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Executive summary

1 The Coastal, Columbia, and Snake Conservation Plan for Lampreys in Oregon (CPL) covers
four species:

Pacific Lamprey (anadromous)
Western River Lamprey (anadromous)
Western Brook Lamprey (resident)

o O O o

Pacific Brook Lamprey (resident).

1 The purpose of the CPL is to identify, acknowledge, and support actions needed to
conserve lampreys in the service of the mission of the Oregon Department of Fish and
Wildlife (ODFW)*. The CPL identifies management strategies to address factors limiting
lampreys, and research, monitoring, and evaluation (RME) needed to fill data gaps and
inform future status assessments for them. These management strategies and RME are for
ODFW to implement in coordination with other entities and landowners.

9 Pacific Lamprey is important to the culture of Native American tribes. Concerns expressed
by various tribes about Pacific Lamprey in the 1980s and 1990s precipitated increased
research and management actions for this species. These efforts have been led by various
tribes, the U.S. Fish and Wildlife Service (USFWS), and other entities to benefit Pacific
Lamprey.

1 Many of the actions called for in the CPL are ambitious and ODFW does not have the
capacity to execute these alone. ldentifying, acknowledging, and supporting collaborations
with tribes, watershed councils, the USFWS, and others is essential to implementing actions
identified in the CPL. These actions build upon existing and new efforts being carried out by
the aforementioned entities to benefit Pacific Lamprey and their habitats.

1 The CPL includes two scales: 1) population stratum and 2) Species Management Unit
(SMU). Biological status and management actions are determined at the stratum scale.
Seven strata exist for the lampreys covered in this plan (Table E1.1). The conservation unit
at which state listing (ESA and sensitive species status) is determined is the SMU scale.
The SMU for all lampreys is the State of Oregon.

1 Pacific Lamprey is the largest and most widespread lamprey in Oregon. The biology and
distribution of the other three lampreys is less well known. Sufficient data exist to assess
three measurable criteria for Pacific Lamprey, including distribution, adult abundance trends,
and connectivity. These criteria were analyzed to determine current status. Current status
for Pacific Lamprey prevalegté datr omsfiabgent sttata, v
SMU st asenséivewf ( iabl e E1. 1) .

1 Insufficient data prevented assessments of the measurable criteria for Western River
Lamprey, Western Brook Lamprey, and Pacific Brook Lamprey. This resulted in the overall
SMU status of fAsensitiveo for these three speci e

1 The Oregon Department of Fish and Wildlife has identified two desired outcomes:

! firo protect and enhance Oregon's fish and wildlife and their habitats for use and enjoyment by present
and future generations.o
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0 maintain and, where possible, improve the desired status of Pacific Lamprey in each
stratum by at least one level above the current status to improve the SMU status to
fstrong-guardedd ( Tabl e E1. 1)

o improve information on the other three lampreys so that their status can be
determined in the future (Table E1.1).

Based on current best knowledge, ODFW identified key limiting factors that are causing the
gap between current and desired status. These key limiting factors were identified through
interviews with ODFW district staff, literature reviews, and professional judgment. The
severity and geographical extent of these limiting factors was ranked. The top five key
limiting factors, in order of relative impact are: 1) access (passage), 2) water quantity, 3)
water quality, 4) physical habitat, and 5) predation by other species (Table E1.1).

Three complex, large-scale threats exacerbate these limiting factors: 1) climate change, 2)
estuary and ocean conditions, and 3) development relative to human population growth
(Table E1.1). These threats will have pervasive and interactive impacts to ecosystems used
by lampreys. This suggests the need to monitor climate change impacts to lampreys;
improve understanding of how estuarine and ocean conditions will affect recruitment of
anadromous lampreys; improve predictions of how development will affect freshwater
habitats of lampreys; and improve our understanding of the interactive effects of these
threats on factors limiting lampreys.

A combination of funding, adaptive management, and well-coordinated collaborations
among entities will be required to address limiting factors to lampreys and to offset
additional impacts of complex, large-scale threats.

Eight management strategies were identified to address key limiting factors and threats
(presented in order of priority in Table E1.1). The CPL calls for an adaptive approach to
implement new information and the best available science to improve these management
strategies.

Nine RME were identified to address key unknowns and management strategies for
lampreys (presented in order of priority in Table E1.1).
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Table E1.1. Summary of the statuses, key limiting factors and threats, management strategies, research, and needs for lampreys. i Bas el i ne 0

for lampreys, by the state of Oregon, prior to this Conservation Plan for Lampreys. fBaselinedincludes an interim status assessment of risk to extinction (ODFW 2005) and

species sensitivity (ODFW 2016). SMU = Species Management Unit; composed of up to seven population strata.

Pacific Lamprey Western River Lamprey

Western Brook Lamprey Pacific Brook Lamprey

Interim status: At risk Interim status: Not assessed Interim status: At risk Interim status: Not assessed
State listing: Sensitive State listing: Sensitive State listing: Sensitive State listing: Not listed
Rogue/South Rogue/South
Coast Cemma Coast
Coastal Coastal
Lower Undetermined
. Common Lower Columbia Lower Columbia Undetermined | Lower Columbia
Columbia .
Undetermined
Willamette Common Willamette Willamette
Mid Columbia Limited Mid Columbia Undetermined | Mid Columbia
Upper Snake
Sensitive Sensitive Sensitive Sensitive
Strong-Guarded Strong-Guarded Strong-Guarded Strong-Guarded

Access (passage and screening at artificial obstructions)

Water quantity (reduced flows, flow

management)

Water quality (high water temperature, sedimentation)

Physical habitat (stream and floodpl

ain degradation)

Predation by other species (particularly non-native fishes)

Climate change, estuary and ocean conditions, and development due to population growth

Education & outreach (New)

Passage & screening (New & Existing)
Protect & restore habitat (Existing)
Water conservation (Existing)

5) Translocation (New)

6) Establish in-water Best Management Practices (New)
7)  Modify non-native angling regulations (New & Existing)
8) Pinniped management (Existing)

Improve information on lamprey distribution (Monitor; New & Existing) 6) Assess complex, large-scale threats (New Research & Evaluation)
Prioritize artificial obstructions for passage & screening (New Evaluate) 7) Assess translocation (Monitor & Evaluate; New)

Inform passage & screening requirements (New Research)
Improve biological knowledge (New Research & Monitoring)
Estimate take (Monitor & Evaluate; New & Existing)

8) Estimate adult abundance (Monitor & Evaluate; New & Existing)
9)  Monitor diversity (New Monitoring)

- Address limiting factors through implementation of new and existing management strategies
- Address unknowns through implementation of existing and new research, monitoring, and evaluation
- Assess future status with greater certainty through improved information and techniques

5
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Chapter 1. Introduction

The CPL covers four species of lamprey (Table 1.1): Pacific Lamprey (anadromous), Western

River Lamprey (anadromous), Western Brook Lamprey (resident), and Pacific Brook Lamprey

(resident). These species collectivelyoccur i n Oregondés coastals. and Col u
This plan does not focus on the Klamath River drainage, where at least six other species of

lampreys occur (Table 1.1). Some of these Klamath lampreys are dealt with in other

management plans (including the Miller Lake Lamprey Conservation Plan, OAR 635-500-3885,

and the Klamath River Basin Fish Management Plan, OAR 635-500-3600 through 635-500-

3880).

I n support of t@Odokdand enmince®r egonds f i sahdtheind wi | dlI i f
habitats for use and enjoyment by present and future generations, conservation plans are called

for in the Native Fish Conservation Policy (OAR 635-007-0502 through 0509; ODFW 2003),

which has three goals:

1 prevent the serious depletion of the aforementioned lamprey species through various
management actions

9 maintain naturally-produced lampreys throughout Oregon, taking full advantage of the
capacity of natural habitats to produce these lampreys, to provide ecological, economic,
and cultural benefits to all Oregonians

9 provide sustainable opportunities for take, consistent with the conservation of naturally-
produced native fish.

Consistent with ODFWO0s missi on ahe@PLNantifiesre Fi sh Co
lamprey conservation needs. It does this by assessing current status, desired status, and

factors limiting lampreys. These are used to identify management strategies and RME needed

to fill data gaps and inform future status assessments for these lampreys.

Prior to the CPL, numerous important efforts have already occurred and are occurring by tribes,
the USFWS, USACE, ODFW, and other entities to benefit Pacific Lamprey across their range
and in Oregon (Table 1.2; CRITFC 2011; Luzier et al. 2011; CRITFC et al. 2018; USFWS 2018).
The CPL acknowledges and supports this important work and identifies additional efforts
needed across Oregon. Although some of the existing and new efforts for Pacific Lamprey can
benefit and shed light on the biology of other lampreys addressed in the CPL, additional work
will also be needed to benefit Western River Lamprey, Western Brook Lamprey, and Pacific
Brook Lamprey.

ODFW does not have the capacity to implement the ambitious management strategies and
RME called for in the CPL alone. Given existing leadership and efforts by tribes, the USFWS,
and others, ODFW will cooperatively support these existing efforts and collaboratively initiate
new ones to benefit lampreys and their habitats, as guided by the CPL. ldentifying, supporting,
and acknowledging collaborations with tribes and other partners interested in lamprey
conservation will be essential to implementing the strategies and RME called for in this plan.
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Table 1.1. Lamprey species of Oregon. The four species covered in the CPL are noted in bold. Details
on the biology of these lampreys are discussed in Chapter 2. The scientific names of these and other
animals mentioned in the CPL are provided in Appendix 1.

Common name
- Pacific Lamprey
- Western River Lamprey
- Western Brook Lamprey
- Pacific Brook Lamprey
- Northern California Brook Lamprey
- Miller Lake Lamprey
- Pit-Klamath Brook Lamprey
- Klamath River Lamprey
- Klamath Lake Lamprey
- Goose Lake Lamprey

BACKGROUND

The first lamprey found in the fossil record dates back 360 million years ago (Gess et al. 2006).

This ancestral lamprey looks very similar to lamprey species alive today (Gess et al. 2006;

Janvier 2008). Lampreys have lived through at least four global mass extinction events

(Barnosky et al. 2011), suggesting they have been resilient to environmental upheavals that

extirpated many other species. A total of 4171 44 lamprey species are recognized worldwide

(Potter et al. 2015; Maitland et al. 2015). At least 10 of these species are native to Oregon,

making Oregon a fAhot spot o ofb Maklkpole Vablellily er si ty (

Pacific Lamprey was the first of the four lampreys covered in the CPL (Table 1.1) to be
described by science (Table 1.2). One-hundred and twenty-two years later Western River
Lamprey was the next to be described, followed seven to 15 years later by Western Brook
Lamprey and Pacific Brook Lamprey (Table 1.2). Biologists soon considered Pacific Brook
Lamprey to be the same species as Western Brook Lamprey. However, recent morphological
and genetic information suggests that Pacific Brook Lamprey is a unique species (Reid et al.
2011).

Pacific Lamprey is an important part of the culture of Native American tribes that use them for
ceremonial, medicinal, and food purposes (Downey et al. 1996; Close et al. 2002, 2004;
Petersen-Lewis 2009; CRITFC 2011; Sheoships 2014). Harvest of Pacific Lamprey sometimes
referred to as fi e e ih thedvernacular, has occurred for thousands to tens of thousands of years
(Downey et al. 1996; CRITFC 2011). In the 1980s and 1990s concerns by Native American
tribes over the biological status of Pacific Lamprey led them to champion their importance and
urge actions to stop their decline. I n 1993 ODFW
species. By 1996 the Oregon Fish and Wildlife Commission (OFWC) approved restrictions on
harvest and harvest methods of Pacific Lamprey. In 2002 the OFWC approved a ban of
commercial harvest on Pacific Lamprey (Table 1.2). In 2003 interest in the plight of Pacific
Lamprey, Western Brook Lamprey, and Western River Lamprey culminated in a petition to list
these species under the Endangered Species Act (ESA 1973). The 90-day finding by the U. S.
Fish and Wildlife Service (USFWS) concluded that listing was not justified, due to two factors:

1) a paucity of information on the biology of these lampreys and threats to them, and 2) a lack of
population structure in Pacific Lamprey (USFWS 2004; Table 1.2).

Historically lampreys have not been a focus for research and monitoring (Close et al. 2002;
Kostow 2002; Moser et al. 2007; Mesa and Copeland 2009; Clemens et al. 2017a). However,
interest in lamprey conservation, particularly for Pacific Lamprey, has increased dramatically
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over the last two decades. An increasing number of conservation plans, information reviews,
highlights of information gaps, and scientific and management actions have occurred during this
period (Table 1.2). Of particular importance to the Snake and Columbia river basins (and
therefore large parts of Oregon), are the Tribal Pacific Lamprey Restoration Plan (TPLRP) and
t he A Ma s tPacific Le&dpreynArtificial Propagation, Translocation, Restoration, and
Researcho( i Ma s t e set fétth laythé Columbia River Inter-Tribal Fish Commission and
some of its member tribes (CRITFC 2011; CRITFC et al. 2018). The federally-coordinated
Pacific Lamprey Conservation Initiative (PLCI) is a regional strategy that covers California,
Oregon, Idaho, Washington, and Alaska (Luzier et al. 2009 and 2011; USFWS 2012).

The TPLRP for the Columbia River Basin was written by the Columbia River Inter-Tribal Fish

Commission (CRITFC), which is composed of four member tribes: the Nez Perce Tribe, the

Confederated Tribes of the Umatilla Indian Reservation, the Confederated Tribes and Bands of

the Yakama Nation, and the Confederated Tribes of the Warm Springs Reservation of Oregon.

This plan originated from tribal lamprey summits (Table 1.2), with the goals of halting the decline

of Pacific Lamprey, and rest or i n @numbeesthattprovide ug ho u't
for the ecological integrity and sustainable tribal harvestd ( p. i v i n CRPIRPC 2011).
focuses on actions to address key uncertainties and address threats.

Six objectives were identified in the TPLRP as important to restoring Pacific Lamprey, which are
stated here verbatim: 1) Improve lamprey mainstem passage, survival and habitat; 2) Improve
tributary passage and identify, protect, and restore tributary habitat; 3) Supplement/Augment
interior lamprey populations by reintroduction and translocation of adults and juveniles into
areas where they are severely depressed or extirpated; 4) Evaluate and reduce contaminant
accumulation and improve water quality for lamprey in all life stages; 5) Establish and
implement a coordinated regional lamprey outreach and education program within the region;
and 6) Conduct research, monitoring and evaluation of lamprey at all life history stages. The
Master Plan identifies specific actions for supplementing and augmenting basins in the interior
Snake and Columbia rivers through release of artificially-propagated Pacific Lamprey and
translocation of adult Pacific Lamprey. The Master Plan also identifie
streams (those for which hatchery releases and translocations will not be occurring) with which
to compare various biological responses of these actions (CRITFC et al. 2018).

The PLCI is driven by partnerships to improve the status of Pacific Lamprey throughout its
range in the United States. Through this initiative the partners coordinate and implement RME,
conservation, and restoration actions. The PLCI is composed of an assessment (Luzier et al.
2011), a conservation agreement (USFWS 2012), and regional implementation plans with
collaborations among multiple partners (USFWS 2012, 2015, 2018). The conservation
agreement is a cooperative effort among entities to improve habitats, reduce threats, and
improve the population status of Pacific Lamprey. Interest in lamprey across many sectors has
grown and ODFW is one of many signatories to the Pacific Lamprey Conservation Agreement
(USFWS 2012).

In 2016, realizing that its involvement in lamprey management required a greater focus, ODFW

created a position dedicated to lamprey conservation and management. This position has

greatly increased ODFW6s capacity to conduct -specificawork,ety of di
collaborate with others involved in lamprey actions, and developthe CPLt hat wi |l |l focus C
priorities in adaptive management strategies and research to conserve lampreys.
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Table 1.2. Timeline of key actions for lampreys covered in the CPL. Adapted from Clemens et al. (2017a).

Year Action Citations
1836 Pacific Lamprey from Willamette River Basin described as new species Gairdner in Richardson et al. (1836)
1958 Western River Lamprey re-described as a unique species Vladykov and Follett 1958
1965 Western Brook Lamprey described as a new species Vladykov and Follett 1965
1973 Pacific Brook Lamprey from Clackamas River described as new species Vladykov 1973
1993 Pacific Lamprey listed as a sensitive species in Oregon Kostow 2002; ODFW 2016; OCS 2017
1994 Due to tribal concerns, Northwest Power and Conservation Council (NWPCC) directs lamprey work
1994 First tribal lamprey project initiated
1995 Status report of the Pacific Lamprey in the Columbia River basin Close et al. 1995
19952 Formation of Columbia River Basin Lamprey Technical Workgroup
1996 Harvest and harvest methods restricted in Oregon ODFW 2006
1999 After 30 year hiatus, adult daytime counts at Bonneville Dam resume
1999 Umatilla River Basin recovery plan developed, approved and implemented
2000 Adult translocation begins in the Umatilla River, Oregon Close 2000
2002 Commercial harvest of lamprey banned in Oregon
2003 Petition to list several lamprey species under the Endangered Species Act USFWS 2004
2004 Western Brook Lamprey listed as a sensitive species in Oregon ODFW 2016; OCS 2017
2004 Finding that ESA listing not warranted USFWS 2004
2004b Columbia River Inter-Tr i b al Fish Commimmmitlonds Lamprey Su
2005 Critical uncertainties for Pacific Lamprey document CRBLTWG 2005
2005 Pacific Lamprey and Western Brook Lamprey |isted a ODFW 2006
2007 U.S. Fish and Wildlife Service commences Pacific Lamprey Conservation Initiative (PLCI) Luzier et al. 2009, 2011; USFWS 2012
2008 U.S. Army Corps of Engineers6 (USACE) Adult Lampr e USACE 2008
2008b CRITFC Lamprey Summit II; Draft Tribal Pacific Lamprey Restoration Plan
2011 Pacific Brook Lamprey from Clackamas River verified as unique species Reid et al. 2011
2011 Pacific Lamprey Assessment and Template for Conservation Measures Luzier et al. 2011
2011 Tribal Pacific Lamprey Restoration Plan for the Columbia River Basin CRITFC 2011
2012 U.S. Bureau of Reclamation assessment of projects USBR 2012
2012 Lamprey Summit Ill; Pacific Lamprey Conservation Agreement established USFWS 2012
2013 Western River Lamprey listed as a sensitive species in Oregon ODFW 2016; OCS 2017
2013 U.S. Fish and Wil dl plénentafian (consecvation plansangiatedin al i m
2014 USACE Adult Lamprey Passage Plan, revised USACE 2014
2014 Nort hwest Power and Conservation Councilés Fish & NWPCC?2014
2015° Regional implementation plans for Pacific Lamprey management units USFWS 2015
2016 ODFW creates a Statewide Lamprey Coordinator posit
2017 Lamprey Summit IV
2018 Lamprey Master Supplementation plan approved through Independent Science Review Panel and NWPCC CRITFC et al. 2018
2018 Bonneville Power Administration and NWPCC establish funding for Pacific Lamprey in the Columbia Basin

a
Established by the NWPCC to coordinate lamprey projects through the Bonneville Power Administration. This group now focuses on issues within and outside of the Columbia River basin.

Lamprey Summits were led by the Columbia River Inter-Tribal Fish Commission (CRITFC) to celebrate Pacific Lamprey and to provide opportunities for CRITFC tribes to meet with agencies
to plan restoration of this species. Lamprey Summit Il culminated in the tribal restoration plan (CRITFC 2011), Lamprey Summit Il culminated in the Pacific Lamprey Conservation Agreement
(USFWS 2012), and Lamprey Summit IV culminated in re-signing of this agreement.

c
Includes the development of prioritized conservation actions through the Pacific Lamprey Conservation Agreement (USFWS 2012).

9
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Chapter 2. Biology and management units

This chapter provides an overview of lamprey biology and concludes with a presentation of
management units. Knowledge of lamprey biology forms the foundation of the CPL. A more
thorough review of their diversity and ecology is presented in Appendix 3.

Lampreys are primitive, eel-like fishes. Instead of bones, lamprey bodies are supported by
cartilage. Lampreys have no jaws, paired fins, or a swim bladder. They have a single nostril,
seven branchial pores or gill pouches on either side of their head, two dorsal fins, and a caudal
fin.

The four species of lampreys covered in the CPL express a wide range of life histories, life
styles, feeding strategies, and upstream migration distances in freshwater (Table 2.1). Larvae
range in length from < 171 7 in (Table 2.1). Transformed individuals of the parasitic lamprey
species, Pacific Lamprey and Western River Lamprey, have eyes and mouths that are relatively
large compared with their body sizes. The sucker mouth (also known as oral disc) of these
parasitic lampreys is an adaptation for feeding on prey in seawater, including teeth and a
rasping tongue (Figure 2.1; Manzon et al. 2015).

Figure 2.1. Adult Western River Lamprey captured from the Yaquina River, shown attached by its oral
disc to the side of a plastic tank. Image from Trevan Cornwell, ODFW.

Table 2.1. Body sizes, migratory life history (A = anadromous; R = resident), maximum upstream
migration distances, and adult feeding behavior of lampreys covered in the CPL. References: Vladykov
(1973); Moyle (2002); Orlov et al. (2008); IDFW (2011); Reid et al. (2011); Renaud (2011); Mcllraith et al.
(2015) Moser et al. (2015b); Potter et al. (2015), and Weitkamp et al. (2015).

Max larval Adult body Life Max . .
Common name o o upstream Juvenile feeding mode
body size (in) size (in) style (mi)
Pacific Lamprey 8 137 33 A Up to 746+ Parasitic (blood)
Western River Lamprey 8 47 12 A Unknown Predator (tissue)
Western Brook Lamprey 8 31 7 R Unknown Non-feeding
Pacific Brook Lamprey 8 4i 7 R Unknown Non-feeding

LIFE HISTORY

Pacific Lamprey (Figure 2.2) and Western River Lamprey (Figure 2.1) are the largest of the four
lampreys covered in the CPL, and they are anadromous and parasitic. Western Brook Lamprey

10
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(Figure 2.3) and Pacific Brook Lamprey are the smallest lampreys covered in the CPL, and
these species live their entire lives in freshwater and do not feed as adults (Table 2.1).

All lampreys are nocturnal (Moser et al. 2015a, b). During the day, larvae tend to stay in
burrows at the bottom of the streambed and upstream migrating adults tend to conceal
themselves with some form of cover (Clemens et al. 2012a). Larvae and juveniles enter the
water column for downstream migration and adults migrate upstream at night (Goodman et al.
2015; Moser et al. 2015a, b).

Similarities and differences exist among the life stages of anadromous and resident lampreys.

All lampreys have larval and adult stages®. A key difference is that anadromous lampreys have

a juvenile life stage, whereas resident lampreys do not. Transformed, anadromous lampreys

are sexually immature juveniles, whereas transformed, resident lampreys sexually mature soon
after metamorphosis (Appendix 2; Docker 2009; Moser et al. 2015b; Potter et al. 2015).

Juvenile lampreys grow as they feed on prey in the estuary or ocean before returning to fresh
water to spawn. Anadromous lampreys returning to freshwater to spawn are i a d u Appendix (
2). All lampreys die after spawning (Johnson et al. 2015). The life stages are described below.

Figure 2.2. Adult Pacific Lamprey collected from Willamette Falls during one collection date (range in
body length: 217 27 in). Image from Benjamin Clemens, ODFW.

Figure 2.3. Adult Western Brook Lamprey (> 6 in body length) from the Willamette Basin. Image from
Benjamin Clemens, ODFW.

e Appendix 2 for recommended life stage terminology.

11
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Larval

Larval lamprey (~0.3 in) dislodge from interstitial spaces between gravel at about three to four
weeks post-egg fertilization (Meeuwig et al. 2005; Renaud 2011; Lampman et al. 2016). They
disperse downstream until suitable burrowing habitat is found or spring flows subside (Dawson
et al. 2015). As eyeless larvae, lampreys reside in burrows in low flow (depositional) areas of
streams, within soft substrates, primarily composed of silt, sand, and organic matter (Dawson et
al. 2015). Larvae occur in lower portions of large rivers including the deltas of tributary river
mouths (Jolley et al. 2012; Harris and Jolley 2016), in large river channels (Jolley et al. 2012),
wadable streams (Torgersen and Close 2004; Renaud 2011), and side channels (Schultz et al.
2014).

The larval life stage for lampreys (Figure 2.4) generally lasts for 3 7 8 yrs (Dawson et al. 2015;
Moser et al. 2015a), with recent data indicating that some larval Pacific Lamprey are ~10 yrs old
(Jon Hess, Columbia River Inter-Tribal Fish Commission, unpubl. data). Within their burrows,
larvae orient with their funnel-shaped mouths towards the substrate/water interface, where they
filter feed on fine particulate matter (detritus, diatoms; Dawson et al. 2015). Larval lamprey may
exit the substrate at night to move upstream or downstream (Quintella et al. 2005; Goodman et
al. 2015; Moser et al. 2015a). The extent of daily movements by individual lampreys in Oregon
is unknown, but may be like other species of lampreys. For example, larval Sea Lamprey in
Europe were documented moving 1 7 90 ft over a two-month period (Quintella et al. 2005).
Larval lamprey may emigrate throughout the year (Hayes et al. 2013; Moser et al. 2015a).
Larval lamprey passively distribute downstream at night and this can be facilitated with high
river flows. They may be scoured from the substrate at very high flows (Moser et al. 2015a).

A

Figure 2.4. A. Larval lamprey (< 1in body length). To envision the size and shape of these fish,

consider that lamprey biologists often refer to this tiny lampreyas feyel ashesd or fpine nee
B. Larval Pacific Lamprey (3.5 in long). The size of each fish is shown at the same scale. Images from

Benjamin Clemens, ODFW.

Transformation

All larval lampreys undergo metamorphosis (her e i n, At r a dusnf whicimtheiri on 0 )
anatomy, physiology, and behavior change significantly. Lampreys transform as a result of
external environmental cues and internal physiological cues related to growth and internal fat
content. Metamorphosing lampreys stop feeding, shrink in body size, and undergo color

changes (Manzon et al. 2015). They develop eyes and their mouths change from a funnel-
shaped opening for filter feeding to a sucker disc. Transformation tends to occur late in the year
(Table 2.2) and the timing varies by geographic location. The sex of lampreys changes during
transformation from sexually indistinct (pre-transformation) to either distinctly male or female

post transformation (Hardisty 1971; Clemens et al. 2012c).
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Both parasitic and non-parasitic lampreys develop teeth. However, parasitic lampreys develop
more and sharper teeth (Renaud 2011; Manzon et al. 2015). Upon transformation, Pacific
Lamprey and Western River Lamprey develop proportionally large eyes, well-developed oral
discs with teeth adapted to attach to prey, and a tongue piston adapted to rasping into prey
flesh for feeding. At this point, these species are juveniles.

Upon transformation, resident brook lampreys (Western Brook Lamprey and Pacific Brook

Lamprey) have eyes that are small relative to body size (Figure 2.3). Brook lampreys do not

feed after transformation. Unlike parasitic lampreys, newly transformed brook lampreys are

near sexual maturation,andtheyc an be call ed fAadul t sbhsmaysapendi x 2
burrowed in the substrate of the streambed until spring when they emerge and migrate to

spawning grounds (Pletcher 1963).

Table 2.2. General life history traits of lampreys. Return and spawning seasons may occur earlier at
lower latitudes, and depend upon the total upstream migration distance (Clemens et al. 2010). NA = not
applicable. References: Ralph Lampman (Yakama Nation; pers. comm.); Scott and Crossman (1973);
Kan (1975); Beamish (1980); Beamish and Youson (1987); Beamish and Levings (1991); Whyte et al.
(1993); van de Wetering (1999); Meeuwig et al. (2005); McGree et al. (2008); Brumo et al. (2009);
Clemens et al. (2010, 2013, and 2017a); Renaud (2011); Dawson et al. (2015); Moser et al. (2015a, b);
Jolley et al. (2016).

Pacific Lamprey Weftern River Western Brook Pacific Brook
amprey Lamprey Lamprey
Transformation & Juli Dec Juli Apr Aug 7 Nov Autumn (Oct)
Juvenile outmigration  Autumn i Spring Apri Jul ¢ NA NA
Ocean rearing O 3yrs5 <lyr NA NA
Return timing Mari Sep Sepi late winter NA NA
Upstream migration 01 2+yrs Few mos Few mos Few mos
Age at maturity b 47 13yrs 57 9yrs 51 7 yrs Unknown
Spawning Mar 1 Aug Apri1 Jun Apri Jul Apri Aug
Fecundity (no. eggs) 98,000-238,400 11,398-37,288 1,100-3,700 Unknown

a_, . . L . . . .

This information is based on published studies, and little research has been conducted on Western River Lamprey, Western Brook
Lamprey, and Pacific Brook Lamprey relative to Pacific Lamprey. Transformation dates may not be significantly different among
species, and may be more a function of regional differences.

b . . . )
These age estimates are variable and uncertain, particularly for Western Brook Lamprey.

c ) L .
Of the year following transformation in coastal rivers.

Juvenile

The term, Aj uvpmnmditiclempreys 8Ppcjid Liarapsey dndWestern River Lamprey;
Appendix 2). Recently transformed, parasitic lamprey (Figure 2.5) and those that have been
feeding in seawatera r e fi j u Byecontrdstdasnpreys migrating upstream to spawning
grounds are adults (Figures 2.1 7 2.3; Appendix 2). Juveniles tend to be found on or near the
surface of the substrate, and can be associated with gravel (Beamish 1980). This may facilitate
their downstream movement towards the sea. Downstream migrations of juvenile lampreys are
thought to be passive, although some directed swimming movements may position them into
current (Moser et al. 2015a). Most downstream migration occurs during the nighttime (Liedtke
et al. 2019). Juvenile lampreys undergo downstream migrations during high water events from
autumn through spring (Table 2.2; Dawson et al. 2015; Goodman et al. 2015). The duration of
ocean rearing differs between anadromous lampreys, with the larger Pacific Lamprey having the
potential to rear in seawater for a longer time period than Western River Lamprey (Table 2.2).
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Figure 2.5. Juvenile Western River Lamprey (top image; 5 in body length) and Pacific Lamprey (bottom
image; 4 in body length). Image credits, top to bottom: NOAA Fisheries and Benjamin Clemens
(ODFW).

Adult

The return season of Pacific Lamprey and Western River Lamprey differs, appearing to be
longer and more flexible for Pacific Lamprey than Western River Lamprey (Table 2.2).
However, little research has been conducted on Western River Lamprey. Anadromous,
parasitic lampreys grow large from feeding on prey, and they have greater fecundity (numbers
of eggs) than the resident brook lampreys (Table 2.2). Adult Pacific Lamprey have been found
in the Columbia River estuary January i May (Weitkamp et al. 2015), which along with other
information (Table 2.2) suggests a return season of March i September. Because the duration
of the return migration for Pacific Lamprey can range from a few months to a few years (Table
2.2), adult lamprey may exist within a particular river throughout the year. Language has been
suggested to categorize the upstream migration for adults, including: 1) an initial migration, 2)
pre-spawning holding, and 3) final migration/spawning (Robinson and Bayer 2005; Clemens et
al. 2010, 2012a, and b).

Migratory pheromones

Lampreys communicate with each other by releasing and detecting pheromones (biochemical
messages detected by smell) and they can be attracted to pheromones of other lamprey
species (Fine et al. 2004; Moser et al. 2015b). Migratory pheromones are released by larval
lamprey and attract adult lamprey to suitable spawning and rearing habitats (Fine et al. 2004;
Yun et al. 2011; Moser et al. 2015b).

Migratory pheromones from larval Pacific Lamprey may not always be necessary to cue this
species to rivers for spawning. A growing body of evidence indicates that Pacific Lamprey
recolonize habitats in various river basins that were formerly blocked by dams, rock slides or
volcanic eruptions (Maitland et al. 2015; Clemens et al. 2017a; Moser and Paradis 2017; Jolley
et al. 2017). It is unknown if these recolonizing Pacific Lamprey were attracted to the migratory
pheromones of resident brook lampreys in those rivers or whether Pacific Lamprey cued their
migrations into those rivers to spawn by other means.

Lampreys also respond to alarm cues and predator odors and may be deterred from migration
when dead lamprey or predators are present. However, responses vary and require further
study (Imre et al. 2014; Porter et al. 2017).

Spawning

Spawning occurs in the spring (Table 2.2) and depends upon external environmental cues and
internal physiological cues (Sower 2003; Clemens et al. 2010). In coastal Oregon, relatively low
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flows and warm water temperatures were likely associated with earlier spawning, whereas
relatively high river flows and cool water temperatures are associated with the slowing or even
cessation of spawning (Brumo et al. 2009; also see Appendix 3). All lampreys die after
spawning (Renaud 2011; Johnson et al. 2015). Depending on the species, lampreys die within
hours to weeks of spawning (Pletcher 1963; Beamish 1980; Renaud 2011).

Male Pacific Lamprey may arrive at spawning grounds earlier than females (Scott and
Crossman 1973; Clemens et al. 2010). Male Pacific Lamprey may release pheromones that
attract females to nests (redds; Robinson et al. 2009; Yun et al. 2014; Moser et al. 2015b).
Pacific Lamprey excavate redds by attaching their oral discs to rocks and moving them to the
perimeter of a circular depression that becomes the redd (Stone 2006; Gunckel et al. 2009).
Pacific Lamprey spawn in groups of two to four individuals in these gravel-lined redds (Stone
2006; Starcevich et al. 2014; Johnson et al. 2015), although recent information indicates that up
to eight individuals may spawn together in a redd comprised of a pile of rocks (e.g., in the Eel
Lake Basin, Lakeside, Oregon; Richard Litts, Tenmile Lakes Basin Partnership, unpubl. obs.).
Individual males may spawn with multiple females in multiple locations (Scott and Crossman
1973; Starcevich et al. 2014). The fecundity of Pacific Lamprey is much greater than the other
lampreys (Table 2.2).

Little information is available on the spawning behavior of Western River Lamprey. The
numbers of individuals involved in spawning is unknown, but given their body size and inter-
relatedness to Western Brook Lamprey, spawning may include up to several individuals
(Johnson et al. 2015). Western River Lamprey and Western Brook Lamprey can spawn
together and produce offspring (Beamish and Neville 1992; Docker et al. 1999; Docker 2009).

Redd excavation and spawning by Western Brook Lamprey is similar to Pacific Lamprey, albeit
with more lamprey involved, in shallower water, and using smaller substrate than Pacific
Lamprey (Appendix 3). Western Brook Lamprey may rely on their tails more than their mouths
or heads to excavate gravel from a redd (Scott and Crossman 1973). Western Brook Lamprey
spawn within groups of up to 12 individuals (Scott and Crossman 1973; Stone 2006).
Information is currently unavailable on the spawning characteristics of Pacific Brook Lamprey.
However, given their inter-relatedness with Western Brook Lamprey, the spawning
characteristics may be similar.

DISTRIBUTION

All lampreys in the CPL overlap in their distributions (Figures 2.6 1 2.9). Pacific Lamprey are
the most widely distributed lamprey along the West Coast of North America. The distribution of
Pacific Lamprey ranges from Baja, Mexico north to the Bering and Chukchi seas off Alaska
(Renaud 2008). Pacific Lamprey are broadly distributed in Oregon (Figure 2.6) and are found
primarily in large, low elevation streams (Gunckel et al. 2009).

Western River Lamprey occupy watersheds with large estuaries in in the Salish Sea, Puget
Sound, Columbia, and Sacramento rivers (Potter et al. 2015; Stewart Reid, Western Fishes,
pers. comm. 2016). Their distribution is not fully understood. Western River Lamprey have
been collected at Bonneville Dam (Vladykov and Follett 1958). A single juvenile Western River
Lamprey was found at each of two previously undocumented locations, including within the
Siletz River (Docker 2009), and in the mid-Columbia River, entering John Day Dam from
upstream, 216 miles from the ocean (Jolley et al. 2016; Figure 2.7). Finally, Western River
Lamprey has been found more recently in the Yakima River in Washington (Ralph Lampman,
Yakama Nation, pers. comm.).
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The distribution of Western Brook Lamprey ranges from California (Moyle 2002) north to Alaska
(Potter et al. 2015). Western Brook Lamprey is distributed throughout Coastal Oregon (Boguski
et al. 2012) and into the Willamette and mid-Columbia Figure 2.8). This lamprey is found
primarily in higher elevation sites, with relative small active channel widths, including headwater
streams (Gunckel et al. 2009). However, Western Brook Lamprey can also be found in
mainstem rivers at lower elevations (e.g., the lower Yakima River and the South Umpqua River
near the city of Canyonville; Ralph Lampman, Yakama Nation pers. comm.; Kelly Coates, Cow
Creek Tribe of Umpqgua Band of Indians, pers. comm.). The distribution of Pacific Brook
Lamprey is less well understood, but it includes the Lower Columbia and Willamette (Reid et al.
2011). Distribution records occur elsewhere in coastal Oregon (Figure 2.9).

Pacific Lamprey
Entosphenus tridentatus

——— Historical distribution based on observation

Current distribution based on observation
( 1,300 observations )

Oregon Fish Habitat Distribution Database
Oregon Department of Fish and Wildlife, 2019

Figure 2.6. Known distribution of Pacific Lamprey in Oregon.
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.

Western River Lamprey
Lampetra ayresii

L] 20 40 60 20

Mapped distribution based on
upstream documented observation

% Fish Habitat Distribution Database
(7 observations ) B e L ol

Figure 2.7. Documented distribution of Western River Lamprey in Oregon.
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Figure 2.8. Observation points for Western Brook Lamprey in Oregon.
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Pacific Brook Lamprey 0 “ i o

Lampetra pacifica

Pacific Brook Lamprey
documented observations
Oregon Fish Habitat Distribution Database

(55 observations) Oregon Department of Fish and Wildiife, 2018

Figure 2.9. Observation points for putative specimens of Pacific Brook Lamprey (identifications based on
morphology and subject to verification) in Oregon. Beyond the initial species description of Pacific Brook
Lamprey from the Clackamas River (Vladykov 1973) and its recent re-description (Reid et al. 2011), little
work has been done on this species. However, they have been collected from 55 locations in Oregon,
within the northern coast of Oregon and the Willamette Basin.

MANAGEMENT UNITS

The CPL includes two scales: 1) population stratum and 2) Species Management Unit (SMU).
Biological status and management actions were determined at the stratum scale. Seven strata
exist for the lampreys covered in this plan (Table 2.3 and Figure 2.10). The conservation unit at
which state listing (ESA and sensitive species status) is determined is the SMU scale. The
SMU for all lampreys is the State of Oregon.
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Genetic structuring of lampreys occurs at regional levels that overlap with strata in Oregon
(Appendix 3). Unlike adult salmon and steelhead, adult Pacific Lamprey do not home to the
same streams from which they were born (reviewed in Appendix 3). Information on homing for
other lampreys is unclear (Appendix 3). Detailed monitoring for lampreys is lacking across
many watersheds. Management and research of lampreys at the stratum level is where
improvements in status and information may be most easily attained. A comparison between
O D F Wétmta and the USFWS6 s Re g i 0 n a Int UNlta foraPgcéiarLeamprey is shown in

Table A4.1 of Appendix 4.

Table 2.3. Distribution of lampreys relative to population strata. NA = not applicable at this time because
the current, documented or likely distribution does not include these population strata.

Pacific Lamprey ~ Western River Lamprey Western Brook Lamprey Pacific Brook Lamprey
Rogue/South Coast X NA X NA
‘g Coastal X X X NA
g Lower Columbia X X X X
lE Willamette X NA X X
ng_L Mid Columbia X X X NA
Lower Snake X NA NA NA
Upper Snake Extirpated NA NA NA

et s | Mid Columbia
Willamette

Upper Snake

Rogue/South Coast
0 25 50 100 Miles
I

Figure 2.10. Map showing the seven population strata used for the lampreys in this conservation plan.
These seven strata form the basis of a single, statewide Species Management Unit for each species.

20



Coastal, Columbia, and Snake Conservation Plan for Lampreys in Oregon
FINAL; Febuary 2020

Chapter 3: Current biological status

This chapter presents analyses of measurable criteria and status assessments for Pacific
Lamprey. Sufficient data existed to assess three measurable criteria, including distribution
(measurable criterion 6a, Table 3.1), adult abundance trend (measurable criterion 6b, Table
3.1), and connectivity (measurable criterion 6d, Table 3.1)°. Lack of data precluded
assessments of measurable criteria and status for Western River Lamprey, Western Brook
Lamprey, and Pacific Brook Lamprey.

Species distribution models (SDMs) were used to predict the probability of occurrence
(distribution) for Pacific Lamprey. The SDMs were informed by lamprey presence/absence data
and environmental data that might predict lamprey occurrence. This was done where sufficient
data existed in Western Oregon (Table 3.1). General abundance trends for Pacific Lamprey
were assessed (Table 3.1). To ascertain abundance trends for adult Pacific Lamprey, data from
dam counts, spawning ground surveys, and mark/recapture estimates were analyzed using
simple statistical correlations and professional opinion of graphical trends. Connectivity was
assessed (Table 3.1) by identifying and enumerating key artificial obstructions.

Table 3.1. Measurable criteria used to assess current status, per the Native Fish Conservation Policy
(OAR 635-007-0502 through 0509; ODFW 2003). Approaches address the criterion for where data exist
for Pacific Lamprey (PL). PS = population strata: RSC = Rogue/South Coast; CST = Coastal; LC =
Lower Columbia; WI = Willamette; MC = Mid Columbia; LS = Lower Snake, and US = Upper Snake.

Measurable criteria Approaches Species Data Sources (and PS)

6a. Distribution of populations within unit Species distribution models PL Various (RSC, CST, LC, WI)

Adult dam counts (RSC, CST, LC, W,

MC, LS, US)
6b. Adu]t fish abundance for constituent Adult abundance trends PL Extrapolatu_)ns of conservative
populations abundance indices from redd surveys
(CST, LC, WI)
Abundance estimates (LC, WI, MC)
6c. Within and among population diversity Not currently possible to assess - Currently none
6d. Pooulati divit Enumerate major artificial PL Barrier database (RSC, CST, LC, W,
- Fopuiation connectivity obstructions to anadromy MC, LS, US)
6e. Survival rate to each critical life stage Not currently possible to assess - Currently none
6. Standardized rate of population growth for Not currently possible to assess - Currently none

constituent natural populations

6g. Forecast likelihood of species
management unit persistence in the near and
long terms

Not currently possible to assess Currently none

3 At least five main challenges exist for monitoring lampreys. These challenges preclude traditional
assessments of population status: 1) Pacific Lamprey do not home to natal streams, consequently
population structure within watersheds cannot (yet) be identified, 2) long term, accurate count data at
dams is lacking, 3) standardized biological surveys are lacking, 4) recruits per spawner data are not
available, and 5) the ages of individuals cannot (yet) be reliably estimated (USFWS 2004; Moser et al.
2007; Clemens et al. 2017a).
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ANALYSES TO ASSESS MEASURABLE CRITERIA
Distribution

To assess distribution of Pacific Lamprey (measurable criterion 6a; Table 3.1), the probability of
occurrence was modeled for the Rogue/South Coast, Coastal, Lower Columbia, and Willamette
population strata using logistic regression (Figure 3.1). A lack of distribution data for Pacific
Lamprey in Eastern Oregon precluded development of SDMs in the Mid Columbia, Lower
Snake, and Upper Snake population strata. Candidate models were developed using
environmental variables hypothesized to influence the distribution of Pacific lamprey. Three
types of models were considered during model development: 1) simple, temperature and flow
only models, 2) the full, global model excluding interactions and polynomial relationships, and 3)
models containing both polynomial terms and/or interactions. Multicollinearity was evaluated
among predictor variables and two different statistics were used to exclude and/or retain
variables. Logistic regression models were evaluated using Akaike Information Criterion (AIC)
values and Akaike weights (Burnham and Anderson 2002). Model validation was conducted for
the candidate models and the null model. Appendix 5 provides a more thorough description of
the methods.

The SDMs modeled suitable (rather than available) habitat for lampreys, so these models did
not control for artificial obstructions that could prohibit upstream distribution. Data for
occurrence and variables that could predict occurrence were used to develop SDMs. Details on
SDMs are presented in Appendix 5. The main results are reported in Table 3.2 and the
following bullets:

1 the probability of occurrence of Pacific Lamprey is generally highest in the Coastal
stratum

1 the probability of occurrence of Pacific Lamprey declines in the eastern, interior-most
portions of all strata examined (in association with the presence of major dams), and in
other portions of the Rogue/South Coast and Coastal strata (Figure 3.1).
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Figure 3.1. Probability of occurrence of Pacific Lamprey across population strata in Western Oregon,
including the Rogue/South Coast, Coastal, Lower Columbia, and Willamette strata. The probability of
occurrence is based on the best distribution model for baseline (1993 1 2011). The color ramp represents
the probability of occurrence, with red being the lowest and blue the highest. Oregon inset shows the
state boundary with the four PS included in this analysis.
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