe trap entrancge.g.,Moser et al. 209a)

1 Consider the addition of rest boxes within the fishway to provide shelter during daylight
hoursfrom predation (e.g., otters, sturgegparticularly ifthe fishway is long and
lampreyare not likely toaccesghe trap entrance withionenight (e.g.,Moser et al.
2021b).

The above concepts are discussed in greater defaihiical Guidelines for Incorporating

Adult Pacific Lamprey Passage at FishwldyEWG 2022a). If you are considering using a trap

within a traditional salmonid fishway, pleasder to this documen©Once in a trap box, lamprey
arefescape artisb. Thereforeusefykes,baffles, brushedrapdoors or oiwhgr vadne s o
that prevent lamprey from leaving the ti@gure 6) Trap exitscan alsdoe fitted with

perforated plates or mesh tubing to prevent lamprey attachment on exit slides.

1
1
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Figure 6. Trapping adult Pacific Lamprey from a Lamprey Passage Structure atNHecEalls

Dam, Umatilla River, Oregon (Photos by A. Jacksoonfederated Tribes of the Umatilla Indian
Reservation, left and upperright The | ower rigiwtayphvalt eoevshdwhean
cone) within the 3Vlile Falls Dam LPS that prevents lamprey from returning downstream (Photo

by M. Moser, Moserworks, LLC).

Holding

Forholding and hauling of lampreys, tf@lowing recommendations are updated fromM/NVG
(202Q pp. 1516):

1 Maintain the holding and transport container water temperature witHi@ ¢2°F) of the
release location water temperature to prevent temperature shock to the |&Bgwey
acclimation is recommended (<28 [5 °F] per hour) to minimize stress and maximize
survival

1 Keep water temperatures cool (<°IB8[64 °F]). Use ice made from source river water or
frozen sealed containers of icepdssible Natural pure salt (8 5 ppt) may also be used
to reduce stress for longer transports (codirh

1 Monitor water temperature and dissolved oxygen regularly and make changes as needed
to ensure water quality parameters are adegDa&eolved oxygen levels can be
maintained using air stones with batt@gwered aerators or from oxygtmks and a
regulator.

13
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Hold lampreys in flowthrough water as much as possible

Lampreys prefer dark environmetdscover to darken containers

Densities ofadultlampreyfor transporshouldgenerallynot exceed fish for each 4 L

(~1.1 galon) of water.In general, hlding densities should not exceed 60 kg/1,000 L

(132 Ib/ 264 gallons) or ~150 individuals/1,000 L (~264 gallons) in cold, flow through

conditions (Moser et al. 2019)owever, as water quality deteriorates, lowering the

density of lamprey per volume is recommended.

1 Equip holding and transport containers with aerators to ensure dissolved oxygen levels
are neapr abovesaturation.

1 Provide smooth surfaces for lampryachment with their sucker moutis/oid using
containers with only megfsuch as laundry bagej perforated metal screen surfatieat
do not allow lamprey to attach and rest

1 Pacific Lamprey can easily climb up the container wdlls prevent escapes, seal

container tops with continuous mestsolid, clampeedlown lids.Allow room for adults

to attach out of the water (1B cm [45 inches]) near the top of the containghichwill
keep lamprey calm if water quality conditions start to deteriorate.

= =4 =

Prior to hauling, dult Pacific Lamprey benefit from a period of holding in quiet, fitwough
tankswith cooltemperatures and high water quality (T. Sween, Nez Perce Pebg, Comn).
For Pacific Lamprey transported upstrelayrtribal biologistsin the Columbia and Snake rivers,
a marked decrease in mortality occurred when adults were allowed to rechatrhery tanks
supplied with cold, welbxygenated watdpr several dayafter trapping at Bonneville Dam
(Columbia RKM235; Close et al. 2009; Wd et al. 2012 In early years othis program,
lampreywere either immediately transportegstreanafter trapping or were held in suboptimal
conditions(i.e., turbid, warm> 20 °C [68 °F] river wate) until crews were able to pick them up.
Now, holding anksinsidethe Captive Brood Buildingatthe ODFW Bonneville Hatcherare
supplied withcold, cleanwell water(<10 °C [50 °F]; Figure 3. Use of this holding facilithas
reduced the mortality rate to near zero

Tribal biologists have extensive experience with kergn holding of adult Pacific Lamprey
used forT&H, translocation (e.g., Close et al. 2009), overwintering and release, or use in
artificial propagation (Moser et al. 2a3;9.ampman et aR021). Whendaily average water
temperatures approach 22 °C (71.6 teytion should be used to ensure safe handling and
successful T&H. Whemaximum temperatures a2d °C (75.2 °F), conditions are approaching
known mortality thresholds for lampréglemens 2022CRITFC 2023.

Holding densities should not exce@@ kg/1,000 L(132 Ib/ 264 gallonsyr ~150

individuals/1,000 L(~264 gallons)n cold, flow throughconditions (Moser et al. 2019b).

Densities should be reduced when water temperature is,&@adiish are stresseftressis

often signaled by pale coléespecially in the ventral regigrigthargy, and increased rate of gill

pore pumpingdMoser et al2023; M. Moser, Moserworks LL®ers. @mm; eg., Figure2).

Stressed lamprey adults will also climb out of the water by attaching to the container sides above
the water surface.
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Figure 7. Pacific Lamprey holdingank atth€Or e gon Depart ment of
Bonneville Hatchery Captive Broodstock Buildifagility used for theCRITFC-Tribal
translocation prograrfPhoto by G. Silvey Columbia River InteiTribal Fish Commission Note

screened inlet and outlet pipes to prevent lamprey escape.

Figure 8. A perforated holding box used to acclimate Pacific Lamprd3oitlandGeneral
Electricd Blorth ForkClackamasgish ladder prior to nighttime releaseam David 2023.
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High flow rates ofwell-oxygenatedvater (with completevater turnover in 25830 min) or

natural spring water (19 L/mir-5 gallons/min] can aid recovery after trapping (Lampman et al.
2021). It is always a good idea to aerate the holding water with a set of air pumps that are
independent of the water delivery system, so that holding water does not become anoxic in the
event of a pump faile. In general, backps and redundancy of equipment is recommended to
prevent delays, injuries and mortalities.

Holding adult lamprey after trapping can also occur in the river, stream or fishway where the
adults are trapped (Figure 8). Floating net pens with secure lids are firmly anchored aretlaccess
with dipnets for lamprey retrievalt is important to ensure that thereesuitable surfaces for

lamprey to attach to inside the net pen (e.g., atl@dexclusive use of net matejialhis

method has been employedPgrtland General Electric (PGE) staff in Oregon for extended
holding/recovery of Pacific Lamprey (David 2023).

Hauling

Many of the guidelines for holding apply to hauling (LB/&Z020). Various aspects of holding
can be stressful to fish (Portz et al. 2006¢thods to reductsh stress during transport are
reviewed by Harmon (200@nd emphasize the need to minimize stress by controlling density,
reducing handling, keeping water temperatures low, and prowiisglvedoxygen As is the
casefor holding,limiting densityto 1 lampreyin 4 L (1.1 gallons) is generally recommended;
however, as water quality deteriorates, éoiwg the density of lamprey per volume is
recommendedExperienced haulers the Columbia River limitensity to150 fish per 1000 L

(264 gallons), which is one fish per 6.7 L (1.8 gallons).

Most ofthe recommendatiorfer hauling finfish (e.g.Harmon 2009apply toadultlamprey

transport with a few exception&dult lampreydo notfeed during prespawning migration, so
concerns regarding ammonia &odd waste build up in transport tanks do not applglike

most other fishedamprey require some surface to attach with their oral disc to reduce stress and
allow them to reach a quiescent state in the transportTaekproblem is that when they attach,

it is difficult to get them to release without creating further sti®sg. solution has been to line

the lower third of the tank and its bottom with perforated PM&foratedmetal plateor Vexar

case lineto prevent attachment when the water level is lowgradr to release (M. Synbal,

U.S. Fish and Wildlife ServicgPers Comnm).

As is the caswiith other fishesmovinglampreyfrom the holding area to the transport tank can

be more stressful than te&ress caused lisansportHarmon 2009)Consequently, minimizing

the duration and intensity of handling stress is paraméuatr | ampr ey, col |l ecti o
bucket o suspended i n thetime out of wates gmdcoritact with th& nemi ni m
(Figure9). This transport system allows the lamprey to attach to the rim of the bucket when the

bucket is dewatered (througletdipnet attached to the bottomless bucl&d)ting and holding

fish in net buckets also redwtde number of times freewimminglampreymust betransferred

by dipnet from one container to anotheprocess that can take a long time and skaessrey in
thereceivingtank.When resuspended in the transport tankt bucketisageallows lamprey to

attach during transpqmprovides good water exchangedreducesstressat releasdy

eliminating the need fadditionalnet captureThis method also provides the opportunity to sort

fish into separate buckets for release in multiple locatibaesired

Hauling is typically conducted using insulated tanks on dedicated transport trucks or trailers
(Figure 10). Oxygen bottles with regulators are used to sgiarate the water in tanks (80
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| 3uls

Figure 9. Use of net buckets for shesrm holding (while collecting from a trap, left) and short
transport to and from transport tank (Photos by G. Siwelumbia River InteiTribal Fish
Commissiof. Buckets with lids can be suspended in transport tank water to eliminate the need to
net at each transfefhe net buckeinnovation(right) was designed by Raymond Ellenwood

(Nez Perce Tribe)

Figure 10. Insulated tanks on dedicated trucks or trailers used for hauling Pacific Laatuiéey
(photos by R. Lampmaryakama Natioh
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150% dissolved oxygen saturation), to relieve lamprey stress during transport. In addition, water
from the receiving water body can be frozen to allow for cooling in transit and simultaneously
allow the lamprey to acclimate to the water chemistry of thtem@dy where they will be

released (Figure 11). Frozen tap water can be used if there are no options for using frozen river
water (although it is important to beware of chlorine contamination). The use of rock salt (up to 5
ppt) or a sea salt substitudan also reduce osmoregulatory stress and help with control of fungus
and other potential pathogens while lamprey are in transit. Stresscoat® (e.g., API® Fish Care;
0.5 ml/~4 L [1/8 tsp/gallon]) and/or a low dosage of anesthetics (~20% of the concenisation

for sedation) can be applied to the tank water to help reduce the impact of handling, transport
stress, and hyperactivity (especially if other means of reducing stress are not available or
successful).

Figure 11 Receiving water frozen in 20 (5-gallon) buckets (left) can be used to cool lamprey
during transit to reduce stress. Ladder (right) is critical for accessing tanks in transit (Photos by
R. Lampmanyakama Natioh

Releasing

Minimizing handling after transport is paramount to the success of T&H and translocation and
the subsequent ability of the lamprey to successfully spawn after release. If possible, a chute or
flume to directly release fish at the release site withoutiaddithandling is easier on both

lamprey and biologists (Figure 12). Additionally, the bottom of the transport tank can be lined
with perforated PVC and sloped to allow fish to slither out when a gate at the tank exit is lifted.
Holding fish between transpt and release can also reduce stress, help lamprey acclimate to new
water quality conditions, reduce fallbacks, and protect adults from predation when they are
disoriented following their release (T. Sween, Nez Perce Tribe, Pers. Comm.; Figures 7 and 8).

Adult Pacific Lamprey are nocturnal and most capable of avoiding predation and resuming
migration when released at night. Unfortunately, this is often logistically difficult to achieve for
the human crews involved. Holding lamprey in a darkened trap libr atlease location that
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has a small escape hatch can allow adults to volitionally escape when they are most active and
least likely to be disoriented. Releasing lamprey into an area with moderate flow can help adults
to orient more quickly and find their way into the river thajwEigure 12).

Figure 12.Release flume used I§onfederated Tribes of the Umatilla Indian Reservasiafi

(left) and dipnet release of adult Pacific Lamprey. Note gold color of stressed fish (right) in this
emergency transit scenario (Pholby A. JacksonConfederated Tribes of the Umatilla Indian
Reservatioh

Monitoring and Evaluation

A key component of any T&H program is the appropriate evaluation of survival and

reproduction of transported lamprey. For adult Pacific Lamp&ay andtranslocationin the

Columbia River Basin, a Supplementation Research Framework was developed to guide these
efforts CRITFC2014). The framework explicitly requires genetic analyses to track genetic
diversity and the fithess consequences of Tatd translocationAlthough Pacific Lamprey are
capable of high levels of gene flow across most of their ranganiportant to maintain any

local diversity to preserve adaptive genetic variants that respond to localized conditions (Hess et
al. 2013). Hence, collection protocols should be cognizant of the need to maintain the diversity
of donor stock (Ward et al022). Ths need isalso explicitly stated ifable 6.3 othe Oregon
Department of Fish and Wildlifebés Coastal, Co
Lampreys in Orego(ODFW 2020)

9 AAddress limiting factors in the basins receiving adults
1 Provide and improve downstream passage and screening to maximize downstream
escapement of larval and juvenile Pacific Lamprey
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1 Monitor genetic population structure and adaptively alter translocation practices to

minimize negative genetic effects

Prevent excessive harvest of donor population(s) of Pacific Lamprey for translocation

Continue pathogen screening and disease inoculation to prevent translocation of

pathogen bearers

1 Monitor the success of reproduction of translocated lamprey and adaptively manage
translocations to maximize the production of early life stages

= =4

Genetic analysialso allows the measurementreproductive success via pareygdased
tagging(i.e., collection of genetic samples from all trpogedadulty. Subsequent genetic
analysis of offspring allows identificatiaf parentage foeach individual anthe ability totest
the success of specific T&H operations (e.qasproduction better at specific release sitesyen
some release methods better than othiessholding overwinteconvey aradvantage, ett
Genetic analysialso allows precise information on lanzge(so long as the spawning year is
established)therebyallowing assessment of growdind the relative contribution of production
from T&H parentgHess et al. 22P).

Radiotelemetry is also used regularly to confirm that adult Pacific Lamprey will resume
spawning migration and distribute to spawning ground.dtadiotelemetry investigations at
Bonneville Dam (Columbia RKM 235) confirmed that adults collected at the dam, surgically
implanted with a transmitter, and released several kilometers downstream wapfg@ach and
attempt to pass over the dam (Keefeale2013).Behavior of Pacific Lamprey transported
upstream from River Mill Dam on the Clackamas River wasked usingadio transmitters
(David 2025. These ish werereleased in the North Fork reservanddispersd widely without
exhibiing negative consequencesTa&H (David 2025. Pacific Lampreytransported from
Willamette Falls were also radiagged and released above the Fall Creek Dam as part of a
reintroduction to historical habitats; these fish also dispersed into stream reaches above the
reservoir and successfully spawn&d \(Veems, @Gnfederated Tribes of the Grand Royiders.
Comm).

At a minimum, sampling to confirm successful spawning of partedadults should be
conductedElectrofishing of larvae in optimal habitat (Reid and Goodman I20dé& also

Clemens et al. 2022r use of screw traps to collect outmigrant larvae and juveniles have been
used to confirm upstream reproduction by transported adultsHess,et al. 2021; M.

Blanchard Washington Department of Fish and WildJiRers. Comm.B. Weems,

Confederated Tribes of the Grand Roéers. Commn). Environmental DNA isanother

potential tool, but becaus®NA detectioncannot identify specific life stageattention is

required in setting up the sampling design with careful consideration for release, migration, and
spawning timingl nf or mati on on environmenDaiviewkbNA can
eDNA and applications for lamprey research and monitq2081)
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Trap and Haul- Tips and Tricks

General

)l
T

= =

= =

Evaluate the biological, logistical afidancialconsiderationgrior to implementing
T&H.

Use volitional passage incorporated into other fish passageways if practicable and
effective.

Use T&H on an interim basis while working to establish volitional passage, when
possible.

Communicate and gather information from local biologists.

Define the overall objective and timeframe for T&H, and if needed, identify specific
goalsand timelines

Use cautioowhenwater temperatures exceg8°C [64 °F].

Ensure all necessary permits and permissions are obtained early.

Trapping Adult Pacific Lamprey

T

Survey at night for lampreyduring upstream migratory periotislocate areas where
passage is completely or partially bloclkedlampreyare forcedo congregatePacific
Lampreycan often be seen at the surface when they encounter such physical or hydraulic
barriers (e.g., existing fishway entrances, within fishways, and below barfibese

areas of congregation identifypodareas to place traps or trap entrances.

Note that adulPacific Lampreyare attracted to pheromones of larval and spawning
Pacific LampreyTraps forPacific Lampreybelow areas where these life stages are not
yet present may have reduced attraction.

A variety of traps can be used (individual pots, ramps, wetted walg)y or in
combination, depending on the area where trapping needs to occur.

Collection boxes should have continuous inflow for both attraction and maintenance of
good water quality.

Collection boxes should have a mechanism to prevent lamprey from escaping after
entering (broom bristleginger flaps,funneldfykesmade with zip tie®r mesh, etg.

Holding and Hauling of Pacific Lamprey

T

T

Reduce duration and intensity of handling as much as possible to reduce stress and
increase survivaMinimize frequency thadip nettingis used to remove and transfer
free.swimming lamprey from onkcationto another.

Holding in a quiet, flomthrough system (e.ghpldingtank or enclosuréloat pen
securely anchoredithin the river) with good water qualifpr several days after initial
collectioncan increase survival of lamprey to be transpopedicularly for long
transport distances

Prevent escape of lamprey by ensuring all inlet and outlet pipes are screened and
containers have secure lids or mesh with an overabundance of cEimusate even
small gaps between tank dividers and the &dé& or bottom.

For Pacific Lampreythefollowing parameters are recommended:
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o0 Water emperaturg

A Targettemperatures below 15 °C (59 9B) holding and transpart
Use caution whewater exceeds 18 °C (64 °F); ideally temperatures
would be in the range of 115 °C (~5259 °F).

Freeze river water in buckets to help csahsportwater.

Use commercial ice with cautipite should remain baggéal prevent
droppingtemperaturesoo quickly.

NOTE: Watertemperaturesf 24 °C 75 °F) and greater arethal for
PacificLampreyadults(CRITFC 2025).

o Oxygen saturatian

A Use tanks of oxygen with regulatpes use other forms aderation

A Increag oxygen saturation up to 15086iring hightemperatureonditions
to reduce stress

A Oxygen saturation of 8050% during transport appears to decrease
transport mortalities.

o Flow rateduring holding should be at least 19 L/min (5 gal/min).

o Density duringholding should noexceedneadult lamprey for each 4 L (~1.1
gallon) of water

o Density duringhauling:

A Densities of adult lamprey for transport should generally not exceed 1 fish
for each 4 L (~1.1 gallon) of wateks water quality deteriorates, lowering
the density of lamprey per volume is recommended.

A For a 606L (150-gallon) insulated tote, density can be up to 200 addlts
fish per 3 L [0.8 gallon]jf oxygen saturation is increased to 150 % and
temperatures are lower than A5 (59 °F).

A For very short hauls (< Iokr) or with much fewer fish, lamprey can be
transported with aeration and cooling inl2@5-gallon) buckets or larger
coolers.

o For haulingwater, additionaloptions to reduce stress and decrease infections
include:

A UseStressco&® or similar products (e.g., ARIFish Care at 0.5 mi/L
[1/8 tspl.1 gallon)

A Add a low dosage of anesthetics (~20% of the concentration used for
sedation)

A Add rock salt or Instant Oce@nor similar producto elevate the salinity
to approximately & pptand therebyelp to preserve the mucous layer
and reduce stresparticularlyin warm conditions.

A A prophylactic injection of oxytetracycline (0 .05 cc Liquimycin [1280]
/ 500 g wet weight) can help to control bacterial infection induced by
stress

o Provide darkness

o Provide smoothsolidattachment surfaces

o Secure lids on bucketdtotes to prevent lamprey from escaping. Tightly secu
bucket lids use zip ties to secure lids on totes.

> > >
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o Allow roomfor adultsto attach out of the water (B cm [45 inches]) near the
top of the container will keep lamprey calm if water quality conditions start to
deteriorate

1 Forhauling andransport:

o Ensure all equipment is in good working ordend duplicates are on hand

o Keepa wellstocked tool kit with duct tape, electrical tape and plentylohg
for oxygen supplyines. Airstones, nets, hoses, etc., can get damaged with
weather exposurguring the off season

0 The oxygen regulator is a particularly weak link. If possible, have a backup in the
event of failure.

0 Test everything thoroughly before transpgeison antest again immediately
beforetransport

0 Monitor water quality parameters during transport and adjust as neeckstiice
stressUse of a WiFi monitoring system allows for more regular checks and less
need to stop for monitoring

Release

1 Net bucketsvith uniqgue markgan be floated within a transport tank to minimspeting
and netting at the release site

1 Select release sites with good water quality, moderate (fowelp fishorient), and
limited predationTo avoid fall backdo not release o high flowsupstream from
barriers.

1 Release at night or platampreyin a release box in the river that allothemto hold
and volitionally leave when they are ready.

1 Adjust transport temperatures to match release water temperatures With{r2°F if
possible

LampreyFriendly Equipment

1 Use lampreyfriendly gear:
0 Use soft mesh nets amgearcotton gloves over latex gloves for direct handling
0 Use Net Bucketsr plastic totegor transporting to eliminate additional sorting
and netting
A Net buckets can hold Hilults.
A Totes 5L [20gallon] capacity)can hold up to 30 lamprey.
0 Use insulated tanks for transport to maintain water quaggecially for long
hauls ortransportduring hot temperatures.
o Line the lower onghird of release tanksith mesh omperforatednaterialto
prevent lamprey from attaching during release.
0 Use perforated flumes to release directly from the transport tank to the receiving
waters, thereby avoiding needs to/catry lamprey to release sites.

Net Bucket ConstructionRemove the bottom of 20-L (5-gallon) plastic bucket. Téhe bottom
rim, attach a circular dip net of soft flexible md&sh a net of 6 mm knotless seine webbisg)
that it is continuous along the rimhe netcan be attached by sewing through holes drilled in the
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rim, or with zip ties (Figure9 and 13. If using zip ties to attaahetting to the buckeim,
ensure that theead enaf the zip tig(squaregportion with sharp cornersy oriented away from
the inside of the bucket to prevent abrasiatampreyinside the buckets.

Black plastic toteg75-L [20-gallon] plastic boxepswith locking lids and holes drilled along the
sides for water flovean also be used to hold and transport lamprey, just as net bdlexs
totes can hold up t630 adultPacific LampreyFigure13). During transport, ip ties are plaa®
on each handle to prevent lamprey from escaping the totes.

it ey 7 LT e e

—— - A
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Figure 13. Net-bucket (eft) andtypical transportote (right) used to transport adult Pacific
Lamprey short distances. Nothese containersan benested irthe same type afnmodified
containemwith water until ready to be dewatered and carried itoaine truck tankKPhotoof net
bucketby G. Silver, ®lumbiaRiver InterTribal FishCommission photo of totegprovidedby M.
Mayfield, Douglas CountyPublic Utility District).
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APPENDIX A. Case Studiedgor Trap and Haul for Adult Lampreys

The following are examples @i&H operationdor adultlampreys The firstfive are specific to
Pacific Lampreyin the Pacific NorthwesiThe latterare examples of T&H operations for other
anadromous lampreys that have been condwtsedvhereWhile Pacific Lamprey are the focus

of this review, the differences and similarities highlighted by these case studies help foster an
understanding of the fundamental requirements of T&H operations across all lamprey species.
Many thanks to these contributors foeshg the details and pictures of their operatidiss is

a living document; as nelW&H techniques for lamprey are developed, representative case
studies can be adde@itations in the case studies can be found in the Literature. Cited

APPENDIX A. Case Studies for Trap and Haul for Adult Lampréy&rror! Bookmark not
defined.
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Transfer of Pacific Lamprey from belowower Columbia RiveDamsto Interior Basin
Spawning Habitats

Contributors: Laurie Porter and Greg SilveiGolumbia Riverinter-Tribal Fish Commission
[CRITFC]), Ray Ellenwood andod SweenNez Percdribe [NPT]), Aaron Jackson
(Confederated Tribes of the Umatilla Indian Reservation [CTUIR]) and Ralph Lampman
(Yakama NatiorfYN])

Background

Starting in the | ate 199006s, tribal biologist
Pacific Lamprey past lower Columbia River dams (Bonneji@], The Dalle§TD], and John

Day[JD] dams, Figuré1) to boost production in CTUIR ceded lands (Close et al. 2009). Early

on, these fish were salvagedring dewatering operations at John Day Dam (Columbia RKM

348) The success of this program led to coordination with the U.S. Army Corps of Engineers

(dam operator) and the eventual ability toadbtadults from fishways at all three of these lower
Columbia Riverdams

From its humble beginnings in the late 1990s, the tribal translocation program has grown and is
now conducted annually by CRITFC and the CTUIR, NPT and YN (Ward et al. 2012; Figure
A2). This led to the eventual establishment of safe handling and holding protocols by CRITFC.
Collection numbers have increased in recent years, due in part to new and effective collection
methods at BO and TD, resulting in record numbers of fish collectdtid program in 2023

(over 11,000) and 2024 (over 17,000) with extrgnh@lv mortality (0.030.4%). Use of genetic
methods (pareagebased taggingsingsingle nucleotide polymorphishhas established that

this program boosts larvalistribution, abundance, amecruitment in the upper parts of the
Columbia and Snake river basins (Hess et al. 2022). Moreover, it has resulted in contributions to
the population of downstreamigrating juvenilesand ultimately the return of pigawning

adultsto the Columbia RivefHess et al. 2023). The lessons learned from over 25 years of
lampreyT&H operationsre summarized from interviews by program leadete@CRITFC,

the CTUIR, the YN and the NPT

Methods

Currently, Pacific Lamprey adults used for @RITFC Tribal translocation program are trapped

at lower Columbia River dams by CRITFC biologists and technicians and then transported to the
Oregon Department of Fish and Wildlife (ODFW) Bonneville Hatchery Captive Brood Building
(CBB). This facility is locatednnmediately downstream from BO on the Oregon shore of the
Columbia River (a 1{20-minute drive from trapping locations at BO). At the CBB, fish are held
until they can be transported to upstream holding release sites by NPT, CTUIR and YN staff.
Fish are transported by CRITFC staff from the three dams to the CBB in an insulated 1,135
(~300gallon) truck tank that is filled to near the top at the beginning of each trip with well water
at 10°C (50 °F) and maintained at 8050% dissolved oxygen saturation. Water temperature in
the transport tank ranges from abow1BL°C(~52-59 °F) over the course of the day, depending
on weather conditions. A metisrused to monitor temperature and oxygen levetutihout

each trip.
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Figure Al. Map of Columbia and Snake River dams and tribal ceded lands where Pacific
Lamprey translocations occur to bolster upstream populations (From CRITFC 2025).

Figure A2. Early Nez Perce holding facilities used to overwinter adult Pacific Lamprey captured
at lower Columbia River dams (Photo Credit T. Sween, NPT).



Trap & HaulAPPENDX A

Trappingoperations are different at the thisamsaccording to the unique requirements of the
traps operadand the structure, desigandlocationof the fishways at each daandthe

logistics of accessing suitaliend approvedyapping locationsvithin them. CRITFC stafftrap
adult lampreyseven days per week during the lamprey migration season, typically from early
June through early September. Currently, the CRITFC collectiontcagels firstfrom the CBB

to D (Columbia RKM 347) each mornin@nthe south shore at JDA (Oregon shore), there is a
trap integrated into the South Fishway count station (Fi§@)eThis trap collects lamprey as
they approach the count station window by guiding them into a collection gallery that leads to a
trap box with a mechanical hoigib crane) The trap is hoisted, opened, and lamprey are
transferred by hand (cotton gloves over latex glowgs)net bucketsls- 20 lamprey/bucket
depending on conditioh$or transport to the tank truck. Net buckets are placside the truck
tank for transport tthe CBB

Figure A3. South fshway trap being lifted with a mechanical hoist at John Day Dam

south fishway (left) and photos of Aatickets (right) used to transport adult Pacific Lamprey
short distances from the trap to the transport vehicle. Note, net buckets are nested i@Gégular
(5-gallon) buckets with water until ready to be dewatered and carried fio #ie truck tank
(Photos by G. Silver, CRITFC)

On the north shore at JWashington shore), lamprey are collected using individual traditional
lamprey pots or tube trageelpotsn = 3) deployed in the North Fishway count station and tied
off to railings. In addition, there is a Lamprey Passage System (LPS) near the north fishway
entrancgMoser et al. 2019dhat terminates in a trap box on the tailrace deck. Lamprey are
removed from the LPS trap box with a dipnet, placed into net buakéts aretransportedn an
insulatedwheeled tote containingver water to the damelevator The totes takenupin the
elevatorto the tansportank on the roadway level.
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At the next dam downstreamDTRKM 308),anLPSin theEast Fish Ladder (Oregon shore)
junction poolterminates in a trap bat the tailrace leveFish are removetfom the trap boxy
dipnet, placed into net buckets (up to 15 lamprey/bucket), and transferred to the truck transport
tank. After emptying the trap box, the crew proceeds back downstream to thACiBB.CBB

net buckets are transferred from the truck transport tank to holding tanks supplied with
groundwater/well water (typically at10 °C[50 °F]). Once all net buckets of fish from JD and

TD are removed from the truck transport tathie crew proceeds to@B(RKM 235).

At BO, lamprey are collected frotrapsoperated in the Bradford Island fishwaytbe south
(Oregon) shore, midver in theCascades Islanfishway,andin the Washington shore ladder on
thenorthshore(FigureA4). Tube traps are deployed above picket leads in auxiliary water supply
(AWS) channels in the Bradford Island fishway on the Oregon shore near the count station
window, in the Cascades Island AWS and in the Washington shore ladder near the count station
window. Fish collected in tube traps aren@/ed by hand or dumped into net buckbttare

then transferred to the truck transport tank. LPS traps are also operated in all three |ddagions.
first is positioned near thBradford Island BBranchfishway entrance angrminates in a trap

box near the spillwayFigureA4, Moser et al. 2D9g. The second is ithe Cascades Island

fishway AWS (just upstream of thepstream migration tunnginction). The third is n the
Washingtorshorefishway atthe exit channel of the Adult Fish Facility building. Fish are
removed from the LPS trap boxes with a dipnet, placed into net buckets, and carried in air
(dewatered) approximately 82D0 meters (depending on the trap location) from the trap boxes to
the tiuck transport tank (about 3tb seconds out of the water).

Figure A4. CRITFC technicians removampreyfrom thetrap boxesat the Bonneville Dam
Bradford Island BBranchLamprey Passage Structure (left) and at the Bonneville Washington
Shore Adult Fish Facility trap integrated into the fishway (right). (Photos by G. Silver, CRITFC).
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All fish are transferred to the truck tank and transported approximaté® biinutes from the
Washington shore the CBB holding tank#t the CBB, each lamprey is administered an
antibiotic injection of oxytetracycline (0 .05 cc Liquamycin @280) / 500 g wet weight) to help
minimize any potential stressduced bacterial infection. Lamprey are held in separate tanks at
the CBB according to claction location, typically with onbolding tank each for BO, TD, and
JD. At the CBB,large circular tank sezis 6,673 (1,763 gdbn) and the flow rate delivered to
each tank i223 L/min 69 galon/min). Eachtankcanaccommodate up %81 alult Pacific
Lamprey

Fish are generally held in tanks at the CBB for one to two weeks, but in some cases may be held
over a month beforeansportupstream. All adults are tissue sampled (dorsal or caudal fin clip)
prior to release (FigurA5) for eventual genotyping anghrentage and sibship analysis (Hess et

al. 2022).

oA S

QWSS

Fi‘gu.re A5F|n clips for genetic anal
Lamprey (Photo by M. Moser, Moserworks, LLC).

Transport to upstream release or holding sites is conducted by biologists from individual tribes
(NPT, YN and CTUIR)Over many years of lorgaul (> 4 hours) operations, the hauling
methods have been refined to reduce mortality. Use of the CBB holdingptawisescold
well-oxygenated water (Figur6) for rapid recovery antlas greatly reduced mortality, as fish
are not stressed at the start of their journey

The NPT hauls adults forthe longest distanand time. Transport is either tigbal hatchery
holding facilitiesfor overwinteringor to Snake River tributarie®r immediate release. Hence, it
is critical totestall equipment before hauling and to schedule periodic/roetiagmenthecls
throughout the tripSmall failures can lead to lost time or aborted trips. Backuesjoipment
and a wellstocked tool kit with duct tape, electrical tape and plensirtihe tubingare

essential. The oxygen regtdais a particularly weak linkso have a backup in the event of
failure, if possibleAirstones, netsubing,hoses, all can get damaged with weather exposure.

It is important to remember that lamprey can escape through very small gaps and can even work
their way into hose inlets and thereby block water suppliss.of manytank clampwwill ensure
thatlids stay securely fastened ascreening of water sources (even those above the water
surface) and outletsill keep escapes from creating even larger probletnsirtation of small

gaps between tank dividers and the tank are important precautions.
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Figure A6. Holding facility for Pacific Lamprey at the ODFW Bonneville Hatdhery Captive
Broodstock Building. Tanks are supplied with well water at approximately 10 °C (50 °F) and
100% oxygen saturation (Photo by G. Silver, CRITFC).

A reliable hauling vehicle is a must. However, even with a-mealintained truck, things can go
wrong. Be prepared for Plan B and Plan C. If there is a breakdown, be ready for additional hours
of holding time in warm temperatures. Fro8h2 L (2-3 galon) buckets of hatchery water will

melt slowly and keep fish cool. In an emergency, spanehased bagged ice will work, but it

drops the temperature very rapidly. Always carry an extra oxygen bottle and keep dissolved
oxygen saturation near 1%0for long fauls (> 4 lourg.

PacificLamprey arecasily stressed at low dissolved oxygen levels (Moser et al. 2023) and high
temperatures (special care is needed when source water B @®°F]). A WiFi monitoring
systemcan be integrated into a truck transport tankatwvs for constant checks of water

guality while on the road, minimizing the number of stops and ensuring that problems are
discovered immediatelyJse of rock salt or Instant Ocean to elevate the salinity to
approximately 3 ppt can help to preserve tl@mpreymucous layer anceducestress in very

warm conditions.

Reducing both the duration and intensity of handling allbhelp decrease stress. Soft nets
remove less mucous and net buckets are a very useful tool @&®areA3). The use of net
buckets floated in the truck transport taa&o allows forease of sorting fish at the terminus of
each trip. Net buckets allow for full water exchange when floating in the paokide a lamprey
attachment site, reduce the weight of normal buckets for human workers, and keep lamprey
contained andeparatd to avoid muliple chase/capture cycles with a dipr@tlored lanyards

(or duct tape labels on the lids) allow for easy identification of release groups.
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Transport distances for the CTUIR and YN can also involve long hauls on rough roads (and in
hot weather conditions) to deliver fishoverwintering sitesor release location€aution is

advised when source or receiving watamperaturesxceed0 °C (68 °F) Lowering the water
temperature with ice buckets and saturating the water with dissolved oxygen will help stressed
fish to recover prior tand duringransport.

Density during transport should be limitedaimeadult lamprey 3.8L (1 gal) if possible.
However, experienced biologists successfully transport adult lamprey at densitiekofdrsy

/ 3.8L (1 gal) when water temperature is <°ZD (68 °F). Hence, br a 606L (150-gallon)
insulated tote, density can be up to 200 adults if oxygen saturafi6f 9 and temperatures are
lower than 15C (59 °F). Experienced lamprey haulers have noted increased mortality when
more than 225 individuals are transported 60&L (150-galon) tote, even under ideal
conditions. For very short hauls (< &) or haulswith few fish, lamprey can be transported
with aeration and cooling iB0-L (5-galon) buckets or large coolerslowever, an adult lamprey
can consume all of the dissolved oxyger20-L in just a few hoursNoser et al. 2023 Room to
attach out of the water near the top of the contqiti@d 3 cm [45 inches])will keep lamprey
calm ifwater qualitystartsto deteriorate, provided that the contailriis not airtight.

Release into receiving waters can be simplified with use of a flume directly connected to the
transport tank outlet (Figu7). This techniqueliminatesthe need to carry fish from the tank

to the receiving water. If this method is not possible, tramgfsh from the transport tank to

the river can baccomplished most easily with the use of net buckets or perforated buckets that
reduce weight of transport by draining while in transit (FigA3& A large dipnet also works for
short trips(FigureA7).

Figure A7. Confederated Tribes of the Umatilla Indian Reservahimtogists release adult
Pacific Lamprey using a modified flume (left) and dip net and bucket transfer (right) (Photo by
A. JacksonConfederated Tribes of the Umatilla Indian Reservation
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Clackamas River Translocation to Stimulate Addfacific LampreyMigration
Contributors: Maggie David and Dan Craméd?ortland General Electric (PGE)
Background

This project uses T&H to increase number®atific Lampreyspawning abee a partial barrier,
to increase numbers of larvae agthancedult lamprey attraction to the area. The lbaign
goal is to restore volitional passage at the North Fork Dam fishiéay is used as an interim
measure to increase lamprey distribution and population in the upper CladRevarashile
ongoing evaluations of the fish ladder are conducted to identify appropriate improvements

The Clackamas River is an impounded tributary of the Willamette River in western Oregon.
Clackamas River dams (River MdhdNorth Forkdams constructed if911and1958

respectively historically had pooadultPacificLampreypassageStarting in 2006, the River

Mill Dam fishway waseplacedandthe new fishwayncluded lampresfriendly passage
improvementsThese design elements improved adult Pacific Lamprey passage at this fishway to
84-98% (Ackerman et al. 201d)utradiotelemetry ir201316 revealed that passage rates at the

next dam upstream (North Fork) were pfbt% in 2015; 0% in 20)6Gnd that only 2¢80% of

the tagged fish approached the dam fishway entrances (Acketmla2@16. It was

hypothesized that poor escapement over many years led to a lack of larval pheromone production
upstream and lownigrationmotivation amongst adults in the upper part of system.

To address this concern, adult lamprey were trapped from the River Mill fishway and transported
upstream beginning in 2017. From 2017 through 2025, PGE has hauled 2,360 adult Pacific
Lamprey above North Fork Dam. The initial goal was to move up to 250 adults/year to the head
of North Fork reservoir. After the first few years this goal was increased to 400/year, though only
20 were hauled in 2024 due to low returns. In 2017 and 201&,tBB transported fish were
equipped with uniquely coded radio trangers to track their movements after release. In

addition, up to 240 individuals were genetic sampled each year. This program seems to be
working. In the 203 outmigration year (10/02023 -9/3022024), extrapolated outmigrant

numbers at the North Fork juvenile sampling facility were greaterahd@00 juveniles and

29,000 larvae collected at North Fork Damgublished datavl. David, PGH. Parentage

analysis revealed that there were offspffitogn trangortedlamprey amongst these captures

(Hess et al 2021 The percentage of pspawning adults approaching the North Fork fishway is
now 8090% and radiotelemetry indicated that fish released in the North Fork reservoir dispersed
widely and did not exhibit negative consequences of T&H (David 2025).

Methods

Pacific Lampreyaretrapped after they entére fishway at River Mill Dam (FigurA8). The

trap is integrated into the top of a weir in this pool and weir fishway (F&@yeThe orifice at

the bottom of the weir used for trapping is blocked to increase lamprey capture efficiency;
salmon are able to pass over the top of the weir when the trap is in place. The entire trap is lifted
via a mechanical hoist.

Lampreyaredip-netted from the trap and placedar208L (55-gallon) container initially.

Biologists have found that it isnportant to be ready with lots of buckets and fresh water, as you
do not want to put the trap back down with lamprey ifiliey have noted thadll lamprey

appear tdeaveand the effectiveness of lamprey trappisitpw for 24 h or moreMoreover,
biologists have observed thaniprey in shallow poolduring dewateringvill quickly start to
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Figure A8. Pacific Lamprey trap location (block arrow) in the River Mill dam fishwaythe
Clackamas River, Oregdirom Ackermaret al. 209).

:.-.7?5:“%';- L

Figure A9. Weir crest lamprey trap at the River Mill Dam fishw&GE2011).
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panic when freshwater inflow is stoppghis has beembserved during stranding eveatsd
may be useful for release methods).

Immediately after dipetting adult lamprey from the trap, they are anaesthetized with eugenol
(0.1 ml/L [~7-8 dropggallon]) for 5 minto allowfor measurements amgenetic samjhg. A

shade cloth is usdd protect people and lamprépm the sun at the sampling locatidior

transfer to the transport truck, biologists usd.2®@-galon) buckets that are perforated down to
about thel1-L (3-gallon) level so that lamprey can stay in water during pick up and drogt off

the release sit&crew on lids are also perforatadd left on each bucket during tran&t1(0
adults/bucket The buckets are suspended in the transport tank for ease of transfer at the release
location at the head of the North Fork reservoir

The distancérom the trapping location &iver Mill damfishwayto head of North Fork
reservoins ~14.516 km (910 miles;FigureA10). North ForkReservoirwater is used to fila
758L (200-gallon) transportrailertank The temperature is not checked, thetransport tank
is insulatedand no obvious temperature problems have occuwate( temperaturgseakat
68°F in summer20°C [68 °F]). Oxygentanksequipped withair stonesare usedor oxygenation
in the fish trailer.

River Mill Dam
& & Ladder

AR Dam
» Estacada River/Creek/Reservoir/Lake
e Town
Estacada Lake [l Fowerhouse
== Ladder
Faraday
Powerhouse [l
Faraday Lake
Faraday Diversion Dam
Neorth Fork
Ladder
North Fork
N Dam North Fork Clackamas
\{a’} North Fork
Reservoir

2 miles

Figure A10. Clackamas River study area with trapping location at River Mill dam and release
location at the head of the North Fork reservoir (fle@E2023).
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North Fork Toutle River, Washington: Salvage and Transport of Lamprey Collected
Opportunistically

Contributors: Monica Blanchard and John SeNashington Department of Fish and Wildlife
(WDFW)

Background

After the eruption of Mount Saint Helens in 198tk tNorth ForkToutle Fish Collection Facility
(FCF) was built by the Army Corps of Engineers in the 198®mgwith the Sediment
Retention Structurea obstacle to fish passagéhese structures wetensferred to WDFW,
who has operated threever sinceFundingfor fish translocatiorover the years has been
minimal and operatiahave relied on one empky (1/4 FTC) and volunteeiBersonnel
salvage any adult Pacific Lamprejong with salmonidgshat make it up the fishwagt the FCF
(FigureAl11l) and into the allection area

Due to the ravages of time aadcumulation ofediment, the facility is due to be relbunl the
next few years. The plarfigr the new facilityincludeprovisions for adultdmprey passage
along with the traditiondish ladder. Perhaphis will allow better evaluation of the numbers of
Pacific Lamprey that are attempting to pass this obstizcR023, electrofishing downstream
from Pullen CreeKupstream of the FCF) producetltiple size classes of Pacific Lamprey
larvaein the sediment plairThis isa clear indication that Pacific Lamprey in Pullen Craek
successfully spawning

Under some flow conditions, it is possible that Pacific Lamprey are able to volitionally pass over
the spillway at the Sediment Retention Structure or over the barrier dam at the Collection
Facility. FFom 2010present numbers of lampreyere periodically recorded and typicallyere

few (1-6), except in 2017 when 24 were transported (C. Gleizes, Washington Department of Fish
and Wildlife, WDFW).

Methods

All fish are dipnetted out of the upper portion of the ladder as the system is dewatered. Long
handled dipnets are used to capture fish as they become visible in the shallow water and an
additional dipnet is placed in front of the exit to capture any fishg to leaveLamprey are
transported along with salmonids and are released at the same sites

All the lamprey recorded by WDFW in the perioplto 2023 were moved to Bear or Pullen
creeks abouta 30 60-minute drive from the FCH-latbed trucksare equipped with two 1,893
(500-gallon) tanks (one fiberglass and one stegl)l haveoxygen diffusorglesigned for
transporting fishNo problems have been encountered when transporting adult lamprey along
with salmonids (adult salmon and trout).
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Figure All. Pacific Lamprey (deoted by blue arrow) navigating the North Fork Toutle Fish
Collection Facility fishway during dewatering on October 11th, 208& lamprey was netted
in the ladder and transported upstreg@hnoto by M. BlanchardVDFW).
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Fall Creek Reintroductionof Pacific Lampreyinto Historical Habitats
Contributor: Brandon Weems (Confederated Tribes of the Grand R(Zi0ER))
Background

This project usetranslocatiorto evaluate the feasibility of reintroducifgcific Lamprey
upstream of a large flood control dam (Fall Creek Dam), with the goalasftablishing a self
sustaining population above the dam.

The construction dFall Creek Dam by the U.S. Army Corps of Engineers in the 1960s created a
barrier to upstream migratirféacific Lampreyn the Middle Fork Willamett®asin Adult
lampreywere not enterin§or entering but escapinf)e Fall Creek adult upstream fish

collection facility, designed for th&&H of anadromous salmonidBhe absence d?acific
Lampreyabove the reservgiconfirmed by initial electrofishing surveys for larval lampreys,
reduces attraction ohigrating adullampreyinto the cdlection facility. To assess the feasibility

of reintroducingPacific Lampreyto habitats upstream of Fall Creek Dam, the Confederated
Tribes of the Grand Ronde conducted a reintroduction study~2ah3 2019 with 3 primary

goals:

1. determine whether aduiacific Lampreycan successfully spavaboveFall Creek
Reservoirafter being trargortedfrom Willamette Falls

2. determine whether lamprey above the reservoir will leagidater attraction of
migrating adults at the base of the Fall CrBeakn,

3. determine whether a sedfistaining population d?acific Lampreycan be re
established above a flood control structure.

The Fall Creek Reservoir is ideally suited to determine whether-ausgHining population of
Pacific Lampreycan be reestablished above a flood control structliiee damalready has
facilities and operations thabuldcollect and transpo#dults over the danThe Fall Creek
reservoir currentifas a significant seasonal drawdofen outmigrating salmonid juveniles,
which could alsofacilitate the outmigration of juvenile lamprey.

Methods

Adult Pacific Lampreywerecollected annuallat Willamette Fallsiear Portland, Oregogjther
from the base of the falls, or from the Oregon Department of Fish and Wildlife Fish Ladder at
thefalls andthen transported 201 km (25 mj upstreanvia truckand released above Fall
Creek Dam and ReservoEach year, CTGR targeted collection and transport of 240 fish, of
which 40 weramplanted withradio-tags for monitoringspawning migrationafter releaserhis

goal was not achieved every year due toosireasons, such hgh river flows forest fires or
dangerously highiver temperatures.

Lampreywerecollected at the base of Willamette Falls by hand using cotton gloves to remove
fish from the rocksLamprey were transported downstrefiom the Falldy boat prior to being
moved toatruck for transport to Fall Creekor boattransportlampreywerereleased into @6-

L (80-quar) cooler fitted with an Aircycle number 68 agitatorpowered by a 1-¥ lead acid
batteryto maintain oxygen levelsvith a maximum of 10 lampreat one timeThe coolerof
lampreywas then emptied intan insulated toten a pickup truckwhich carried a maximum of

50 lamprey The tote was filled witlapproximately492 L (130 gallon} of Willamette River
waterandfitted with an Aircycle number 68 agitator to maintain oxygen levels during
transport to theeleasesites on Fall CreeKFigureA12). A YSI model 556 multi probe system
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was used to continuously monitor water pH, temperature, dissolved oxygen and specific
conductivity throughouboth boat and truckkansport.

Drop Site
180 Lamprey
30 Tagged

Drop Site
60 Lamprey
10 Tagged

" Eall.Creek Dam

Sources: Esri, HERE, DeLorme, TomTom, Intermap, increment P. Corp.,
¢ GEBCO, USGS, FA®,"NPS;/NRCAN, GeoBase, IGN, Kadaster NL, Ordnance
whslie . Survey, Esri JapangMEIN, Esri China (Hong Kong), swisstopo, Mapmyindia, ©
Benl OpenStreetMapjcontributors, and the GIS User Community, Sources: ESri,
DelLorme, USGS, NPS

Figure Al12. Release sites of translocatedcific Lampreyabove Fall Creek Reservpdregon

Monitoring included electrofishing to document presence/absence of larval lampreys, and annual
redd surveys to document spawningdpril T June after adults overwintered in the Fall Creek
subbasinTelemetry monitoringvas conducte@ransmitters lifetimes of 1.3 ytd: 1) document
dispersalistances migrated by individuamprey, an®) help identify areas fdiuture

spawning surveys.

Telemetry monitoring indicated that the tagged lamprey were dispersing throughout the Fall
Creek subbasin above the dabme individual was detectdd.1 km (O mi) upstreanfrom its
release site, although most stayed withird km @- 3 mi) of the release sisg(FigureA13).

Redd surveys confirmedadhthe fish survived over the winter to spavilectrofishing surveys
found larva in areas where previgly only residentWestern Brook lamprey had been fouhd.
2019, the U.S. Army Corps of Engineers opetlaa screw trap to monitor downstream fish
migrations from the reservoicarge numbers of juvenileacific Lampreywere caught in these
operations, further documenting the success of lamprey production above Fall Creek Dam
(FigureAl14).

While this workdemonstrates that reintroduction is possible, additional effort is needed to
develop an effective T&H at the base of Fall Creek Damamtain this populatioabove the

dam Since 2019, forts to trap adult lamprey at the base of Fall Creek Dam havenhidéed
results. Adult lamprey have returned to the fish collection facility and been transported, but in
small numbers ranging from none to 12 fish annuadlpf 2025However, there are more adults
collected in the traphan yeargrior to the reintrodction, and efforts to improve T&Fhcilities

for lampreyat Fall Creek Dam continue.
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Mouritain

Drop Site :”@, adten
180 Lamprey W OU R i
30 Tagged
. 1 Tagged Remains
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10 Miles From Drop Site

Drop Site
271 60 Lamprey

| 10 Tagged
3 Tagged Remain

e
Sources: Esri, HERE, DeLorme, TomTom, Intermap,,increment P Corp.,
GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL,
Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo,
MapmyIndia, © OpenStreetMap contributors, and the GIS User
Community, Sources: Esri, DeLorme, USGS,NPS

Bpite

Figure A13. Dispersal of translocated adult Pacific Lamprey above Fall Creek Reservoir, as
documented by mobile tracking surveys in 2014. Blue dots indicate a single individual, red is a
group of 2, yellow is a group of 3, and purple is a group of 4.

Figure Al4. Juvenile Pacific Lamprey were collected in large numbers by the Army Corps of
Engineers outmigrant screw trap, as they migrated out of Fall Creek Reservoir in 2019, thus
documenting the success of spawning adults and subsequent rearing of larvae alreelal
Dam.
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Multi -species Tap & Haul at a RestorationProject in a California Tributary
Contributor: Tricia Bratcher (USFW&Red Bluff Fish& Wildlife Office, RedBluff, California)
Background

This case study includes thescueof Pacific Lamprey(all life stagestotal lengths ranged from
2-30 cm[~0.7511 inches] and other fish speciekiringconstruction operations. &rawdown
for a channel restoration projegas needed toreate a roughened chanh@l fish passage over
adiversion dam. The salvage occurred during drawdown of the arealewa¢eredPacific
Lampreywerepresent in greater numbers than any other fish spactsere trappednd
hauled with other fish species.

The Deer Creekrrigation District (DCID) Dam Fish Passage Project (Project) is located on Deer
Creek,a large tributary to the Sacramento Rivel@hama County, east of the town of Vina,
California. California Department of Fish and Wildlife (CDFW) Proposition 1 and the U.S Fish
and Wildlife Service (USFWS) Anadromous Fish Restoration Program provided funds for the
Project, which was implemented by Trout Unlimitétie following paragraphs describe the fish
rescueprior to and duringlewatering (July 27 September 6, 2019).

Construction activities during the Project required large sections of the creek to be dewatered,
necessitating fish rescues from these affemgires A15 and A1§. During the initial stages of
construction, fish were captured and removed from habitat that was scheduled to be dewatered.
Those areas were then filladdre-constructed to build a roughened channel. Efforts focused on
removing threatened or endangered fish species incl@pngg-Run Chinook salmon
(Oncorhynchus tshawytschand Central Valleysteelhead @ncorhynchus mykigsbut all

aguatic species, including California Species of Special Concern and sensitive reptiles (e.g.,
WesternPond Turtle Emys marmoratg were captured and released into safe areas.

('Start Survey

& ¢End Survey

Figure A15. Aerial image of upstream and downstream extent of the DCID fish passage project
fish species assessment survey.
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Figure A16. DCID Dam on Deer Creek near Vina, California in 20&80gle map image
provided by CDFW.

Fish Rescue

Preproject snorkel surveys indicated multiple fish species were present in the area to be
dewatered; however, no lampreys were skaing these surveyaslampreyare nocturnal and
primarily buried in the sdiments (fines, sands, and cobhleg)wever,PacificLampreyhad
previously been observed building redds immediately upstream of the dam

Drawdown occurred the evening of August 27, 2019,feidescue efforts began the following
day. Seinenetsand dip nets were primarily used during the first 3 days following drawdimwn
remove fish from the argéugust 2830). Drawdown of the creek was necessary to forcet@ish
congregate and reduce overall depths & cm (2 fee), whichincreasd the capture
efficiency.However, the initial, rapid drawdown of water levels overnight stranded taara}
lamprey in the exposed sedimemegjuiringextensive labor to rescue tegandedstressed
lampreyby hand Thousands of larval lamprey were estimateetoainburrowedin the

exposed sediments and subsequently diegitime tenperatures at the time approact3&fC
(100°F).

On September 3, 2019, electrofishers were used to capture and remove any remaining fish in the
isolated watered area immediately below the .dalectrofishing was only effective in smaller

water bodies with less than ~60 cm (~2 feet) depth. The use of electrofishing with settings for
lamprey was helpful, but they tended to respond very quickly to the shock and then go back into
the sediment, makg collection/rescue difficult. When lowering water levels, there is a need to
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Figure A17. Fish rescue below DCID Daon Deer CreeKlooking upstream)August28, 2019.
Photo provided by CDFW.

balance the collection effectiveness of gear (e.g., nets, electrofishers) with corresponding decline
in water quality (e.g., temperatures) as instream flow decreases.

Collected fish were placed into buckets with aerators, using onsite/stream water to maintain

water quality, and carried by ha(feigure A17) All fish were identified to species, counted, and
released into safe areas away from the restoration site: either upstream of the construction project
in the main channel of Deer CreeWthin the temporary bypass channel on river right

downstream of the project area/dewatered channel. Release locations were selected based on
proximity to collection site, accesdity, and habitat type (pool, slow riffle). Depending on

where fish were rescued, the crew would use the shortest travel time to one of the three release
locations.

Drawdown Planned and Unplanned

On August 272019,the planned drawdown of the pool and reach below the dam began in the
late afternoonwater was diverted away from the pool above the dam by an inflatable dam into a
temporary bypass channel to bypass flow around the restoration site. This resulteidkn a qu
drawdown: ~10 inches in the first hoalespite the fact that the inflatable dam was about 3 feet
short and allowed water around one eddjgon seeing challenges with controlling instream flow

in the dewatered area, onsite biologjitquested that a temporary cobble dam (using instream
materials>~122 m @00 fee). downstream othe DCID Dam be installed to separate the Project
area from the rest of the stream

On August 29, the requested temporary cobble dam was installed to separate the immediate
Project area from the rest of the stream; this dam was located8almw@6 fed) upstream of the

A-19



Trap & HaulAPPENDX A

screen bypass channel that was still running and providing clean water and some streamflow.

Dam leakage continued to thwart dewatering processes. A large submersible pump was installed
on river right below DCID Dam to reduce water elevation. Initiallyppeared to help to dewater
the area but ultimately did not help much to minimize effects to lamprey, in particular, as all of
the other special status species were not present anymore.

To isolate the area immediately below DCID Dam from the rest of the Project site, bed material
temporary i
Dam leakage on the south side of the creek. A new plan was developed for controlling water

was broughtin o

within the Project area, to be implemented on September 3, 2019. USFWS and CDFW staff

create

anot her

damo,

but

recomnended a plan to slowly fithe area with bed material as per the design; a small channel
was maintained right below the dam apron to control ig@kage, with a pump operating on
river right. CDFW staff conducted fish rescue on tmaall, watereathannel that ran the length
of the active Project area. Multiple passes using nets were used to catch fish or encourage them
to move downstream. This area was then filled in with bed material exce far@0 fed)
length at the bottom while the contractdjustedbed elevatiorusingfill material. The
following day September 5, 20 DFW staff and the contractor engineer/biologist conducted
fish rexue of primarily lamprey from the remainifgm @0 fed) length; this was then filled by
bed materialOn September 6, 201@portion of the watered area between the temporary cobble
dam and the filled bed had to be dewatered to adjust the area of bed to be filled; this was
unexpected. During this process, the contractor engineer/biologist rescued mostly lamprey and
moved themnto the area below the temporary cobble dam with nets left onsite by CDFW.
Throughout the entire rescue period, temperatwezerecordedat 2426.5°C (7579 °P.

Lessons learned

il
il

= =

Hope for the best, plan for the worst.

Larval lamprey were not detected in ymject snorkel surveys but were one of the most
abundant species in the area and took extensive salvage efforts. At a minimum, lamprey
should be assumed present if the stream is occupied elsewhere.
Lampreyspecific surveys using elecstoockes in optimal habitats of the target area may
help estimate numbers of lamprey in the area and help with plartatigin terms of
numbers of people for fish rescue and planning drawdown. Larval lamprey may be present in
various sedimentgines, sand, andobbles.

In hindsight, use ofet¢ r o s hocker s

el ectrofishingo)
Multiple days are needed to effectively rescue fish from large sections of streams.

Lar val | ampr ey

may

donot

on recently
have been hel

al ways

emer ge

15 minutes or several hours (and sometimes days) before they emerge.
While lamprey were found in fine sediments, they were also found in edbbienated
substates and would be seen emerging from them during electrofishing.
Have a variety of tools on hand for capturing small fish, in particular, lamipaeyal

lampreywereable to go through most meshes of nets, and staff would have to use small
aquarium nets to capture them as they emerged from dewatered sediments.
Plan on working closely with the contractor durtteyvateringof any water body, fish may

be

present

wher e

you

donot

expect

dewatered

pf ul

from

t hem.
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It is helpful to develop contractor education folders and conduct environmental education
training for ALL members of the contractor
of fish and wildlife species, agency contact info, spespexific resowge protection

measures, permit requirements, and other relevant information should bedié orthe
contractoros trailer, with their design sh
contractoros crew t hat malbawbe gesignateddothdndleanyi n t
Aemergenci eso when and somé permittimgerogesses allevdfory s h
use of contractor staff who may not happen to be qualified biologists, but this needs to be set
up during the project permitting proses

If a bypass channel is used to temporarily route water around a project site, plan for fish
rescues once that channel is no longer usedsateivatered. CDFW and USFWS staff

continued tacapture more Pacificamprey larvaasthe bypass channel was dewatered.
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Pacific Lamprey Translocation$or Passage Studiggs the Mid-Columbia

Contributors: Mariah Mayfield, Douglas Countyublic Utility District PUD); Mike Clement,
Grant County PUD; and Scott Hopkins, Chelan County PAIDphotos provided by M.
Mayfield.

Background

This project uses T&Hnd translocatioto provide passagéor Pacific Lampreyabove several
large hydroelectric dams that currently do paivideeffective passagd &H is also used to
collect fish for several fish passage evaluatid@signedo identify specific passage problems

The midColumbia River has five mainstem Columbia River Dams that are managed by public
utility districts (PUD): Priest Rapids and Wanapum Dams (managed by Grant County PUD),
Rock Island and Rocky Reach Dams (managed by Chelan County PUD), and Wells Dam
(managed by Douglas County PUD). As part of the FERC (Federal Energy Regulatory
Commission) relicensing process, all three PUDs have mitigation requirements to manage, study,
or T&H Pacific Lamprey within the mi€Columbia River basin.

Grant County PUD is required T&H lamprey frombelow Priest Rapids dam to above Rock
Island dam for four weeks every sumniBo.support this objective, Grant PUD installed in
ladder weir traps on both fish laddetsPriest Rapids DaiffriguresA18 and A19. In 2018,
Douglas PUD and the Wells Dam Aquatic Settlement Work Group decideghémd the
program tchauladultsabove Wells Dam. Douglas PUD has added four additional weeks of
trapping to the schedule at Priest Rapids so lamprey are trapped fdrad &aght weeks,
usually beginning in miduly.

Trapping at the mi€Columbia dams also occurs to support fish collection for passage studies. In
addition to the fish ladder traps at Priest Rapids, Douglas PUD ‘edder traps that can be

launched to collect lamprey at Wells Dam. Most recently, laynwere collected at Priest

Rapids to provide study fish for an adult Pacific Lamprey fishway passage evaluation as part of
Chel an PUDOGs ongoing Rock I sl and Dam relicens
Wells Dam traps in 2026 to obtain fish fim upcoming passage study.

Collaborationon T&H between the mi€Columbia PUDs has provided opportunities to support
lamprey restoration throughout the region. Resources and knowledge are shared freely among
the PUDsand tribal partnersyhich hadedto more opportunities faresearch related to Pacific
Lamprey.

Trapping Methods

The primary adult Pacific Lamprey traps used by the@ovtlmbia PUDs are located at Priest
Rapids Dam, in both fish laddgsigureA20). The traps are located on overflow weirs with

each trap placed on each side of the weir against the side of the fish ladder walls, approximately
1/3 of the way up each fish ladder. Traps are lowered mechanically-af-shit in the evening,
fished, andhen retrieved at approximately 07:00 the following mornir@gencourage lamprey

to enter the trap, the bottom or#i of the weir are screened or closed off during trapping
operations. Lamprey are removed from the trap using cotton gloves and are immediatdly place
into coolers and taken to the holding area for up to three days.

A-22



Trap & HaulAPPENDIX A

»

Figad&ddult Pacific Lamprey trap at Priest Rap
at the top of the.side rails, as pictured her

Figure A19. Lamprey trap at Priest Rapids in place at the top of the concrete weir.
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Figure A20. At Priest Rapids Dam, the lower orifices of the weir can be closed while lamprey
trap is in place to help encourage lamprey into the trap.

The lamprey traps at Wells Dam are similatitose at Priest Rapids Dam and are located at weir
41 (out of 70). The main difference in trapping operations at Wells Dam is that there is no ability
to close off the bottom opening of the weir, due to salmonid passage concerns, instead
perforated metal plate is installed along the bottom of the ladder extending from below the
bottom orifice and goes through the weir opening. This is to discourage lamprey from being able
to easily attach to the bottom of the ladder and make their way through the baoftoen In

2024, test trapping occurred with the perforated plating installed and results were good with
about 30% othelamprey entering the trap.

After removal from the trap, lamprey are heldLit?-L (30-gallon) coolers with continuous river
water flow (15 to 25 fish per coolgrLamprey are held for no more than three days in the coolers
prior to transport. When it is time for transport, lamprey are transferred to black plastic totes
using cotton glove@~igureA21). The totes ar@6-L (20-gallon) plastic boxes with locking lids

and holes drilled along the sides for water flow. No more than 30 lamprey are placed in a single
tote. Zip ties are placen each handle to prevent lamprey from escaping the totes during
transport.

TransportMethods

Transport tanks are fillegith river waterat Priest Rapids Dam immediately prior to loading fish
into transport tank (FigureA22). Oxygen is administered to the tanks via air stones at
approximately 1/min. Water temperature and oxygen are monitored as needed during transport.
For transport from Priest Rapids Dam to Wells Dam (a travel time of about 2.5 hours), a large
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fiberglass tank~1700 L @50 gallony) is used. Fiberglass transport tanks stay much cooler than
metal holding tanks and do not need ice blocks for transport; stagtéedtanks tend to heat up
more rapidly during transport and may require more temperature monitoring and ice blocks.
Whenthe fish arrive at Wells Dam (or other sampling facilitiessh water is immediately put

into thetransportank After tagging and biological sampling is completed, lamprey are returned
to the transport tank and take the final release site. Fish transport totes are then removed from
the transport truck and immediately placed in the river for fish release, with an effort made to
release fish as deep as safety allows.

4

r!\w !\“ |

Figure A22. Fiberglass transport tank (~1700 L [450 gallons]) is mounted on a flatbed truck or
trailer.
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ConnecticutTranslocatiors of Sea Lamprey to Restablish Populations

Contributor: Stephen Gephardonnecticut Department Energy dadvironmental Protection
(retired)

Background

Spawning ofSea Lampreyn tributaries of the&Connecticut Rivers blocked by dambuilt
betweenl720 t01920 (Gephard 2023). Some Sea Lamprey passage has been documented at
fishways designed to pass Atlantic Salm8al(no salayand American Shad\{osa

sapidissimy however, lamprey are often incapable of traversing the entire fishway in one night
and frequently fall back downstream.

The Connecticut Department of Energy and Environmental Protection (CT DEEP) recognized
the need to restore Sea Lamprey populations and engaged in a public education program to help
bolster support for their conservation (Gephard 2023). Sea Lamprey (Rg8arenow listed

as a "Species of Greatest Conservation Need" in most New EnglantiVBthife Plans

Gephard (2023) described an experiment to evaluate whether transplanting Sea Lamprey above
semipermeable barriers would help teastablish spawning runs in two coastal rivers,
Naugatuck and Shetucket rivéFsgureA24), where Sea Lamprey had been extirpated for over
100 yearsThese rivers eadimavea dam near the head of tidéh fishways (Kinneytown Dam
Fishway andsreeneville Fish Lifkthat were built in the 1990s. However, no lamprey were
observed using the fishwaysfound upstream from the dana 2004 and 2005, the CT DEEP
trangorted110 adult Sea Lamprey from Rainbow Damthe Farmington RivéFigureA24) to
areas upstream from Kinneytown Dam (Gephard 2023). The response of Sea Lamprey at the
fishway was immediate, with counts at the Kinneytown Dam fishway increasing from one in
2004 to 354 in 2007 (Gephard 2019). Based on this success, 221 adultdeasedrapstream
from the Greenville Fishway in 2019. By 2022, 17 adults were reported from the fish lift, after
no observations of lamprelere for theperiodfrom 1996 to 2019. Thesesults suggest thah
upstream pheromone signslessentialo stimulate adulSeal ampreyentry into river without

an extant Sea Lamprg@ppulation Nest surveysonfirmed thatampreyspawned after release

and even distributed beyond the release sites.

S

Figure A23. Adult Sea Lamprey collected from a fishway in coastal Connecticut (PBlgdfo
Gephard, CT DEEP)
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Bunnells Pond,
Fishway f

Long Island Sound

Figure A24. Coastal rivers selected for Sea Lamprey translocation experiframtGephard
2023).

Methods

Spawningphase adult Sea Lamprey for the translocation experimentcaptered at the
Rainbow Dam Fishway (Figu25) on theFarmington River, where trenual run typically
exceed 1,000 fish. InMay, lampreyascend the fishway at night and those that ima¥eeached
the top of the fishway by dawrsetheir oral discto attachto the concrete walland restwhere
they are easy to scoop up with a dipfrejureA25). The bag of a dip netaspositioned below
the dangling fishand the steel hoop of tmetwasusedto dislodge the fisthat then fall into the
net. Wder temperatures in the fishway wér222 °C (~54-72 °F).

The fishway hasraadjacenholding tank (fed with fishway waterCaptured Sea Lampreyere
stockpilad there for up to a wedk accumulate suitable numbers for transgeatmortalities
during holdingwereobservedAfter collection of sufficient numbershelampreyweredip-
netted from the holding tank intdfigh box on the back of a flatbed trueguipped with an
oxygen delivery system (Figu26). Typically, no more thab0 weretransportedor 1.0-1.5 h
in the truck tank wittno mortality. The Sea Lamprewerereleased by handing loaded dipnets
down from the truck tank to a second worker who segthem at streamside locations with
suitable spawning habitat (Figu26).
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Figure A25. Adult Sea Lamprewat Rainbow Fall fishway are captured with a dipnet (Photo by
S. GephardCT DEEB.

Figure A26. Sea Lamprey are transported using a fish tank equipped with oxygen and released
via dipnets at the upstream release sites (Photo by S. GegiaREER.

A-28



Trap & HaulAPPENDX A

Sea Lamprey Control in the Great LakeSterile Male Release Program
Contributor: Matt Symbal (USFWS)
Background

Sea Lamprey are native to the Atlantic coasts of North America and Europe; however, they are
an invasive species in the Laurentian Great Lakes. In 19&%;reat Lakes Fishery Commission
was formedo research and implement methods to control this subspecies (Siefkes 2017). In
addition to use of physical barriers and pesticittesrelease of sterilized maless researched
starting in 1971. This program required collection of large numbers of healtspgnaing

males, chemical sterilization of them dasubsequent release in targeted streams to see if they
would reduce the reproductive potentialtafgetedoopulations

Male SeaLampreywerecaptured during their spawning migrations in approximately 30
tributaries to lakes Superior, Michigan, Huron, and Ontdiiiming of T&H was typically mid
to lateMay when water temperatures in Lake Huron were arourf€€ B0 °F; M. Symbal
USFWS,Pers. Comn). The adult lamprey were transported tothes. Geological Survey
Hammond Bay Biological Statidior sterilization and then transported for releiase the St.
Marys River.Transport times could exceed 4 h in some cases.

Bergstedt et al. (2003) found that fhr@portion of sterilized males observgohwning and
occupyingnests vasnot significantly different than their estimated proportion in the population
Further research indicatégat in areas where sterile malesrereleasedthe number of eggs
hatching in nest&rasreducedBergstedt and Twohey 2007his supports the concept that adult
males that were trapped, hauled two times, held and subjected to the sterilization, and then
released in a completely new system were able to compete for mates and successfully spawn. As
hoped, the resulting fertilizeehgs were not viableug to the sterilization technique and resulted
in lower reproductive output for streams where the treated males were released. However, the
laborintensive nature of the program and availability of other methods resulted in the 2011
termination of this prgram, although regular hauling of Sea Lams#lj occurs to support

other research activities (M. 8ypal USFWS Pers. Comn).

Methods

All operations are described in the Standard Operating Procedures for Application of the Sterile
Male-ReleaseTechnique in the Great Lakes Fishery Commission Integrated Management of Sea
LampreysControl Progranfincluding detailed maps for holding and release locations; M.

Symbal USFWS Pers. Comn). Adult lamprey at the latter stages of their-ppawning

migration were trapped at barriers. Trapse typically integrated into the barrier design (Figure
A27-A) or deployed along the bottom of the bar(ieigureA27-B).

Lamprey weréheld streamside in feirculating stream water untihey werepicked up and

hauled to the Hammond Bay station for sterilizatidauling wasconducted using Bonar tanks
on a trailer or with tanker truck8. maximum density of 2,500 adult lampre$,785 L (,000
galons)was usedTransfer from the trap to the haulitapk dependedn the number of lamprey
to be transferred. Laundry baskets and dipnets with square bottoms have both been used to
reduce weight and stress on lamprey. Survival lvess ifwater wascooled to 56 °C (41-43 °F)

and highly aerated; dissolved oxydewels werechecked regularly during transit. Maturation
state wasmportant because hauling mortality increases as the males near final sexual
maturation.
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Figure A27. Sea Lamprey trap integrated into a barrié;r tat is designed to block Sea Lamprey
spawning migration (denoted by arrow, left phi¥¥@) and a trap deployed along the bottom
face of some barriers (right phdiBo, from Siefkes 2017).

After sterilization, male adults are held in recovery tanks at the Hammon Bay Station and
subsequently haul ed to t hewaSconditedugirghoopedneer f o
bags, buckets, coolers, or directly from the tank, depending on crew size and the number of

lamprey to be released. Tank sisese lined with perforated PVC pegboard to prevent lamprey
attachmentand the tank bottomsere concave to allow lamprey to slither back to the tank exit

for ease of transfer without the stress dfipg them off when they attach. Disease screening

was conducted following established protocols (Siefkes 2017).
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Pouched LampreyRun in the River DerwentTasmania (Australia)
Contributor: Jonah Yick (Inland Fisheries Servidgustralig
Background

Since the 1980s, the Inland Fisheries Service (IFS) have operated and managed a juvenile short
finned eelAnguilla australis(elver) and adult lamprey trap, situated at the base of Meadowbank
Dam on the River Derwenitlistorically, October and early November is the best period to

capture lamprey in large quantities. The lamprey run in the River Derwent is usually dominated
by Pouched_amprey Geotria australis)with no other sign of other lamprey species (Figure

A28).

Figure A28. Adult Pouched_amprey (Geotria australi$ oral disc (leftyandinside the trap
(right) (Photo cred#: Inland Fisheries Service).

Migrating lamprey areollectedandtrangportedfrom two Hydro Tasmania (HT) catchments,
MeadowbankDam onthe River Derwent and the Trevallyiailrace orthe Tamar River, into

various freshwater courses around the state. This operation is a joint effort through an agreement
made between IFS and HT in the late 1990s. HT dams have blocked migratory access to a
significant pr ogeachmerntstherefooefhe réstoskimppnogranbadows both

eels and lamprey to continue their life cycle further upstreantcarecpopulateareas of
particularecological valueSince 2007, numbers of adults returning to the trap have increased
(FigureA29).
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Figure A29. Total adult lamprey captures from the River Derwent (2RD0Z6).

Methods

At the base of the Meadowbank Dam is a static shased trap installed to capture any
upstrearmigrating elver and lamprey (FiguA80). Two slides, angled to provide adequate
water flow and sufficient rest areas, terminate beneath the river surface below the dam wall.
These slides lead migratory fish species upstream to a large holding tank where they are
entrapped. All lamprey caught the Meadowbank Dam trap are manually transported over the
dam wall and released into the Meadowbank Dam (FigGde.

Total annual lamprey caught are not representative of overall wild populations (kRf)rexs

the numbers are closely linked with when the trap is installed and opened, which can vary from
year to year. Although the ideal time to open the trap to coincide with the lamprey migration is in
mid-October, this is often delayed due to localizeddl@vents/high river levels which prevents

the trap from being installed and opened.
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Figure A30. IFS staff servicing the elver and lamprey trap (circled in red), at the base of the
Meadowbank Danftop), Meadowbank Lake elver trap components (bottom two ph@bs}o
Credits: Inland Fisheries Service).
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