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Goals

The goals of this document are to provide guidelines to: 1) minimize impacts to native lampreys
during in-water work and 2) improve instream habitat restoration projects to benefit native
lampreys. In-water work refers to human activities that can disturb lampreys and their habitats.
This includes dewatering, habitat restoration, culvert installation, and dredging, which are often
implemented with little to no protections for lampreys. The guidelines are intended to help all
entities incorporate lampreys into their in-water work plans, and the design and implementation
of instream habitat restoration, regardless of the target fish species. Additional guidance is
mentioned throughout this document for native freshwater mussels, another often overlooked
ecologically important species in decline. Mussels are included to increase awareness and
conservation efforts of these species in the restoration community, and help support a multi-
species approach to restoration. For more complete information on freshwater mussels, we
strongly encourage readers to review Blevins et al. (2017, 2019; see also Appendix A).

1. Introduction

Consideration of lampreys in the early planning, implementation, and post-monitoring phases of
in-water work activities can be beneficial, with little added effort or cost (Streif 2009); this also
applies to freshwater mussels. Because the state of the science of lampreys is changing rapidly,
these guidelines are a “living document” that will be updated periodically: these guidelines
should not be viewed as rigid prescriptions of what should be carried out in every in-water work
activity. In all situations, coordination with local biologists and site-specific monitoring prior to
in-water work will help to understand which lampreys, life stages, and mussels are likely to be
encountered.

This document updates and combines information from some aspects of the 2010 Best
Management Practices (USFWS and USFS 2010) and the Pacific Lamprey Habitat Restoration
Guide (Crandall and Wittenbach 2015). These guidelines cover lamprey biology and habitat use,
considerations for in-water work planning and implementation, salvage techniques, handling,
and short-term holding procedures for lampreys. The guidelines are primarily informed by work
on Pacific Lamprey in the Columbia River Basin, and may need modification for less studied
lamprey species and locations.

Awareness of Pacific Lamprey has increased as their abundance and distribution has declined
over the last several decades. Primary factors contributing to this decline include impeded
passage at artificial obstructions, altered flows, degraded water quality, degraded stream and
floodplain habitats, and establishment of non-native fishes that prey on lampreys (CRITFC 2011;
Clemens et al. 2017; USFWS 2019).

Guidelines that consider Pacific Lamprey will generally benefit other native lampreys, as they
share several life histories and habitat requirements. However, information on lesser known
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Table 1. Lampreys of the West Coast of North America (excludes Mexico). “A” =
anadromous; “R” = resident; “P” = parasitic; “NF” = non-feeding (do not feed as adults).
*) = unresolved taxonomy.

Scientific name

Common name

Distribution

Anadromous Species

Entosphenus

Widely distributed between CA &

Pacific L A,P
tridentatus actic Lamprey ’ AK
Lethenteron , Rivers entering the Arctic and North
Arctic L A,P
camtschaticum fetie Lamprey ’ Pacific oceans (AK)
Western Ri
Lampetra ayresii CSLETL BIVED AP Southern CA to Southeast AK
Lamprey
Resident Species
Entosphenus Vancouver Lamprey | R, P Lake Cowichan Basin, Vancouver
macrostomus Island, BC
Lethenteron Alaskan Brook R.NF Brooks and Chatanika river basins,
alakense Lamprey ’ AK; Mackenzie River, Canada
) Lower Columbia (WA & OR) and
) Pacific Brook ; ) )
Lampetra pacifica Lambre R, NF | Willamette River Basin (OR);
prey Coastal rivers (OR)
L t Western Brook
ampetra estern Broo R,NF | Northern CA to Southeast AK
richardsoni Lamprey
Merced River and Friant — Kern
L ] Kern Brook L R, NF
ampetra hubbsi ern Brook Lamprey , Canal, CA
Klamath Basin Resident Species
Entosphenus . . .
. Miller Lake Lamprey | R, P Upper Klamath River Basin, OR
minimus
Klamath Ri : .
Entosphenus similis amath Biver R, P Klamath River Basin, OR & CA
Lamprey
Northern Californi : .
Entosphenus folletti orfaerii L-atiormia R, NF | Klamath River Basin, CA
Brook Lamprey
Entosphenus Pit-Klamath Brook R. NF Klamath River Basin, OR; Goose
lethophagus Lamprey ’ Lake, OR & CA; Pit River, CA
Klamath Lake Klamath River Basin (Upper
Entosph ¥ R, P
FHOSpRERIS SpP Lamprey ’ Klamath Lake), OR
Entosphenus spp.* Goose Lake Lamprey | R, P Goose Lake, OR & CA
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Figure 1. Lamprey life cycles for parasitic lampreys (A) and resident lampreys (B). The
numbers “/ ” and “2” refer to spawning adult and larval rearing life stages, respectively, for both
A and B. For A, “3” or “juvenile” represents the outmigrant life stage, and “4” represents the
parasitic life stage. Original graphic courtesy of the Great Lakes Fishery Commission, modified
from Hansen et al. (2016) by Rinee Merritt, Oregon Department of Fish and Wildlife.

Pacific Lamprey Commonly Observed Life Stages
~8 to 200 mm |
Larva

(3-9 yrsin
freshwater)

Transformer
[ Juvenile

| (~1 yrin freshwater
+ 2-7 yrs in ocean)

Adult

(~1yrin
freshwater)

Figure 2. Pacific Lamprey life stages. From top to bottom, larva (first feeding to larger size),
transformer (with two stages of emerging eye), juvenile (fully transformed silver body), and
adult (migrant recently re-entering freshwater to sexually mature). Credit: R. Lampman.
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transformation, larvae undergo color changes, develop eyes, and their mouths change from a
funnel-shaped opening to a sucker disc (Manzon et al. 2015). Fully transformed juveniles tend
to be found in or near the surface of the substrate, and can be associated with gravel and cobble
(Dawson et al. 2015). Anadromous juvenile lampreys have a protracted downstream migration,
moving in association with increasing flow and/or high streamflow events (Moser et al.

2015a). The timing of this outmigration varies by the location and size of river systems along
the West Coast (Clemens et al. 2019).

Spawning generally occurs in the spring and summer, but depends on the species, latitude and
local hydrograph (Stone et al. 2006; Gunckel et al. 2009; Clemens et al. 2010). Resident
lampreys will spawn almost one full year after transformation begins, whereas parasitic lampreys
will spend 1 — 7 years feeding prior to spawning. Relatively low flows and warm water
temperatures are associated with earlier spawning; relatively high river flows and cool water
temperatures are associated with later spawning periods (Brumo et al. 2009); timing will vary
geographically. Spawning adults may remain active during the day. Lampreys excavate redds
by attaching their mouths to rocks and moving them to the perimeter of a circular depression.
Lampreys may spawn in pairs, as with larger species, or they may spawn in groups (all species;
Johnson et al. 2015). All lampreys die after spawning (Johnson et al. 2015; Clemens 2019).

Habitats

Larval lampreys are burrowed in the fine sediments year-round, often in depositional areas along
stream margins. As lampreys grow and transform, they gradually shift from fine sediments,
defined as Type I habitat, to coarser substrates, defined as Type II / III habitat (Table 2; Figure 3;
Dawson et al. 2015). In general, larval lampreys are more abundant in Type I habitat.

Habitats used by larval and juvenile lampreys year-round include:

e Depositional areas with low consistent velocities that recruit fine sediment (sand, silt, and
clay) and organic matter provide ideal larval lamprey rearing habitat (Type I; Table 2).

e Larval lampreys primarily use fine sediment (Type I), whereas juveniles use coarser substrate
(Type II habitats; Table 2).

e Larval lampreys have also been documented anecdotally using dense branches of submerged
conifer trees as refuge habitat (Clackamas Basin).

Habitats used by adult lampreys (primarily Pacific Lamprey) include:

e (Coarse substrates (large cobble, boulders, and bedrock) and large wood that create crevices
in deeper waters with steady flow generally provide quality holding habitat for pre-spawn
adults.

e Adult Pacific Lamprey have also been found burrowed in loose sand.

e Spawning habitat: Low gradient pool tail-outs and deeper riffles with a diversity of substrate
(primarily gravel and cobble with some coarse sand) provide ideal spawning habitats for
lampreys (Gunckel et al. 2009). Lamprey can also spawn in small pockets of coarse
substrate in predominantly bedrock, boulder, or fine sediment areas.
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e Pacific Lamprey redds are typically round and 20 — 60 cm in diameter with substrates
deposited on the edges containing large gravels and small cobbles (Figure 4a and b). Redds
with several spawners are much larger and spawning can also occur in bedrock or boulder
dominant habitat (Figure 4d). In contrast, steelhead redds are typically larger, oval-shaped
with larger tail-spill mound only on the downstream end.

Table 2. Lamprey habitat types and associated life stages (after Slade et al. 2003).

Habitat Description Associated life
type stage
Type I Depositional areas with low, consistent velocities, fine
sediments (sand, silt, and clay) and organic matter: often in Larvae
off-channel habitats (e.g. channel margins, backwater eddies,
alcoves, perennial side channels, Figure 3).
Type II Areas with fine sediments mixed with coarse substrate (gravel,
o . . Larvae and
cobble, boulder), or shifting sand with no organic matter; often iuveniles (eyed)
slightly higher velocities than Type I habitats (Figure 3). ] Y
Type 111 No fines; various combinations of hardpan clay, coarse | Juveniles (eyed)
substrate, and bedrock (Figure 3). and adults
Spawning | Commonly spawn in pool tail-outs with gravel and cobble
. . Adults
substrates, but variation occurs (Figure 4).

Figure 3. Example of Type I, II and III habitats used by lampreys. Credit: R. Lampman.
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Figure 4. Examples of Pacific Lamprey redds. Photos a) and b) represent typical Pacific
lamprey redds. Photos c) and d) are examples of atypical or less easily detected redds. Photo
credit: A. Brumo (a —c); R. Litts (d).

3. Planning for In-water Work

All in-water work activities can impact lampreys and mussels and their habitats. Consideration
of these species in the early planning, implementation, and post-monitoring phases of in-water
work activities can benefit them considerably, often with little added effort or cost (Streif 2009).
Unfortunately, many projects, including stream restoration do not address protection and
improvements for these species. Minimizing impacts to lampreys and mussels at the project site
begins at the planning phase by:

1) identifying existing habitats where lampreys and mussels may be encountered via pre-
project monitoring;
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e Larval lampreys of all age classes and species, and resident adult lampreys, can be present
year-round; there is no in-water work window that can avoid impacts to them.

e Spawning typically starts when water temperature approaches 10 — 14°C with a peak near 13
— 15°C, but can continue up to about 20°C.

e Adults and redds may be present in spawning areas from March — August (Figure 4).
Young-of-the-year larvae emerge and settle into suitable habitat April — September.

Embryos hatch in about 1 — 3 weeks. Larvae drift downstream and settle into the substrate in
low velocity, depositional areas approximately 1 — 3 weeks after hatching.

Modifying Projects to Benefit Lampreys

Habitat restoration projects that benefit salmonids generally benefit lampreys (Streif 2009).
Projects designed to allow for a fully functioning stream and floodplain, including depositional
areas, will provide suitable habitats for lampreys and mussels. Site assessments should examine
any potential barriers (temporary or long-term) to lamprey up- and downstream passage and
adjust to provide passage (see Case Study# 5 for a restoration site evaluation; Appendix D for
passage information). Modifications to avoid impacts include:

e Adjust project implementation methods, timing, and location to protect spawning and
migrating lampreys.

e Avoid disturbing or modifying occupied larvae habitats and mussel beds; if densely
occupied, these are already functioning habitats and are best to be left “as is” and not
impacted by in-water work or modified for restoration.

¢ Ensure unimpeded passage for up- and downstream lamprey migrations is provided, with
suitable screening to reduce entrainment and prevent entry into unsafe areas, especially if
dewatering a stream reach or using pumps for dewatering (Appendix D).

Most instream habitat restoration projects can benefit lampreys, even if they are not the target
species. Incorporating the following recommendations into a restoration project can benefit
lampreys:

e Modify restoration project plans early in the design phase to incorporate preferred lamprey
habitats, and avoid modification of existing, high functioning habitats (e.g., occupied
depositional areas, mussel beds).

e Incorporate the creation and enhancement of fine sediment depositional areas into restoration
designs for larval lamprey and mussel habitats.

e Enhance off-channel habitat by enhancing lateral, perennial floodplain connectivity, and
ensure such projects do not create ephemeral conditions that may strand lampreys and native
mussels.

e Enhance and protect adult overwintering habitat by incorporating habitats that create crevices
with large wood and coarse substrate, where adult lampreys can hold.

e Enhance and protect adult spawning habitat (e.g. pool tail-outs and deeper riffles).

e Large wood and pools can benefit larval lampreys (Roni 2003, Gonzalez et al. 2017).

10
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e Process-based restoration is advisable, particularly in areas that typically have not been the
focus of restoration, including medium to large streams and rivers (Homel et al. 2019).

e Modify passage project designs early on to incorporate lamprey passage and screening needs
to ensure safe and timely passage (Appendix D).

4. Dewatering

Several techniques can be used to encourage escapement of lampreys during dewatering.
Dewatering procedures (described below) are helpful to reduce salvage efforts and to minimize
stranding of lampreys when extensive salvage is not feasible (e.g., drawdown of a large
reservoir). However, many situations will require a combination of promoting escapement and
salvaging (Case Studies 1, 2, 3, and 6 in Appendix E). If dewatering and salvage occurs over
multiple days, re-watering the sediments during the evening hours can help larvae remaining in
drying sediments to survive for salvage the following day, or provide additional escapement
opportunities.

Lamprey habitats should be dewatered as slowly as possible, particularly as receding water levels
begin to expose Type I habitats. Based on field observations in the Yakima Basin, up to 60% of
the observed larvae in irrigation diversions were stranded on dry and drying banks when
dewatering rates were high (>20 cm/h) (Lampman and Beals 2019). In a laboratory setting larval
lampreys did not respond to changing head pressure and emerged only after burrowing habitat
was exposed (Liedtke et al. 2015, Liedtke et al. 2020). Current recommended dewatering rates
are < 2.5 — 5 cm/h to allow as many larvae to emerge and escape into watered habitats (Liedtke
et al. 2015; Skalicky et al. 2019; Liedtke et al. 2020).

If recommended rates are not feasible, alternative dewatering approaches are recommended to
slowly expose larvae habitats over a period of several days to allow larval lampreys to escape
into watered habitats. For example, reducing the water volume by 50% for the first 24 h, and
then down to 25% of the original volume over the next two days, followed by 10 — 20% for a
few days may work well in situations where larval lamprey habitat is concentrated in the lower
50% of the water volume. Similar methods could be employed using water surface elevations.
The intent is to apply slower dewatering rates as Type I and II habitats begin to become exposed.
Channel bank slope should also be considered: on steep (> 25%) banks with fairly uniform
slopes, larval lampreys are more likely to move down the banks to find the new water line.
However, on shallow slopes (< 10%) and uneven terrain with depressions and holes or debris,
larvae are more likely to be stranded (Lampman and Beals 2019). Banks with shallow slopes
will expose habitats at a faster rate.

Behavioral responses to dewatering varies widely and can depend on the time of day, substrate
composition and larvae size. When salvaging lampreys, dewatering during the daylight hours is
best to observe larvae. In addition, the presence of humans can deter predators from consuming
exposed larvae. Dewatering during the nighttime may yield some benefits such as reduced

11
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predation from birds and potential increased activity from lampreys (Liedtke et al. 2020);
however, additional studies are needed to determine benefits.

Larval lampreys can tolerate short periods of dewatering when conditions allow sediments to
retain moisture (Liedtke et al. 2015). However, when sediment moisture decreases, substantial
mortalities can occur within a few hours (Lampman and Beals 2019). Thus, dewatering during
cool and moist periods of the day, set of days, or seasons and limiting the amount of time the
sediment is dewatered to 12 — 24 h (ideally as short as possible) are potential approaches to
increase lamprey survival when active salvage is not feasible.

Irrigation Diversions

Depositional areas in diversion canals may be occupied by all sizes of larvae and juveniles,
because larvae are often entrained through the screens and rear in the canal (Lampman and Beals
2019). Itis advised to dewater these areas as slowly as possible (see previous section). The goal
should be to keep a continuously wetted channel as water levels drop to facilitate larvae egress
out of the project area and into safe habitats (Case Studies 1, 2 and 3 in Appendix E).

Coordinate the initiation of dewatering to ensure the highest number of lampreys and mussels
can be effectively salvaged during the work window (e.g., scheduling the dewatering early in the
morning to ensure conditions are conducive for salvage by the time staff arrives). Ensure
salvage staffing levels are adequate to cover the entire dewatered area in a timely matter. If
salvage needs to take place over multiple days, raise the water level in the canal during the
evening hours if possible to reduce predation risk and minimize stress on larvae in sediments.

Providing Refuge

Refuge holes, sprinklers, or both may prolong survival of larvae during dewatering. A sprinkler
system set up in high-density larval emergence areas can prevent desiccation and likely increase
survival (Lampman and Beals 2019; Beals et al. 2020a; see Case Study 2 in Appendix E). Under
some circumstances, refuge holes can concentrate larvae for salvage, or function as temporary
refuge if the holes remain wetted and can support lamprey survival through the dewatering event.
Locate refuge holes in areas adjacent to larval habitat where lampreys are likely to emerge and
concentrate. Dig holes (e.g., few scoops with a backhoe) where water will be retained, providing
refuge as dewatering occurs. If no salvage efforts are planned, cover refuge holes and sprinkler
areas with fine mesh (3 — 10 mm opening) or debris (sticks, grass, hay) to protect larvae from
drying out or being eaten by predators.

5. Salvage

Salvage for lampreys and native mussels should be conducted when:
e sediments will be removed or disturbed; or

¢ habitats will be dewatered for extended time (e.g. > 24 h, or less time in dry, hot weather)
and lampreys or mussels in the sediments are unlikely to survive. If keeping the site wet with

12
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some flow during instream work, leaving organisms in otherwise undisturbed sediments may
be the least harmful.

Prior to salvage, determine appropriate release sites for mussels, lampreys, and other
fishes. Based on site-specific information collected during pre-project monitoring
(Section 3.0), determine appropriate number of people and equipment needed for the
numbers and species to be salvaged at a future date. If possible, plan and conduct
dewatering and salvage early in the day when it is cooler, on cooler or overcast days, or
during cooler seasons.

Develop a plan to efficiently return all species to preferred habitats, outside of potential
disturbance zones from the project actions. Ideally (and often required by permits),
release sites should be within the same stream.

Salvage all life stages of lampreys and mussels if dewatering or disturbing occupied habitats.

e Larval lampreys often remain in Type I and II habitats as waters recede (Table 2, Figure 3).

e Juvenile lampreys are found in Type II and III habitats.

e Adult lampreys are often under cobbles, in crevices or under structures, such as culverts.

e Mussels are often in stable, lower velocity habitats, and typically are not able to move away
from dewatered habitats.

Salvage can occur prior to drawdown, during dewatering, and after dewatering using
electrofishing (Appendix C); however, salvage in watered conditions may leave a substantial
portion of the larvae in the sediments. Electrofishing can also be quite effective in some of the
dewatered sediment, which encourage lampreys to emerge (“dry-shocking”; Appendix C). Even
dry river beds can contain larval lampreys in subsurface watered areas, and consideration should
be given to how to salvage these lampreys through excavation and backpack electrofishing
(Rodriguez-Lozano et al. 2019). Salvage requires periodic monitoring of the dewatered areas to
salvage emerging larvae and mussels, as larvae and mussels may exit the substrate immediately
or take several days to emerge after an area has been dewatered (Lampman and Beals 2019; Case
Study 2 and 3 in Appendix E).

Dredged or Removed Sediments

Salvage lampreys using hands, nets, and electrofishing methods (see Appendix C). If possible,
remove and place sediments into fast currents to dissipate the sediments and allow most
lampreys within those sediments to drift downstream. Alternatively, the top 300 mm layer of the
sediment (along with lampreys) could be physically transported and released downstream in
areas with few predatory fishes. If this is not possible, salvage lampreys under watered
conditions prior to dredging to reduce stress and improve survival. Alternatively, remove and
place the top layer of sediments in an upland area to salvage lampreys by hand (Case Study 1 in
Appendix E). However, this is very labor-intensive and causes stress to lampreys from handling
required. In addition, many lampreys will be overlooked due to their small size and others may

13
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e To encourage larval lamprey emergence, “dry shock” in Type I habitat. Often
lampreys will get trapped in isolated pools, so check areas around habitat structure
where they may try to burrow.

e Hold all fishes in buckets, fine mesh baskets or tanks in small groups to minimize
crowding, with good water quality conditions (temperature and dissolved oxygen) until
release (see Table 3).

e Mussels: For short time periods, mussels can be held in buckets of water, provided
water temperatures are kept cool and stable. For longer periods, hold mussels wrapped
in mesh bags between wet towels in coolers with no water until release.

Release

Release all fishes throughout the salvage process as quickly as possible to minimize stress and
predation risk. Salvaged lampreys should be released in or near preferred habitats, away from
in-water work and other human disturbances. Larval lampreys will quickly burrow into fine
sediments in low velocity areas; juvenile and adult Pacific Lamprey seek cover in coarse
substrate or in crevices under large rocks or other structures. Care should be taken to release
lampreys into habitats where there is a low risk to predation (Lampman and Beals 2019).

Mussels: For short transports, mussels can be transported in buckets of water to release
site, provided water temperatures are kept cool and stable. For longer transports,
transport mussels wrapped in mesh bags between wet towels in coolers with no water and
relocate them in a pre-selected, appropriate habitat. Place native freshwater mussels in
preferred habitats (stable substrate with refuge from high or low flows), safe from in-
water work and other immediate disturbances. Place individuals flat on the streambed,
which allows mussels to select where they burrow into the substrate.

6. Handling and Holding Lampreys

Some salvage efforts require the handling and temporary holding of lampreys. Guidelines to
reduce stress, injuries, and mortalities to lampreys while handling and holding are described
below. These guidelines are based on successful use with Pacific Lamprey in the Columbia
River Basin. Whether and how these same methods may be employed with the same level of
success on Pacific Lamprey in other areas or on other lamprey species in any location is not
known. For guidance on native, freshwater mussels, see “Mussel-Friendly Restoration” (Blevins
et al. 2019).

Holding and Transport for Lampreys

e Maintain the holding and transport container water temperature within £2°C of the release
location water temperature to prevent temperature shock to the lampreys. Slow acclimation
is recommended (<£3°C per hour) to minimize stress and maximize survival.

o Keep water temperatures cool (< 18°C). Use ice made from source river water or frozen
sealed containers of ice, if necessary. Do not use store-bought ice that is not in sealed

15
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containers, as it may contain fluoride or chlorine. Natural pure salt (3 — 5 ppt) may also be
used to reduce stress for longer transports (> 1 h).

Monitor water temperature and dissolved oxygen regularly and make changes as needed to
ensure water quality parameters are adequate. Dissolved oxygen levels can be maintained
using air stones with battery-powered aerators or from oxygen cylinders and a regulator.
Hold lampreys in flow-through water as much as possible.

Lampreys prefer dark environments — cover to darken containers.

Do not exceed the maximum recommended density in transport containers (Table 3).

Guidelines Specific to Adult Pacific Lamprey

Equip holding and transport containers with aerators to ensure dissolved oxygen levels are
near saturation.

Provide smooth surfaces for lamprey attachment with their sucker mouths. Avoid placement
in containers with only mesh or perforated metal screen surface.

Ensure there are no gaps larger than 13 cm at the top of the transport containers to avoid
escapement — lamprey can easily climb up the container walls.

Guidelines Specific to Larval and Juvenile Pacific Lamprey

Aerators are recommended for long-duration holding or transport of larval and juvenile
lampreys, but not necessary for short duration as long as density guidelines are met (Table 3)
and dissolved oxygen levels do not drop below ~90% saturation.

Maintain > 10 cm gap between water surface and top of containers or use other types of
barrier — juvenile lampreys can climb and escape similar to adult lamprey.

Use fine mesh nets and scoops (< 750 micron preferably) to minimize loss of young-of-year
and small larvae.

Laundry mesh baskets with fine mesh opening (< 750 micron) work well for holding all sizes
of larvae in flow-through water during salvage and can fit inside garbage bins for transfer
and quick transfer to release site.

For short-term holding (< 8 h), a non-abrasive cover (such as cotton string mop head or dense
conifer branch) should be placed in holding containers, where possible, to give exposed
larvae cover and reduce stress.

For longer-term holding (e.g., > 8 h), sediment (fine sediment for larvae and coarse sediment
for transformers) should be added to holding containers to provide the best holding habitat;
however, utmost care is needed to ensure lampreys are not harmed in the process of adding,
transferring, or removing the sediment. If adding fine sediment to holding containers, an
effort should be made to sift sediment to < 750 microns to reduce potential damage to < 50
mm larvae; a 500 — 750 micron net or laundry mesh baskets can be used for this process.

In general, consider the logistical pros and cons and health of salvaged lampreys during
holding and transport. As stated above, sediment should be provided for refuge. However,
providing sediment is not practicable or advisable in all situations, particularly those in which
there is the potential to handle many thousand larvae and juveniles, and in which transfer
with sediment can lead to pinching, abrasion, and mortality of the lampreys.

16
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Table 3. Maximum recommended lamprey density in transport containers of standing water.
Recommendations are for 80% full containers, based on experience from Pacific Lamprey in th
Columbia River Basin.

B

Life Stage Le(l)ldi,h Weight Maximum # Maximum # in Maximum # per

& 8 (@) per 4 L 19 L Bucket 120 L Bin
(mm)
Adult™ 660 460 1 4 25
1 2%

Juvenile 140 4.0 10 40 250
Medium 100 15 25 100 650
Larvae

Small
. 40 0.15 250 1,000 6,500
Larvae

'Based on adult translocation programs from Lower Columbia River hydro dams to holding facilities.
Based on juvenile salmonid criteria of 10 g/L (Liedtke et al. 2012) and juvenile holding for acoustic
telemetry research (Beals and Lampman 2019).

*Based on juvenile salmonid criteria of 10 g/L (Liedtke et al. 2012) and larval lamprey salvage from
irrigation diversions.

*Adult and juvenile Pacific Lamprey are more sensitive to low oxygen than larvae, so use aerators and

maintain the numbers at or below the maximum values whenever possible.

Anesthetics

Lampreys of all life stages do not need to be
anesthetized for transport or measurements.
However, their use may help reduce stress associated
with these activities. For identification and length
measurements, use plexiglass viewing containers (see
right) that limit movement of larval lampreys to
identify species and measure lengths. Plastic,
translucent bags with a ruler inside can also be used
for coarse length estimates. However, when more
data need to be collected (such as fin clips for
genetics), use anesthesia as needed.

These suggested dosages and exposure times should
be adjusted to account for specimen size, water temperature, and water chemistry. It is best to
start at the lower concentrations, and then gradually increase concentration until effective at the
lowest possible concentration. Use caution: higher concentrations may delay or impede
recovery. Ideally, maintain concentration so that sedation is achieved in 3 — 5 minutes, and
recovery in < 5 minutes. Allow lampreys to fully recover prior to release.
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9. Glossary

Adult: “Life stage in which the lamprey are in various states of sexual maturation (including
immature through spawning). Unlike juveniles, sexually immature adults are no longer
feeding and are actively migrating upstream to spawning grounds....” (Clemens 2019).

Dry shocking: Method in which the cathode and anode of the electroshocker are placed onto
dewatered substrate and the “tickle” setting is used to stimulate larvae to exit from the
substrate for sampling (Lampman and Beals 2019).

Electronarcosis: The inadvertent, prolonged stunning (immobilization) of larvae and juveniles
from repeated shocking prior to their exiting the substrate. Electronarcosis can result in
an undersampling of lampreys and can also potentially injure or kill them.

Juvenile: “Life stage existing only in parasitic lampreys. Resident lampreys that do not feed
during their adult stage [after transformation] (i.e., brook lampreys) do not exhibit a
juvenile life stage...This is the preferred term for parasitic lampreys that have
transformed from larvae into eyed, small versions of the adults.... That is, in addition to
eyes, this life stage bears sharp teeth and an oral sucker. Juveniles are sexually
immature....” (Clemens 2019).

Larva: “Eyeless, filter-feeding life stage that usually resides in the substrate (soft silt and sand
substrates with organic material is usually preferred)” (Clemens 2019).

Stun: Backpack electrofisher setting with a different waveform and pulse frequency than
“tickle” that temporarily immobilizes larval and juvenile lampreys so that they can be
netted.

Tickle: Backpack electrofisher setting with a different waveform and pulse frequency than the
“stun” setting. This setting is used prior to the stun setting with the primary objective of
stimulating larval and juvenile lampreys to exit the substrate of the stream and enter into
the water column.

Transformer: “In some situations, this term is appropriate because it can be carefully used to
describe the stage between larva and juvenile (in the case of parasitic lampreys) or
between larva and adult (in the case of brook lampreys), if the transformation is
incomplete” (Clemens 2019).
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Appendix B
Disinfection Procedures- Aquatic Invasive Species

Columbia River Fish and Wildlife Conservation Office Date: 4/02/20
1211 SE Cardinal Ct, Suite 100

Vancouver WA, 98683

1-360-604-2500

EXAMPLE
Field Technical Operating Procedure

Aquatic invasive species cleaning and disinfection procedures for
boats and field equipment

Scope:

The Columbia River Fish and Wildlife Conservation Office performs work within multiple
aquatic systems across a wide geographic range. It is our responsibility to be
conscious of where high-risk invasive species occur and take proper precautions to
minimize the risk of transporting or spreading aquatic invasive species (AlS) through our
work.

Policy:

e Executive order 13112 (USOFR 1999) prohibits federal agencies (except under
certain conditions) from carrying out actions “likely to cause or promote the spread of
invasive species” and directs agencies to implement programs with the goal of
preventing the introduction and spread of invasive species in their work.

e The U.S. Fish and Wildlife Service Pacific Region Policy on Minimizing the
Introduction of Invasive Species by Service Activities aims to increase employee
awareness of invasive species and calls for Region 1 Programs to develop and
implement invasive species prevention guidelines for their field activities.

Resource Threat:

e The introduction and establishment of invasive species is considered one of the
greatest threats to global biodiversity, second only to habitat destruction.

e Invasive species have been identified as the cause in decline of at least 30% of
species currently protected under the Endangered Species Act.

e Invasive species are a leading factor in freshwater fish extinctions and
endangerments.

e The Department of Interior spends hundreds of millions of dollars annually on AIS
control and management.

e Aquatic invasive species reduce the diversity and abundance of native species,
degrade aquatic habitats, threaten water quality and availability, alter important
ecological processes and pose a general threat to commercial, agricultural and
recreational industries.
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3. Disinfect: motor and non-porous surfaces (e.g., hull, trailer, anchor, paddle) with

steam or hot water pressure washing equipment (=140°F at point of contact) for no
less than 10 seconds. Porous items (e.g., ropes) should be exposed to hot water
(2140°F) a minimum of 10 minutes, and internal compartments (e.g., bilge, live well,
ballast tank) should be exposed to hot water (=120°F) for a minimum of 2 minutes.
NOTE - cooler water temperatures may be used, but longer exposure times are
required (e.g. 110°F for 20-30 minutes).

. Dry: boat and equipment completely (i.e., 5-7 days in hot dry conditions or up to 30

days in cool damp conditions).

Field gear (e.g., nets, buckets, waders and boots)

If no AIS present in waterbody

1.

2,
3.
4.

Clean: remove all visible plants, mud and debris from equipment using a stiff bristle
brush. Discard debris in garbage can away from water.

Drain: all standing water from equipment before leaving waterbody.

Rinse: or wash equipment with potable freshwater.

Dry: all surfaces completely with a towel or allow to dry naturally (i.e., 5-7 days in
dry warm conditions or up to 30 days in cool wet conditions).

If AIS are known or suspected to be in waterbody

wn

NOTE — Consider using dedicated field equipment if regularly working in
an area with invasive species.

. Clean: remove all visible plants, mud and debris from equipment using a stiff bristle

brush. Discard debris in garbage can away from water.
Drain: all standing water from equipment before leaving waterbody.
Disinfect: four methods may be used depending on gear type.

e Method 1 — Drying. Allow equipment to dry completely (i.e., a minimum of 5 days
or more depending on weather conditions). This method is recommended for
large nets (e.g., fyke nets, seines) or non-porous equipment.

NOTE - this method is NOT suitable for felt soled boots.

e Method 2 — Heat. Steam or hot water pressure wash (2140°F). Expose non-
porous surfaces for minimum of 10 seconds. Porous materials and gear should
be submerged in water kept above 140°F for 10 minutes.

NOTE - this method is not recommended for Gore-Tex waders.

e Method 3 - Freezing. Freeze equipment at 14°F (-10°C) for a minimum of 8
hours, or at 15°F to 32°F (-9°C to 0°C) for a minimum of 24 hours. This method is
suitable for waders and boots.

NOTE - this method should be used in tandem with chemical treatment (see
Method 4) as some fish pathogens may survive freezing temperatures.

e Method 4 — Chemical. Soak equipment in a 1% Virkon Aquatic solution for a
minimum of 10 minutes, or a 2% solution for a minimum of 20 minutes if New
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Zealand mudsnail are present. NOTE — chemical disinfection should never occur
near a waterbody and solution should be disposed of on dry land or down a
sewage drain.

4. Dry: equipment completely (i.e., 5-7 days in dry warm conditions or up to 30 days in
cool wet conditions).

Chemical Disinfection Procedure:

NOTE - Mix Virkon solution in a well-ventilated area, use protective gloves and safety
glasses when handling both powder and liquid solution, and wash hands thoroughly
after use. See the product label and Material Safety Data Sheet for additional
information.

e Ensure equipment/gear is completely free of organic material before soaking in
disinfectant. This will prolong the effectiveness of the Virkon solution.
e Prepare Virkon solution as follows:
o Use 1 level scoop of Virkon powder per gallon of water for a 1% solution.
o Carefully place dry powder in disinfection tub or portable hand sprayer (avoid
inhaling dust).
o Fill container to desired depth with clean tap water.
o Stir the solution to fully dissolve the Virkon powder.
e Soak or liberally spray gear and allow to sit for a minimum of 10 minutes.
¢ Rinse gear with clean water (optional but will prolong the life of your gear).
e Virkon solution is stable for 7-14 days. Use Virkon test strips to test the efficacy of
the solution.
e Old solution may be safely disposed of by pouring outdoors onto dry land, or down a
sewage drain. Dilute the solution with a 5-gallon bucket of water to minimize the
environmental impact.

How to Report Invasive Species:
If you observe undocumented AIS in the field, collect the following information and
report to the appropriate invasive species alert system below.

¢ Name, email, and telephone number of observer

e Type of Species (e.g., amphibian, fish, mollusk, plant, reptile, etc.)
e Species common name, genus and species (if known)

e Date of observation

e State and County observation was made

e GPS Coordinates (or detailed description of location)

e Photo of organism

(continued on the next page)



















APPENDIX E. Case Studies

Appendix E
Case Studies

Last update: May 4, 2020.

Table E1. List of Case Studies. More will be added as they become available.

Site
River
State

Brief Description

Dryden Diversion Irrigation Diversion
Yakima River
Washington

#1- Salvage of lampreys from dredged materials.

Sunnyside Irrigation Diversion
Yakima River
Washington

#2- Salvage of lampreys from a large river diversion.

Bachelor Hatton Irrigation Diversion
Ahtanum Creek, Yakima River
Washington

#3- Salvage of lampreys from a small river diversion

Multiple sites
Mid- Upper Columbia Subbasins
Eastern Washington

#4- Larval lamprey electrofishing surveys.

Habitat restoration sites
Methow River
Washington

#5- Larval lamprey use of salmonid restoration
projects.

Salvage Techniques Evaluation
Leaburg Lake, McKenzie River
Oregon

#6 — Evaluation of salvage techniques — slow
drawdown.

Stage 0 Restoration

South Fork McKenzie River
Willamette Basin

Oregon

#7 — Valley-scale Restoration Improves Habitat for
Pacific Lamprey
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#1- Salvage of Lampreys from Dredged Materials
Dryden Diversion Dam, Wenatchee River, Washington

Public Utility District No. 1 of Chelan County (CCPUD) [0 b
operates the Dryden diversion dam along the Dredged Area =
Wenatchee River (Fig. 1). The headworks structure [i ce7emt I
seasonally diverts water from the river into the Highline
Canal for irrigation. As part of routine maintenance
operations, CCPUD dredges accumulated sediments
from upstream of the diversion structure and dewaters
the canal.

‘‘‘‘‘‘‘

The slow water and fine sediment in the canal forebay
provides refuge to thousands of larval and juvenile
Pacific Lamprey. The Yakama Nation Fisheries and
other partners aided CCPUD in lamprey salvage
operations in the canal. Based on this collaborative 7
effort and experience, simple, adaptive, and efficient : ‘ =
methods to rescue and salvage entrapped lamprey from  Figure 1. Dredged forebay of Dryden Diversion on
dredged materials were developed to improve salvage  the Wenatchee River (RKM 27.8, Dryden, WA).
efficiency and minimize mortality.

Salvage Operation
The forebay area was dredged on March 4, 2016, using a 150-ft tall crane and a grab dredge (Fig. 2). The

grab dredge placed 6-8 cubic yards of dredged material at a time into a modified dump truck (Wilsonville
Concrete Products, Wilsonville, OR; Fig. 3). The truck’s water-tight design significantly limited loss of
lamprey during transfer. Each truck load was transferred to a nearby dirt lot and spread out using hand
rakes and a backhoe. Larvae were primarily gathered by hand from the sediment surface (Fig. 4).
Periodically, water was sprayed over sediment using a pump and fire hose (pin stream spray) to spread
out sediment and uncover burrowed larvae. ETS ABP-2 backpack electro-fishers were used to recover
lamprey from areas of pooled water. A total of 3,614 larvae and 5 eyed juvenile lamprey (tallied using
mechanical counters; Fig. 5) were salvaged from four truckloads of
sediment by a dozen persons. About 1.5 - 3 hrs were spent on each
truckload for lamprey salvage. Salvaged lamprey were released a few km
downstream of the diversion into the Wenatchee River (river km 24.1)
with 50-60 m? of larval lamprey habitat (Type I/Il) (Fig. 5). In 7 days,
18,746 larvae and 21 eyed juvenile lamprey were salvaged from ~244.5
cubic yards of sediment (~30 truckloads). As a result, the density
upstream of the headworks was estimated to be 33 lamprey m™. Initially,
it was requested to dredge the upper sediment layer (~1 ft) first so that
salvage efforts could be focused on the sediment depth where the most
lamprey would be encountered. However, moving the large crane around :
twice was too time consuming for existing tight contractual deadlines.  Figure 2. The 150-ft tall crane’s
Thus, sediment from all depths was transferred and examined for  grab dredge used for sediment
lamprey. Although some differences in densities were noted per each ~ removal.

truckload, none of the loads had zero or near zero lamprey.
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Figure 4. Efforts to salvage larval lamprey from discarded material included searching the sediment surface by hand (left
photo), and use of a fire hose to disturb and spread sediment to expose burrowed lampreys (right photo).

Figure 5. Multiple mechanical counters were used to tally the thousands of lamprey encountered during the dredging
operation (left photo). All lamprey salvaged were released downstream in slow water larval lamprey habitat (right
photo).
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Recommendations

Place a large tarp / pond liner (preferably non-black or brown color for best visibility) under the
dredged sediment to prevent lamprey from burrowing into the dirt (when spraying water, this tends
to occur).

Place the tarp on a slant, with the dredged sediment at a slightly higher elevation to allow water and
lamprey to flow downhill for easier collection (see Fig. 6).

Use electrofishers with lamprey settings (e.g., ETS ABP-2 Backpack) in wetted areas to improve
capture efficiency in isolated pools (e.g., 500-700 lamprey were salvaged in one isolated pool).
Repeated passes may be necessary (and are encouraged).

Many lamprey (especially YOY) are small and easily overlooked within the fine sediment. It is
important to spend ample time to search and scan through the sediment.

Regularly monitor temperature in all static water buckets/holding containers and use aerators
whenever possible. Maintain containers at least half full with water to minimize temperature
fluctuations and maintain adequate dissolved oxygen levels.

Add fresh water periodically and keep within 2-3°C of the river temperature. If needed, temper
holding water slowly prior to release (goal of <1.5°C change per 30 min) to match release
temperature; start this process prior to traveling to the release site if possible.

Release larvae at dispersed locations across entire release area, releasing more upstream to allow
them to drift downstream and spread out. Monitor lamprey recovery at site before and after release
and note any injuries (e.g., bruising) and mortalities. Watch for predation of released lamprey by
(document predating fish species if possible). Frequent predation might warrant the release at an
alternate site.

Additional lamprey sifter designs that could potentially improve the efficiency of the salvage
operations are shown below (Fig. 6).

LAMPREY SIFTER LAMPREY SIFTER
(SPANNING DESIGN) (DUMP TRUCK

DESIGN - OPTION A)

LAMPREY SIFTER
(DUMP TRUCK
DESIGN - OPTION B)

Figure 6. Potential designs that could improve lamprey salvage efficiency, including a lamprey sifter (spanning design) that
can be placed on the ground (left photo) and a specially designed dump truck with a sifter (right photo).

Project Contact:

Tyler Beals beat@yakamafish-nsn.gov 509-831-2267
Ralph Lampman lamr@yakamafish-nsn.gov 509-388-3871
Yakama Nation Fisheries Resource Management Program, Pacific Lamprey Project
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#2- Salvage of Lampreys from a Large River Diversion
Sunnyside Diversion, Yakima River, Washington

Background and Issue

Sunnyside Diversion (Fig. 1) is a large irrigation
diversion (maximum flow = 1,300 cfs) that
entrains many thousands of larval and juvenile
lampreys each year (Pacific and Western Brook
species). The irrigation season generally lasts
from mid-March through late-October. There
are 15 rotating drums (4.6 m diameter) with
woven wire mesh fish screens (3.4 mm
openings). Screens do not meet current NOAA
screening criteria for new construction (<2.4
mm). Once the headgate is closed, the Bureau
of Reclamation operates two large industrial : e
pumps (20.3 and 30.5 cm) to dewater the screen Figure 1. Overview of Sunnyside Diversion located at RKM 171.1
area for annual maintenance. The majority of of the Yakima River (Yakima, WA). The white polygon highlights
larval lampreys Yakama Nation Fisheries salvage the area where the majority of the entrained lampreys and fine

are found in low velocity areas with fine sediment are found.

sediment deposits immediately downstream of the fish screens. Annual maintenance operations must
occur soon after the headgate is closed, generally leaving 1-2 weeks for lamprey salvage. To maximize
salvage efficiency, lamprey salvage techniques and protocols must continually evolve and adapt to new
situations. The following case study aims to 1) summarize strategies and results from lamprey salvage
efforts in 2018 and 2) provide general recommendations to salvage lampreys entrained in large river
irrigation diversions.

Google'Earth

Salvage Operation
At Sunnyside Diversion, coordination between diversion operators and salvage crews is crucial to limit

lamprey mortality. In 2017, there was a miscommunication and the water level dropped rapidly (56 cm
hrl), exposing sediments late in the day on a Friday (~7 pm), where thousands of larvae resided. In an
emergency measure, the salvage crew began work early the next morning, but many lampreys (>3,700)
were already dead on the dry sediment. Only 875 lampreys (~¥19%) were alive. In 2018, a new dewatering
plan was developed to ensure 1) dewatering started earlier in the week (avoiding especially Fridays), 2)
dewatering would stop at or before the end of the day so sediment would not dewater overnight, and 3)
the Yakama Nation Fisheries salvage crew were allowed to turn on/off the pumps to slow the dewatering
rate when needed. This resulted in a much slower dewatering rate (20.8 cm hr) once water levels began
to expose sediments, and most lampreys were picked up as they emerged, resulting in a much higher
survival rate (~¥93%) for the 1,231 lampreys collected from dry banks.

Overall lamprey salvage operations took place for five days between November 6 and 13, 2018. Using
ETS ABP-2 Backpack electrofishers, a total of 2,237 additional lampreys were salvaged from the wetted
habitat (60 upstream and 2,177 downstream of the fish screens). Electrofishing efforts initially focused
on isolated pools of water that formed as the water level receded (Fig. 2). A total of 268 lampreys were
removed from isolated pools, with an average density of 44.7 lampreys m™2. The dry shocking technique
also proved successful in removing live lampreys concealed under visibly dry sediment. After the water
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level stabilized, electrofishing efforts
focused on the fine sediment along the
water’s edge where larval lamprey densities
tended to be high, likely from larvae
following the receding water levels.

In 2018, we developed an experimental
sprinkler system to provide water to larval
lampreys stranded on and within dewatered
banks. The sprinkler system was constructed
with various sizes of PVC pipes (ranging from
12.5-50.8 cm diameter) and deployed on
dewatered banks in larval lamprey habitats
for 3 to 4 days during the initial dewatering.
The system was relatively inexpensive
(<$1,600), flexible, portable, and easy to
operate. The system consisted of five
sprinkler heads, each with a spray diameter
of ~8 m. The sprinkler system was turned off
when staff was available to salvage
lampreys, and turned on at the end of day to
minimize the desiccation and stranding of
lampreys overnight. The sprinkler system
appeared to keep exposed lampreys moist
overnight, but also provided water to
isolated pools that would otherwise have
dried up.

In addition to lampreys, each year 200~300
live/dead Western Pearlshell Mussels

Appendix E
Lamprey Case Studies

Figure 2. Example of a visibly dry areas where larval lampreys could
still be concealed under the surface of the sediment where dry
shocking can be effective (pouring water on the bumpy surface or
over the cracked sediment at the bottom of the hill).

A ——

Figure 3. Overview of the sprinkler system operation downstream of
the fish screens at Sunnyside Diversion immediately after
dewatering of the key larval lamprey habitat occurred. Part of the
sprinkler system was able to cover the high density isolated pools.

(Margaritifera falcata) are collected from the canal (primarily downstream of the fish screens ;Fig. 4). The
mussels downstream of fish screens were likely entrained during the juvenile/glochidia stages and
managed to survive and overwinter multiple years in the dewatered canal with only subsurface flow. Each
year a large portion of mussels within the diversion are susceptible to desiccation, and once they are
downstream of the fish screens no path back to the river is available.

canal where they were collected.
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Figure 4. Western Pearlshell mussels collected from the canal downstream of the fish screens at Sunnyside Diversion in 2017.
The left photo shows many live and dead mussels collected (up to 15 cm long) and the right photo shows the general area of the
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Recommendations and Take Home Ideas

Dewatering Rate

We recommend a dewatering rate of < 10 cm
hr! once sediment deposits begin to expose
(Fig. 5). With a salvage crew on site to salvage
lampreys as they emerge, mortality can be
minimized even with faster dewatering rates
(e.g.,~20 cm hrl). However, if no salvage crew
is available (e.g., night time or weekends),
slower dewatering rates (<5 cm hr?) are
recommended to maximize the lampreys’
ability to “self-rescue.”

Salvage crews should begin work as soon as
possible as lamprey habitats begin to dewater.
Larval lampreys can become stranded on dried
sediment immediately after dewatering.
Lampreys may also perish in standing water
pools if left for prolonged periods at high
densities.

Dry Banks

Appendix E
Lamprey Case Studies
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Figure 5. Scatter plot of maximum dewatering rates and percent
of lampreys captured from dry banks annually between 2014 and
2018 at Sunnyside and Wapato diversions. The trend line (power
function), associated equation, and r-square values are also
shown. Wapato Diversion is another large scale irrigation
diversion on the Yakima River close to Sunnyside Diversion.

As water levels recede, lampreys should be removed from dry banks. Dry banks should be searched
multiple times throughout the dewatered period (even over several days). Lampreys do not emerge
all at once and may take several hours to several days to emerge to the surface.

Using a sprinkler system to maintain wetted habitats during dewatering events can be effective to
prolong the life of exposed lampreys or those still trapped within the sediment. The system is
inexpensive, simple and adaptable to most diversion areas. The sprinkler system should be deployed
as soon as sediments become exposed and left in operation for several days or until the majority of
larvae are salvaged.

Dry shocking (see Appendix B) can be used on exposed bank areas, especially in areas with high
densities of lampreys. Pouring water over the area can sometimes increase its efficiency.

Fish friendly screens should be placed on pumps used to dewater areas or run sprinkler systems.

We recommend screening material of <2.4 mm. The outlet hose from the pumps should be placed
back into the stream or into the fish bypass system, so that any lampreys entrained into the pump
will have a chance to return to the river.

Based on average larval lamprey length to width ratio, lampreys <90 mm can pass through 3.4 mm
wire mesh and <55 mm can pass through 2.4 mm perforated plate. Unseen gaps between or under
fish screens can also pass larger lampreys.

Electrofishing (See Appendix B for more information)

Electrofishing efforts should first focus on Type | and Il areas with limited water availability (i.e.
sediment that is in the process of becoming dewatered or limited water within isolated pools).

All areas in the canal (further upstream and downstream of the screens) should also be surveyed and
salvaged if needed.

E-6 "



Appendix E
Lamprey Case Studies

- It is important to survey Type Il habitat with coarse substrates, which can occasionally hold many
lampreys, especially larger larvae and eyed juveniles. Also, lampreys in the fine sediment can move
into Type Il habitat as the water level recedes.

Other Recommendations

- Other species should be considered during lamprey salvage operations (e.g., freshwater mussels - see
Mussel-Friendly Restoration (Blevins et al 2019)). While conducting lamprey salvage operations, it is
recommended that staff keep an eye out for freshwater mussels in all project areas, especially in areas
with rocky/sandy bottoms where density seems to be higher, to help restore this important group of
filter feeders. We recommend this search to occur in the early part of the dewatering operation while
survival rates tend to be higher.

- Mussels can be salvaged by removing from sediment, placing in a bucket or cooler, and translocating
to an existing population or to a site with suitable habitat (stable substrate, adequate flow year-round).
Transport mussels with water if air temperature is cool enough to avoid rapid warming during transit.
If water or air temperature are warm, or if transportation will be lengthy (> 1 hr), transport mussels in
mesh bags, in a cooler or bucket, between layers of cool, damp towels.

- Close coordination with all appropriate agencies is important for a successful lamprey salvage. In
the case of Sunnyside Diversion, close coordination with the Bureau of Reclamation led to enhanced
lamprey survival during project operations, due to slower dewatering rates and seamless pump
operation scheduling.

Project Contacts:

Tyler Beals beat@yakamafish-nsn.gov 509-831-2267
Ralph Lampman lamr@yakamafish-nsn.gov 509-388-3871
Yakama Nation Fisheries Resource Management Program, Pacific Lamprey Project
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#3- Salvage of Lamprey from a Small River Diversion
Bachelor-Hatton Diversion, Ahtanum Creek, Washington

Background and Issue

Irrigation diversions pose risks for larval lampreys
throughout their range. Larval lampreys are attracted to
the slow water and fine sediments that typically collect
near the fish screens. When these systems are shut down
after the irrigation season, entrapped lampreys are
vulnerable to injury and mortality during dewatering and
annual maintenance operations. Bachelor-Hatton
Diversion (Fig. 1) is located on Ahtanum Creek (river km
31.8), a tributary to the Lower Yakima River. Each year,
thousands of lampreys are encountered at this diversion,
despite its small size (maximum flow of 58 cfs) and short
irrigation season (mid-April to early July). In 2015, over
10,000 larval lampreys were salvaged from this small
diversion, primarily using electrofishing. The following
case study aims to 1) summarize our salvage efforts and
observations during the lamprey salvage efforts in 2015
and 2) provide recommendations to salvage lampreys
trapped within small stream irrigation diversions.

Salvage Operation
The headgate and downstream canal

gates were closed on July 10, 2015, with
small leakage of water still seeping in.
Lamprey salvage efforts began on July
14, 2015, and continued until January
28,2016 (seven survey dates). Dredging
operations occurred on October 16 and
17, 2015. An ETS ABP-2 Backpack
Electrofisher was used to remove larval

0!
‘f\’i‘ Flowlj‘e:: ii;e(max)
Figure 1. Upstream of the fish screens at Bachelor-
Hatton Diversion after irrigation shutdown, RKM
31.8 on Ahtanum Creek (Yakima, WA).

lampreys concealed in wetted fine Figure 2. The 50 gallon min™ pump used to lower the water (left photo)
sediment. In total, 10,698 larval and the lamprey mortalities found within the pump (right photo).

lampreys (10,343 upstream and 355
downstream of the fish screens) were
salvaged and returned to Ahtanum
Creek, downstream of the headgate.

During the survey period, a total of 1,518 dead (or nearly dead) lampreys were found on dewatered banks
(n=8; all from downstream of the fish screens), on top of wetted habitat (n=810; all from upstream of the
fish screens), and on dredged material (n=700). During the dredging operation, two pumps (50 gallon
mintand 300 gallon min!) were placed immediately upstream of the fish screens and used to draw down
the water level (Fig. 2). Using hand nets at the hose outlet of each pump (subsampling), we estimated
that approximately 1,188 larval lampreys passed through these pumps during approximately 500 minutes
(8.3 hrs) of total running time (average of 142 lamprey/hour). We estimated between 16% and 25%
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mortality from the 50 gallon min?
pump and 56% mortality from the
300 gallon min! pump, resulting
in an estimated 321 lamprey
mortalities. We received
permission from the Yakama
Nation and the Ahtanum
Irrigation District to allow a small
amount of flow (~150 gallon min
!) through the headgate to return Figure 2. The post irrigation water (~150 gallons min) entering the area
directly through the bypass  upstream of the headgate (left photo) and the overall wetted area upstream of
channel post irrigation season.  the fish screens receiving this water (right photo).

This operation helped provide

fresh water to the entrained lampreys and likely prolonged lamprey survival both upstream and
downstream of the fish screens. The downstream canal gates were closed, so none of this water flowed
downstream into the irrigation canal.

Recommendations and Take Home Ideas
- Even the smallest diversions pose a risk to larval and juvenile lampreys. Irrigation diversions that are

within lamprey distribution and collect fine sediment should be checked for larval lampreys regardless
of the diversions’ size.

- Salvage crews should begin work as soon as possible as lamprey habitats begin to dewater. Larval
lampreys can become stranded on dried sediment immediately after dewatering. Lampreys may also
perish in standing water pools if left for prolonged periods at high densities.

- Allareas in the canal (further upstream and downstream of the screens) should also be surveyed and
salvaged if needed

- Maintaining some flow into the canal to exit through the bypass after the irrigation season could be
an alternative to prolong the life of entrained lampreys, extending the time available for salvage.
Small irrigation diversions can easily become turbid during salvage: a small amount of flow entering
the diversion can increase water clarity and salvage efficiency.

- Fish friendly screens should be placed on pumps used to drop water levels. We recommend a
screening material of < 2.4 mm. The outlet hose from the pumps should be placed back into the
stream so that pumped lampreys will have a chance to return.

- Fish screens are not effective to prevent entrainment of all larval lamprey, especially those less than
60-90 mm. Unseen gaps between or under screens can also pass larger lampreys.

- Discarded material from the dredging process should either be 1) placed back into free-flowing
water and allowed to drift downstream, or 2) if placed on dry lands, searched for larval lampreys. If
placed on dry lands, spread the dredged material on a flat surface to allow ample opportunities to
find concealed lampreys. A sprinkler system, using a small pump and canal or river water, can be
used to keep sediment wet and prolong lamprey survival during salvage efforts.

Project Contacts:

Tyler Beals beat@yakamafish-nsn.gov 509-831-2267
Ralph Lampman lamr@yakamafish-nsn.gov 509-388-3871
Yakama Nation Fisheries Resource Management Program, Pacific Lamprey Project
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#4- Larval Lamprey Electrofishing Surveys
Yakima Nation Ceded Lands (Mid/Upper Columbia Subbasins)

Background and Issue

Since 2008, Yakama Nation (YN) Fisheries has been conducting
larval lamprey electrofishing surveys to document the status of
Pacific Lamprey and effects of adult translocation within the
Yakama Nation Ceded Lands in arid Eastern Washington
(Yakima, Wenatchee, Entiat, Methow, Klickitat, White Salmon
subbasins and other Mid/Upper Columbia tributaries; Fig. 1).
We conduct “full surveys” on established index sites every 1-2
years to assess habitat availability, relative abundance by
species and size groups, and other habitat parameters. We also
conduct “short surveys” that focus on presence/absence and
changes in distribution. Surveys are conducted annually
between July and mid-October.

\‘ i K
Figure 1. Locations of YN Fisheries index
sites located within the Yakama Nation

Studv Design Ceded Lands in Washington.
study vesign

YN Fisheries target watersheds that are
typically 200 km? with river sizes of 20 km
or larger (Note: in humid regions, Pacific
Lamprey can be found in much smaller
systems; e.g., 50 km? and 10 km rivers).
Designated index sites are spaced every
15-25 km. In the Yakima River, these
sites are every ~50 km due to its large
size. We use aerial images from Google
Earth to focus our surveys in prime larval
lamprey habitat within the reach. Type | 2 : :
habitat is preferred larval lamprey  Figure 2. Examples of Type I, Il and lil habitats.
habitat consisting of fine sediment and
organic matter; Type Il habitat is acceptable habitat consisting of shifting sand or a mix of coarse and fine
substrate (Fig. 2). Type lll habitat consisting of only coarse substrate or hard pan clay and is not suitable.
Current and historical aerial images and on-the-ground conditions are reviewed to identify the best
longstanding accessible larval lamprey habitat for index monitoring. Land access permission is obtained
prior to the surveys. Our 14 step-by-step protocols at pre-identified index sites are the following:
1. Mark off a 50-m reach that contains the largest amount of larval lamprey habitat.
2. Estimate the overall amount of Type | and Il habitat within the 50 m reach (in 1 m? increments).
3. Using an ETS ABP-2 Backpack Electrofisher in shallow (< 1 m) water, subsample 10 m? or more of
the overall Type | habitat available within the reach. When overall Type | habitat is limited (< 10
m? or < 10% of overall larval lamprey habitat), 10 m? or more of Type Il habitat is also subsampled.
A 3-5 m long cable/rope (with each meter clearly marked) is useful for area estimate. We use a
single pass survey that includes missed lampreys (i.e. observed but not captured) to measure
relative density and abundance.
4. Record the amount of time electrofished (slow pulse time, which is typically 33% of the overall
time) as a measure for Capture Per Unit Effort (CPUE). 60 sec per m? is our target pace.

P
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Separately tally the number of Young of the Year (YOY 0+ age) and 1+ age lampreys that were
missed while surveying each habitat type. YOY lampreys are counted separately due to the
difficulty in capturing this age class efficiently, the highly variable densities, and very patchy
distribution. YQY lengths are typically < 25 mm by September and < 35 mm by December.
Assess the survey visibility (% of water visible in 10% increments). Think about the percent of
water volume not visible (due to wind, depth, turbidity, aquatic vegetation, etc.) and subtract this
value from 100%. Missed lamprey numbers are divided by this percent to improve the estimate
for the “true” number of missed lampreys.

Measure other habitat features, including water depth, temperature (surface vs. subsurface),
conductivity, voltage needed to reach 1.0 amperage, and sediment type / depth at the best plot.
Sort and count the number of lampreys captured by four groups [Pacific Lamprey = 50 mm (PA),
Lampetra lamprey = 50 mm (WB), unknown larvae < 50 mm (UN), and YOY]. If total # of 1+ ageis
substantially larger than 100 (e.g., > 120), stop at 100.

Weigh the total weight of each of the PA, WB, and UN groups using a ziplock bag (0.5-1 gallon)
with a small amount of water (tared). YOY weight is typically negligent, but if YOY number is > 10,
could also weigh the YOY with a 0.01 g scale (typically individual weight of YOY is 0.01-0.10 g).
Provide a wind break for scale. These values will be used for mass estimation.

Using a photarium (no anesthetic necessary), measure the length of 50 representative lampreys
from the sorted lampreys based on the proportion of the 1+ age groupings [e.g., if the sorted
sample is PA=25, WB=43, UN=32 (100 total), measure PA=23, WB=21, UN=16 (50 total)]. Measure
the largest and smallest from each group to capture max and min values.

Weigh three individual larvae weights for each of the 1+ age groups (aim for a large, medium, and
small size samples, where possible) to gain a representative condition factor.

If there are additional eyed lampreys (juvenile PA, adult WB) that were not measured in the 40
samples, count the total number of those additional ones (if time allows, measure and weigh all
separately from the 40 samples).

Measure five YOY lengths and reassess max size threshold (aim for largest, smallest, and three
representative samples to get the range as well as average values).

Once all biological and habitat survey data are taken, release larvae back to the surveyed habitat.

Summary
The combination of data above will provide representative biological measurement data (N=40) as well

as the estimation of habitat availability (Type /1l area within 50 m), relative density (# and mass density
and CPUE) and relative abundance (estimated # and total mass within the 50-m reach) for each of the four
groups (PA, WB, UN, YOY) and typically takes 2 hrs per site (1.5-3 hrs).

Project Contact:

Ralph Lampman lamr@yakamafish-nsn.gov 509-388-3871
Tyler Beals beat@yakamafish-nsn.gov 509-831-2267
Dave’y Lumley lumd@yakamafish-nsn.gov 509-480-8596

Yakama Nation Fisheries Resource Management Program, Pacific Lamprey Project
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#5- Larval Lamprey Use of Salmonid Restoration Projects
Methow River, Washington

Background and Issue

There is an extensive and resource-intensive effort
underway to improve stream habitat conditions in
the Columbia River Basin, primarily to assist with
recovery of ESA-listed salmonids. A portion of these
projects have the potential to also improve habitat
conditions for lamprey, but to achieve this, the
unique life-history traits and habitat needs of
lamprey must be considered throughout the life of
the project from planning through implementation.
By integrating the needs of lamprey into salmonid-
based restoration efforts, project sponsors and
managers can increase the overall ecological value
of their project with potentially minimal additional
cost.

Study Design
Several salmonid-based habitat

restoration projects in the
Methow River watershed that
included large wood installations
as a treatment component have
been monitored since 2011 for:
1) accumulations of fine
sediment that could serve as
larval lamprey rearing habitat
and 2) use of the fine sediment
accumulations by larval lamprey.
Larval sampling occurs annually
during periods of low water

when the fine sediment
accumulations are most
accessible. Larval lamprey

presence sampling is completed
by either electrofishing or hand

of an engineered wood structure installed to benefit
salmonid recovery, Methow River, Washington.

sifting of sediment. Restoration
sites are visited annually post-
high water to examine
development of fine sediment
accumulations, but no detailed
habitat data collection is undertaken.

Figure 2. Numerous larval lamprey have been observed within this patch
of fine sediment that has accumulated downstream of an engineered
wood structure (visible in the upper portion of the image) installed to
benefit salmonid recovery, Methow River, WA. The wood structure was

-
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Results and Discussion

We found extensive development of larval
lamprey rearing habitat in close proximity
to five engineered wood structures
installed along the streambank. Prior to
restoration, fine sediment was not
present at any of these locations. After
restoration, accumulations of fine
sediment most commonly developed
downstream of the structures. Sediment
accumulations began to form the year
after installation following the spring
runoff. Size and configuration of the
sediment patch varied from location to
location based on stream channel and
water flow patterns. Larval lamprey
presence and abundance also varied Figure 3. Several distinct bands of fine sediment accumulation can be
among locations and ranged from just a seen downstream of this engineered wood structure in the Methow
River, WA. These accumulations include sand (outer band) and finer
sediment/detritus (inner band). Larval Pacific lamprey have been
observed inhabiting both of these micro-habitats.

single larva to >5/m?. We found that fine
sediment accumulations can persist
relatively unchanged at some locations
for many years, but also shift in both size and shape over the course of just one flow event. During our
study, an extensive adult lamprey translocation effort was undertaken in the basin; we attribute the
significant increases in larval abundance observed at many sites to this effort rather than the actual quality
of habitat occupied, but note that projects increased habitat availability simply through the fine sediment
accumulations.

Summary and Take Home Ideas
We have documented numerous locations in the Methow River watershed where fine sediment suitable

for larval lamprey rearing has accumulated around (especially downstream of) engineered wood
structures. While these structures were installed to benefit recovery of ESA-listed fish species, they are
providing habitat for other aquatic species, including imperiled lamprey. Our efforts are just a starting
point from which more detailed studies could be conducted that investigate the relationships between
salmonid-based large wood installation projects, as well as other types of restoration techniques (e.g.
beaver dam analogue structures), and their use by lamprey. Specifically, certain log configurations may
be able to develop more sediment depending on stream channel characteristics and water flow patterns.
A particular wood structure design could leverage these characteristics to maximize accumulations of fine
sediment. Detailed habitat monitoring of the sediment accumulations will aid in this analysis.

Project Contact:
John Crandall 509-341-4341 John@methowsalmon.org

Methow Salmon Recovery Foundation
Twisp, Washington
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#6- Evaluation of Salvage Techniques - Slow Drawdown
Leaburg Dam, McKenzie River, Oregon

Background and Issue &
Larval lamprey naturally reside and burrow in fluvial j

sediments and are especially vulnerable to stranding and
mortality during dam operations or other in-water work
that dewater nursery habitats. To evaluate the effects of
drawdown in the Leaburg Reservoir (Figure 1), a study was
conducted during a slow, 92 cm, drawdown, at 4.6
cm/hour, to 1) examine changes in larvae distribution,
abundance, and density before and after drawdown; 2)
evaluate several techniques for larvae salvage during
drawdown; and 3) examine larvae emergence from
burrows during dewatering.

Study Design
The complete write-up of this study is available at

https://www.fws.gov/CRFWCO/CRFPO pubs.cfm

During the drawdown, four techniques to salvage and
quantify larvae were evaluated in eight plots: 1)
excavation, 2) electrofishing the dewatered sediments or
“dry shocking,” 3) liquefaction, and 4) observation (Figure 2). For excavation, sediments were removed
down to 15 cm depth and larvae were sieved from the sediment. Dry shocking used lamprey specific
electrofishing techniques to encourage larvae from the sediment, so that larvae can be salvaged by hand.
Liquefaction, a technique used on coastal beaches in Washington to enumerate razor clams, was intended
to create a slurry of water and sediments from which larvae could be salvaged by hand. Observation
(watching numbers of lamprey emerging over time) provided information on the number and time for
larvae to emerge from dewatering sediments at this slow drawdown rate (4.6 cm/hour). In addition,
larval distribution, abundance, and density were evaluated before and after the drawdown using a
deepwater electrofishing boat set up especially for larval lamprey (Figure 2).

Figure 1. Study site depicting Leaburg Reservoir
and the area of impacted by drawdown at RKM
62.4 of the McKenzie River.

Figure 2. Example plot (3x3 m) and techniques evaluated during drawdown (right). Deepwater electrofishing boat designed for
larval lamprey detection (left). Electrofisher schematic (left inset): Figure 1b in Bergstedt, R. A., and J. H. Genovese. 1994. New
technique for sampling sea lamprey larvae in deepwater habitats. N. American Journal of Fisheries Management 14(2): 449-452.
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