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1 INTRODUCTION

1.1 Background and Need

The Pacific lampreyEntosphenus tridentatpis an ecologically and culturally important species

in the Northwes{Close et al. 2002, Peterskawis 2009, Luzier et al. 2011) aitchas particular
significance to the Wiyot Tribe in Northern Californfavailable evidence suggests that the

s p e c opelatién apd range have declined substantially from historical levels both regionally
(Moser and Close 2003, Nawa 2003, Moyle et al. 2009, Luzier et al. 2011) and in the Eel River
basin(Stillwater Sciences 2010, Stillwater Sciences 2DMhich receivedts English name due

to the fact that it once contained large numbers of Pacific lamfreganonly referred to as egels

or gouddawin the Wiyot languagég

In response to declining Pacific lamprey populations and lack of informatiewiyot Tribe

and Stillwater Sciences have implemented a program to study and thetepeciet the Eel

River basinAfter performing an initial review of informatiome identifyingkey data gaps and

potential threats to the species (StillwateieSces 2010)we developea life-history-based

conceptual modéb use as a framewofar identifying factors most likely limiting the species

the basin (Stillwater 2014These documents highlighted the lack of information on life history

and distrilution of the species ambinted toward the need for more systematic collection of

popul ation data'both to monitor faadbtpidanal trends
our growing understanding basic biology andimiting factorsin the basin

Accordingly, herein we preseatstrategyor longterm monitoring of Pacific lamprey in the Eel
River basin.The primary goal of the Wiyot TrildePacific lamprey monitoring program is to
monitor trends in abundaneaddistributionof thespecieswithin the lower Eel River basin in
support of effective management, conservation, and restor@otiaction of baseline
information on distribution and life history of the species instuelyareaand testing and
refining monitoring methoalogies are imperate first steps in designing and implementing a
monitoring programThus,in 2013 2014we conduced pilot amnmocoete and spawning surveys
in selectegportions of thdower Eel River basirio better understarghtterns irdistribution and
spawningand test methodg\dditionally, wedesignedand implemented systematic and
repeatablereel survey of lamprey harvebat will be used aswindicatorof annual adultun

size inthe Eel RiverResults othesepilot surveys are presented in Section 2.

Importantly, pilot surveys ereused to inform developmeot sampling strategies, refinement of
field protocols, and selection of survey sites for each element tfrtéerm monitoring

program Section 3 presentssystematianulti-life-stageframework for monitoring Pacific

lamprey includingthe following considerations for each monitoring elemspétial scalg
numbersand locations of survey sites; sample periodicity and seasonal timing; effort required,;
and monitoring metrics

The Wiyot Trike Natural Resources Departm@MNRD) conducted fieldwork for this project
with training and technical assistance provided by Stillwater Sciences. Data analysis and
reporting for 2014 pilot surveys and developmerthelong-term monitoring prograrwas lel
by Stillwater Sciences with input and editorial review from WNRD.

January 2016 Stillwater Sciences



Monitoring Pacific Lanprey in Lower Eel River Basin

1.2 Study Area

The geographic focus of loigrm monitoring of Pacific lamprdyy the Wiyot Tribas Wiyot
ancestral territory and adjacent portions of the lower Eel, Van Duzen, and South Fork Eel
watersheds that are of interest to Tm#ve and close enough tbe tribal office taegularly
monitor. This geographic scope recognizes the logistical addddary realities of monitoring
species ira large river systenWe anticipate that developmeartd implementatioof a Pacific
lamprey monitoringprogramfor lower portions of theeel basin will encourage other Tribal and
agency entities to implementsiar programgn other parts of the basin, ideally in a manner
consstent with and coordinated with this program

Thestudy area fo2013 2014pilot ammocoete surveyscluded the lower Eel River upstream to
the South Fork Eel River confluence, the VameBn River upstream to and including Grizzly
Creek, and Bull Creek, a major tributary to the lower South Fork Eel River (Figh)td the

study area fo2014spawning surveys included the ammocoete study areapladditionalt

miles of the mainstem Vabuzen River and approximately 40 miles of the mainstem South Fork
Eel upstream to the East Branch of the South Fork Eel Fatilwater Science$2014a)
providesmoreinformation on the geographic, climatand landuse characteristics of the Eel

River basin.
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2 PILOT MONITORING

2.1 Ammocoet e Surveys

Ammoamete surveysonductediuring2013 2014pilot monitoring consisted of distribution and
habitat surveys conducted in vaatble streams and relative abundance suraeyglex sitesn
unwadeablstreamsThe primary objectivesf these surveys were: (1) expand understanding of
Pacific lamprey distributioand basic biologwithin the study area, (2) test and refine
methodologies for monitoringdistribution anchbundance of the ammocoete population, and (3)
inform selection ofndexsitesthat will be revisited periodically as partlohg-term monitoring

of thespeciedn the Eel River study areilethods and results tifiese surveyare presented
below.

2.1.1 Methods
21112 Distribution surveys

Distribution surveys were designed to facilitaficient detection of ammocoete presence, while
also allowing for collection of data informing relative abundance and habitat availability within
survey reaches

Study reaches for distribution surveys were selected &omitial list of 129 streamswithin the
study aredisted in theGeographic Names Information System (GNB)irty-two of these
streans were excluded from consideration doéavingcontributingdrainage area<2 km? or
drainage areas <5 Krandchannelgradientgporedominately>8%. However, two streaswith
drainage area <2 KiyLittle Palmer and Finch creeks were kept on the list due to their low
gradient and proximity tthe Table Bluff ReservationChannel gradient and drainage area for
stream reaches in the study area were d@tedrfromGeographic Information Systems (GIS)
andhighrresolution channel network attributed witiese features as describedbtillwater
Sciences (201). The remaining 8 streamsconstituted the sampling frame for distribution
surveys in the study aadAppendixA). Streams for conductingjlot distributionsurveyswere
prioritizedby WNRD basedon proximity to the Table Bluff Reservation, stream size (drainage
area generally >1Km?), channel gradient (lower gradient streams), and general accegsibdit
convenience (e.g., proximity to oth&urveystreams)Additionally, streams or reaches where
Pacific lampreg wererecentlydefinitively detected $tillwater Sciences 201} werenot
surveyed.

Systematic mmocoete distribution surveys were conductetthiiieenstreams in the study area
between December 2013 and September 2014 (2ehl&igure2-1). Within a streamstandard
distribution surveys generally began at the confluence with a larger streamndinded
upstreamIn Root Creek, nly habitat surveys were conducteecause the stream was
predominately dry and there was no suitable wetted hahitatg the surveyAdditionally,
numerous smatb moderate sizestreams in the study areere visited butcould not be
surveyeddueto the severe drought in the region, whichtlethck of watelandbr presence of
high densities of salmonids trapped in smaflated poolsOpportunistic sampling was
conducted at a single site on Lawrence Creek neantuth of Bell Creek thelpinform upper
distributionin the stream
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Table 2-1. Streams in the Eel River basin study area where ammocoete distribution and habitat
surveys were conducted in 20133014

Stream
Stream ReachID* Tributary to Sub-basin drainage Survey date
area (knv)

BearCr 001 Eel River Lower Eel 21.9 12/18/2013
PriceCr 002 Eel River Lower Eel 34.0 1/15/2014
StrongsCr 003 Eel River Lower Eel 43.8 1/21/2014
HoweCr 004 Eel River Lower Eel 28.3 1/28/2014
RohnerCr 005 StrongsCr Lower Eel 11.8 2/4/2014
Atwell Cr 006 Howe Cr Lower Eel 11.1 2/6/2014
Booths Run 007 LawrenceCr Van Duzen 15.4 7/15/2014
Bell Cr 008 LawrenceCr Van Duzen 11.6 7/15/2014
ShawCr 009 LawrenceCr VanDuzen 13.6 7/22/2014
BlantonCr 010 YagerCr Van Duzen 8.2 7/22/2014
CuneoCr 011 Bull Cr SF Eel 11.3 7/28/2014
SF YageICr 012 YagerCr Van Duzen 27.8 7/30/2014
RootCr? 013 Van Duzen Van Duzen 16.6 9/11/2014
Grizzly Cr 014 Van Duzen Van Duzen 49.0 9/11/2014
Lawrence C¥ n/a Van Duzen Van Duzen 43.0 7/15/2014

1 Reach ID is provided here to facilitate locating reaches in Figdre 2

2 Electrofishing was not conductéu RootCr because the stream was predominately dry and there was no suitable
wetted habitat.

3 Sampled opportunisticallgt the mouth of Bell Creek. Drainage area listed is for this location.
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Distribution surveygor each stream reaetere carried out bgystematically samipig all

suitable ammocoete habi(@ee Table 2) in 100-m channel segmenfmeasured along the

thalweg with a laser range finderortape) t y pi cal |l y starting at a strea
continuing upstrearantil one of the following occurred

9 Pacific lampreysveredefinitively documentedtftersurveyingat leasione100-m channel
segment.

1 At least ten 106n segmentsl(,000 n) of channeWwere surveyedand no Pacific lampreys
were found.

1 Approximately 10 noradjaceneandhighly suitable (Type 1) ammocoete habitat patches
eachwith an area greater than ¥ (40.8 f£), were sampled and no Pacific lampreyere
foundd and at least threE)0-m segments of stream weserveyed

1 Accesswas limited due to safety concerns or private property

For each 100n stream segment, ammocoete haditat datavere collecteds described below.
Ammocoetes were sampled usingErsS AbR2 backpack electrofishelesigned t@apture
lampreysburrowed in stream substratédl suitable(see Table 22) ammocoete habitgiatches
encountered (including those in alcoves, side channels, and otlvhiaafiel features) that were
larger tharll n? weresampled. Suitable habitat patches were visually identified and categorized
as either Type | (preferred) or Type Il (acceptable) based on dominant substrate characteristics
and particle size§able2-2 was used to assist with objective identification eatkgorization of
habitattype Table 22 generally follows descriptigof rearing habitat types outlined by others
(e.g., Slade et al. 2003, Fodale et al. 2003), but attempts to describe substrate characteristics of
each type more precisely basedrecat descriptions of ammocoete habitat preferdeag,
Torgersen and Close 2004, Stone and Barndt 2005, QR0. In stream segments containing

no or few suitable habitat patches >3, opportunistic electrofishing of smaller patches or

patches with balerline suitability (e.g., clay or gravel substrates) was carried out to help
accomplish the primary objective of detecting lamprey presence.

Table 2-2. Characteristics of ammocoete habitat categories used as a guideline for field
classification of rearing habitat suitability.

Rearing Dominant Particle size

habitat type substrate range (mm)* Notes on classification

Finergrained sedimer{tlays) not suitable unles
0.004 0.062 | loosely packed and mixed with substantial
fraction of organic matter.

Silt with or without
organic matter

Type I/ Fine to medium
Preferred grain sand with
substantial fraction| 0.063 0.50
of silt or organic
matter

Substrates dominated by coargeained sands
(<2 mm) may becategorized as Type | only if
they contain a substantial fraction of organic
matter and silts.
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Rearing Dominant Particle size Notes on classification
habitat type substrate range (mm)*
Medium grain to Considered acceptable if mixed with some gra
coarse sand with . .
. ) andsmall cobble substrates if other habitat
zero to vey little 0.252.0 h gy 5o highl itabl
silt or organic characteristics are also highly suitable. Not
Type I/ matter considered acceptable if hapdcked.
Acceptable Fine gravel with a Substrates dominated by medium gravél (8
substantial fraction . 16 mm) may be categorized as Type Il if they a
. ) 2.0/8.0 ; . )
of fine sand, silt, or loosely packednd contain substantial fraction ¢
organic matter finer substrates or organic matter.
Clay sediments are generally too compacted fc
burrowing. Coars@rainedclays may be
Clay sediments <0.004 acceptable if they are loosely packed and cont
significant fractions of silt and/or organic matte
and other habitat characteristics are also suital
Type 1l -
Generally considered not acceptable.
Not . :
Medium to coarse ’ Ammocoetes haveeen documented in gravel
Acceptable 8i 64 . ,
gravel substratesout they are considered marginal
habitat.
Small cobble and Ammocoetes have been documenteddhble
larger including >64 substratesout they are considered marginal
bedrock habitat.

1 Sizes based on the Wentwortbale(Wentworth 1922)

Electrofishingwas conductedly a field crew consisting of apperator and one or two netters.
Each suitable habitat patch was systematically sampled with a thorough, singéd passe of
approximately 9& per nt of suitabé habitat. rect current was delivered using the primary
slow-pulse channel at three pulsesecond to induce ammocoete emergence from substrate.
When necessanhé secondary fagtulse electrofishing channelith a direct current of 30
pulsegs, was gplied to aid in capturef ammocoetethat emergedom the substrate by
stunning themA 25% duty cycle and 3:1 burpulse train cycle were applied and peak output
voltage for both channels was typically 125Sampling effort for each habitat patch drfi:m
stream segment was recorded as seconds of timepsii®& current was applied, using the Bbuilt
in timer on the AbR2 electrofisher.

Length and average width of each Type | and Type Il habitat paiehmeasured with a stadia

rod or tape and used estimate total habitat aréandthus thesample time requirgdOnly

substrate that wasettedduring the date of the surveyas measured and samplé&tie entire

area of suitable habitat patches smaller tham2(108 f£) were sampled. However \itas

necessary to sekample larger patches to ensure sufficient time remained to survey an adequate
length of channdfor documenting presence of Pacific lampregr patches larger than 1G¢ m

(108 f£) and smaller than 304823 ff), a subsample of 103was conducted. For patches

larger than 30n?, 33% of the patch area was subsampled. Prior to beginning subsampling,
approximate boundaries akubsample area representative of the larger patch were delineated
This area was sampled at the same ra@®sfper rhof habitat.

When encountering a significant sideannel branching othe 100-m survey segmentit was
samplel following completion of the main channel segm&ide channed wereessentially
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treated as additional survey segnsemtd sampledh theirentirety using the same methods as
main channelsSide channel length was estimated using a laser range finder .or tape

After electrofishing eacthO0-m survey segment, all captured lampreys were anesthetized,
measured to the nearest 1 mm, identified to genus (&titesphenusr Lampetrg where
possible (typicallyndividuals >60 mm) by examiningaudal fin and ventral pigmentation
(Goodman et al. 200%Reid 2012), and categorizad one of théollowing life stages:
ammocoetes, eyagmmocoete$ fi t r a n s,fmacrophéhalmsia) 9r adulfter recovering
from anesthesia, all captured individuals were released withitOfe segmentn whichthey
werecaptured.

In addition to data on captured lampreys, we recorded the following information fot @&oh
survey segment:

1 GPS coordinateat segment start and end points
1 Maximum substrate depth of each habitat patch sampled

1 Number ofqualifying large woa (LWD) piecesin the survey segment that were instream
(touching water otheactive channgland overhangingpérched abovthe active channél
Qualifying LWD was definechsa piece of wooe@ither >15 cm in diameter and 2 m long
or a root wad with a cignd >30 cm in diameter with no minimum length.

1 Whether each habitat patch was associaitt(adjacent to and apparently created doy®
or more pieces of large wood

1 A minimum of two lankfull and wetted widtimeasurements at representative locations
within the survey segment

1 Qualitative ratingf relative abundance stiitablePacific lampreyspawning habitai
aid in selection of potential spawning survey rea¢Bestion 2.2)

1 Photographs looking upstream and downstream from the start, mid, apdietsof the
segmentnd of other noteworthy features such as large Type | habitat patches, side
channels, large wood jams, or significant bank erosion.

21.1.2 Index site relative abundance surveys

The purpose dahe pilot index sitesurveyswas totestsampling protocols for characterizing
relative abundance of ammocoetes in large patches of high quality mathitatunwadeable
streams. The ultimate goal of index site surveys is to evaheads in relative abundance at
these sites over time as paftong-term monitoring. The pilot surveys were designed to estimate
relative abundancef ammocoetegmeasured as figm?) while also informing how many
samples are required dietect changes imbundance at each siaeer time A secondary aim of
these pot surveys was to determine if lamprey density within a site was relateabitat
variables such as distance from shore, water depth, substrate depth, or presence of aquatic
vegetation, dead organic matter, or algal nratee sampleuadrat Understading trese
relationshipsontributedto the design o sampling strategthatmoreaccurately estimase
densityat eactsite.

Field methods

In early fall 2014, pilot mmocoeteelectrofishingsurveyswere conducted at four index sites in
the study aredwo in the lower Eel River and two in the Van Du®iner (Figure2-1). We
selected sites that had easy access and a relativelyfwaetjed aregreaterthanapproximately
150 n¥) and contiguous area df/pe |habitat(e.g.,Figure2-2).
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Figure 2-2. Example of an ammocoete index site sampled during 2014 pilot surveys: Looking
downstream at Ste ERI2 (Eel River near Stafford).

When arriving at each index site, the site was diagrammed to scalieldedgpapeusing a
stadia rod and00-m measuring tapt assist with dection of areas to be sampled by
electrofishing(e.g., Figure 2B). These diagrams included:

1 Thewetted boundary ofype | habitapatch to be sampled
1 The wetted boundary of nearesteam bankand

1 The bundary of suitable substrate theds contiguous with the patch to be sampled b
dry on the sample date.

If anedgeof patchwas too deeffor effective sampling with the backpack electrofisher ifp1
themaximum depth boundaryas drawrandthearea of suitable habitat too deep for sampling
was estimated visuallgnd recorded

After diagraming the patdboundariesthe patch wasvenly divided intolower, middle, and
upper segmentsased on lengthf the patcHfrom downstream tapstreamNext, &n 1 nd
samplequadras were selecteghs described belowyithin each of the three segments for a total
areaof 30m?to be sampled at each site. Sampladras were evenly spaceseparated by at
least 1 mjn a zigzag pattern from denstream to upstream afrdm the bank edge to the
thalweg edge of the patch to capture variation in depth and distance from bank at(frigugiee
2-3).
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Figure 2-3. Example index site diagram showing selected sample quadrats in the upper
segment of Site El1, located in an alcove on the lower Eel River (note : lower and
middle segments not shown).

After selectingocations ofsamplequadras, eaclquadratwas sampleavith a single 90s pass
(based on slovpulse timerusing arETS AbR2 backpack electrofishevith the settings
describedhbove Quadrats were sampled in the downstream to upstream direstomem?
nettedframecovered witha finemeshed0.6 mm)polyester materiabn the sidesvas placeen
eachsamplequadratio aid in capture of ammocoetes (Figdré). An attempt was made to
capture H lampreys that clearlgriginated from the substrate within the sampladratIn cases
wherethere were larg numbers of youngf-theyear ammocoetes (<2Bm), capture ofarger
individualswas prioritized The number of ammocoetesenemerging from the substrabeit not
capturedvasestimated anthllied. Capturecammocoetedrom eachguadratwere placed in
separateb-gallon buckets for identification andeasuremenising the methods described above
for distribution surveys. After recovering from anesthesia, all captured individuals were released
near the area they were captured in, but well downstream afcpudost samplguadras to avoid
re-capture.
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