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Preface

In 2018, thePotential Habitat Break (PHBEience Panel convened by The Forest Practices

Board (FPBr Board developed a study desidRHB Science Par)19)to validate potential

habitat breaks (PHBs). The study deskRidE Science Pari)19) was reviewed and approved

by Independent Scieniif Peer RevieiISPRR however there were varying levels of comments

and criticisms from all caucuses participating in Hoeest PracticesAdaptive Management
Program(AMP)to particular aspects of the study design and the review process. In 2019, the

Faest PracticesBoalB Y YRSR G KS LINRP 2SO0 (2 O Kéap®d LI NI Y ¢
management science progrartasking theCooperative Monitoring, Evaluation and Research
6/ a9wl O2YYAUGGSS 4A0GK NBGAaAY 3 K8 standadisR &
(referenced inForest Practicesdard Manual Section 22 CMERassigned the study design

P
(0p))
Qax

revision tothe Instream Science Advisory Group (ISAG)is revised study design was
developedby a project team formed within ISAGhis document was agted fromthe PHB

Science Pandraft (2019 and includes substantial excerpts from this previous version.

Summary

The upstream extent of both fisHistribution and ish habitat in forested watersheds is
influenced by many factors includinghannel gradient, channel sizechannel condition,
nutrients, flow, barriers to migration, history of anthropogenic and natural disturbancepand

fish abundance Potential habitatbreaks (PHBs) are defined as permanent, distinct, and
measurable in-channel physical characteristics that limit the upstream extent of fish
distributions.PHBsvould be used in a Fish Habitat Assessment Methodology (FHAM), currently
under developmentTheWashington Forest Practices Board pasposedthree setsof criteria

to be consideredin determining PHBsbetweenfish (TypeF)andy 2 y mibedriagKTypeN)
watersacrosghe state. Thesecriteriaarebasedupondatathat can becollectedduring asingle
Washington Department of Natural Resources (DNR) protocol electrofishing survey and include
channelgradient, bankfull width, antboth @S NIi A O £ | yidh-defonabie@adunali A O f
obstaclesto upstream migration. Detailed information is needednothe uppermost fish
location and associated habitat in small streams across Washington Statealuate which
physicakriteriabestdefinethe endof fish (EOFhabitat (the uppermoststreamsegments that

are actually or potentially could bahabited by fish at any time of the yebased on habitat

accessibility and suitability Some data on habitat conditions aippermost detected fish

PHB Study Design [ April 18, 2023
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locations are available (e.g., from existing water type modification forms [WTMFs] submitted
to DNR),but these data were found to be insufficient to determine PHBs that defined

uppermostdetectedfish locations and associatédbitat.

The purpose of this study is to develop criteiacharacterize®PHBsas accurately as possible
and to evaluate the utilittand accuracyf PHB criteria selected by the Board for use in the Fish
Habitat Assessment methodologiyHAM)aspart of a water typingrule. Thestudyis designed

to assessombinations of gradient, channel width, barriers to migration, and other physical
habitat and geomorphic conditionassociated with uppermost detected fish locatiofsudy
findings will 1) inform which Boardidentified PHB criteriamost accuratelyidentify the
upstream extent of fish habitah an objective and repeatable manres applied in the FHAM

2) evaluatewhether an alternativeset or combinationof empiricallyderived criteria more
accuratly achieves this goahnd 3)provide insight into howippermostdetectedfish points

and assoiated stream characteristicaay vary acrosgeography seasons, and years.

The studywill be conducted acrossvo samplingseasongspring and fall/wintey in each of
three yearsat 350 sites statewidel60in Easterrand 190in Western WashingtonUppermost
detectedfish locations will be determined during each season at eachfsitewing modified

DNR protocols for electrofishing surveys. Once the uppermost fish is located during each
sampling event, theippermostdetectedfish location will be fagged, GPS coordinates will be
recorded, and a longitudinal profile habitat survey will be conducted to characterize habitat
and geomorphic condition§60 ft OO0 meters) downstreamand 660 ft upstream of the
uppermost detected fish location. To evaluate seasonal changes in the location of the
uppermostdetectedfish, the sites that can be accessed in the fall/winter season wiisied

with an augmentedserially alternatingpaneldesign One quarter of the sites witle assigned

to the fixed panel and will be surveyed every fall/winter, and the remainderhbeilbllocated

to three alternating panelsOneof the three alternating panelwiill be surveyed each yearand

the sample is augmented by the fixed panel of sgash that every accesde site will be
surveyedat least once during the fall/winterlf an uppermostdetectedfishlocation change
during any subsequent survegdditional longitudinal profile swvey datawill be ollectedto
ensure that there areehanneldata 660 ft above and660 ft below uppermostdetectedfish
locations for all seasons and yeaata will be analyzedsing a suite of statistical methods

(e.g., random forest, classification, and regresstorgetermine the combinations of gradient,

PHB Study Design il April 18, 2023
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channel width,and other geomorphic features associated with thygpermostdetectedfish
locationsacross all seasons and yeatsach sitewhich willdefine PHBs an@&OF habitatand
whether these vary across Eastern and Western Washingkamally, a suite of PHB
performance analysewill be used to evaluate the effectivenessBdardproposed or other
empiricallyderived PHB criteriaesulting from this studyn determining the regulatory break
0SU6SSY FAAK 6¢@L)S CO watefR y2ynFAaK o6SFNAy3
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Introduction

In Washington State, forest practices are regulated by the Forest PracticéR@\t 76.09)
established by the legislature, with rules established by the Washington FRnasices Board
(Board). The goals dhe rulesinclude protecting public resources(water quality, fish, and
wildlife) and maintaining an economically viable timber industry. Rules pertaining to aquatic
and riparian habitats are specifically includedhe Forest Practices Habitat Conservation Plan
(HCP), which provides coverage for approximately 9.3 million acres of forestland in Washington
(6.1 million acres west of the Cascade Crest and 3.2 million acres in eastern Washington).
Specifictimber harvestand roadprescriptions (rules) are applied to watemsed byfish to

protect fish and theihabitats.

The Board is responsible farlemakingand overseeing the implementation of forest practice

rules. The evaluation of the effectivenessof these rules is administeredby the Adaptive
Management Prograraf the WashingtorDepartmentof NaturalResourcesWatertypingisan

important part of applying contemporary forest practice rules since prescriptions in riparian
areas are based in part on whethgtreams are or potentially could be used by fish. Streams
identified as having fishabitatare classifiedasTypeFwaters,definedin the water typingrule

(WAC H H H Tt m)c and ohave specific riparian buffer prescriptions and fish passage
NBIjdZANBYSyliaod CAakK KFEoAlGlFdG Aa RSFTFAYSR Ay 21/
any life stage at any time of the year including potential habitat likely to be used bwfhigth

O2dzZ R 6S NBO2OSNBR 060& NBadu2NIXGA2y 2N YIylF3aSySs
an interim ruleallows for the delineaion of Type F watershrough the use of eithedefault
physicalcharacteristic§WACH H H TT M @maprotocdl electrofishingsurvey. DNRprovidesa

map showingstream segments of modeledish habitat. The Forest Practice Rules require

forest landownersto verify, in the field, the type of any regulated waters identified within
proposed harvest areas prior to submitting forest practices application/naotification.
Landowners may use theefault physical criteria or the results from protocol survey
electrofishing to identify the regulatorflypeF/N break. Landowners are encouraged to submit

a Water Type Modification For(WWTMF) to the DNR to make permanent changebe water

PHB Study Design Pagel of 130 April 18, 2023
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type maps. Thousandsof WTMFs have been submitted to DNRto modify water types and

modify the location of the break between Type F and Type N waters.

The Board is currently in the process of establishing a permanent water typing rule. Ultimately,

the rule must be implementable, repeatable, and enforceable by practit®aad regulators

involved in the water typing system. An important part of the permanent rule will be guidance

on a specificprotocol to determinethe regulatorybreakbetweenTypeF and TypeN waters.

The Board is considering the use of a fishitalassessment methodhat incorporates known

fish use withPHBgo identify the upstream extent ofish habitat. The Board recommended

that PHBsbe basedon permanentphysical channetharacteristicssuch aggradient, stream

size,andor the presenceof non-deformable @S NI A O f

| yh&urayopsyaniadss NI A O f

potential barriersto upstreamfish movemeniWA Forest Practices Board 201

StudyPurpose

The purpose of this study is to develop criteria for accurately identifying PHBs and to evaluate

the utility of PHB criteria for use in tHéish Habitat Assessmeltethodology(FHAMN aspart

of awatertypingrule. Thestudyisdesignedo assessvhich combinations of gradient, channel

width, barriers to migration, and other physical habitat agdomorphic conditionsare

associated with uppermost detected fish locations. This will 1) inform which Boandified

PHB criteria most accurately identify the upstream extent of fish habitat in an objective and

repeatable mannemns applied in the FHAMnd 2) evaluate whether an alternative set or

combinationof empiricallyderivedcriteria more accurately achieves this g¢@MER2020).

Additionally, this study is intended to provide insight into happermostdetectedfish points,

upstream extent of fig habitatbased on FHAMand PHBs proposed by the Washington Forest

Practice Board may vary across geography, seasons, and yigeBoard is expected to use

the study findings to inform whicRHBcriteria to use in FHAM.

It is important to note that ths study is not intended to evaluate the current water typing

system or the FHAMjor is itintendedto describe how the regulatory Type F/N break should

be determined.PHBs are defined in FHAM as permanent, distinct, and measurable changes to

in-channel physical characteristioc®ther factors such as temperature, flow, water quality,

PHB Study Design
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population dynamicsanthropogenic and natural disturbancand biological interactionare
important covariates that might influence the distribution of fishes but do not affect PHBs

Therefore, they are not being evaluated in this study.

ProjectResearch Questions

The followingproject-specificresearch questions were developed to addrksg uncertainties
andprovideinformation needed to evaluate the performance of tR&IB criteria provided by
the Washington Forest Practices Boardl empirically derived alternatives. They also address

certain aspects ahe CMER Workplan Rule Graentical questiondistedin Appendix A

UPSTREAMOSTFISH LOCATIONS
1. How do the locations of the lastuppermost)detected fish vary interannually?
2. How do the locations of the lasfuppermost)detected fish vary seasonally?

3. How do the locations of lasuppermost)detected fish vary geographically across the
state of Washington?

HABITAT ASSOCIATED WURSTREANMIOST FISH LOCATIONS

4. How do the physical channel and basin characteristiegy( bankfull width; average
gradient, basin size) associated with the identified efupstream extent)of fish
habitat vary geographically across the state of Washington?

5. Where the location of thdast (uppermost)detectedfish changes (seasonally or
interannually), how does that influenc&hich PHBwould be associated with the F/N
break and how frequently does that occur?

6. How db the physical channel features at the locatis initially identified as PHBs
changeoverthe course of the study

7. How often b similar features appear to limit upstream fish distributions in some
contexts but not others €.g.,further into the headwaters vs. downstream; different
flow levels)?

PHB ERFORMANCE ANALYSES
8. Which combinations of physical channel features and basin characteristics (for

example, gradient, channel width, barriers to migration) best identify the end of fish
habitat relative to the location of theast (uppermost)detected fish?

9. Can protocols used to describe Pslie consistently applied among survey crews and
be expected to provide similar results in practice?

10.How well do the PHB criteria provided by the Washington Forest Practices Board
accurately identify the EORabitat when applied in the Fish Habitat Assessment
Methodology (FHAM)?

PHB Study Design Page3 of 130 April 18, 2023
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Approach

We will use data from electrofishing aptiysicahabitat channel surveys aspatially balanced
sample of350streamsacross Eastern and Western Washington to addresprbjectresearch
guestions abovandto evaluate proposed criteria to be used as potential habitat breaks in the
FHAM. We will conduct multiple surveysver a threeyear periodto documentseasonal and
interannual changem fish distribution ando maximeethe likelihood ofidentifyingthe upper
extent of fish use in each streanThis wilallow us to address questions about seasonal and
interannual changes in uppermost fish location, and to evaluate proposed criteria to be used
as potential habitat breles in the FHAMWe willidentify PHBs associated witle upper extent

of fish habitat using a suite of physical chanai#dibutes and basin characteristics. Three sets

of PHBclassification criteria proposed by the Board will be assessed and an indspesad of

criteria will be developed with statistical tools for classification.

Backgroundadapted from PHB Science Panel 2019

Overthe past20 years,protocol electrofishingsurveyshavebeenconductedunderWACH H H Tt
mMmcmmnomMm ¢gAGK FdzARIFYyOS LINRPGARSR o6& . 2FNR al ydz
Type F waters. These surveyfien incorporate additional stream lengthpstream of the
uppermostdetected fishto includehabitatd f At eusedby T A Jd&FEA Y SR Ay 21/ HH
010). Throughout Washington, thappermost fish detected during protocolelectrofishing

surveyss most often a salmonjénd inaround90% of cases the uppermost fish is a cutthroat

trout (Oncorhynchus clarki(D. Collins, Washington Department of Natural Resources,
unpublished dataFransen et al. 20060ther salmonid species that have bedwmcumentedat

uppermost fish locationsn waer type modification formscross Washington include rainbow

trout (O. mykis} brook trout(Salvelinus fontinalist y Ay i NE RdzOSR y2ynyl A O
established in many Washington streams), and (rarely) bull (®utonfluentus In headwater

reachesthat are accessibleto anadromousfishes,coho salmon (O. kisutchH juveniles have

0SSy NBLRNISR 2y 200laAirz2y +a (KS dzumSmNd2ad 7T

at uppermost fish siteen WTMFs in western Washington, sculpin€ottusspp) were most

TWAC 22216-010: "Fish" means for purposes of these rules, species of the vertebrate taxonomic groups of
Cephalospidomorphi [lampreys] and Osteichthyes [bony fish].

PHB Study Design Paged of 130 April 18, 2023
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prevalent, followed by brook lamprey.ampetraspp), and lessommonly dacgRhinichthys
spp)~ U K NB S 11 & LIGASerosteud adlettfand @ympic mudminnoyNovumbra
y appetmostF X ¥R YA RSOASa NBO2NRSR

hubbs). ¢t KS 2y f &

streams were sculpins

Manyfactorscanlimit the distribution of fishesincludingbarriersto migration,stream gradient,

flow, and channelsize. Understandinghe currentscienceon howthesefactorsinfluence fish

distributionis importantwhendiscussing how they can be used to most accurately define the

upstream limits of fisthabitatin forested streams of Washingt&tate.

Obstaclego Migration

Natural stream habitat breaks that might obstruct or completdlpck upstream fish

movement to gparently suitable habitat include: vertical drops, cascades, bedrock sheets,

and or chutes (Hawkins et al. 199Bigurel).

VERTICAL DROP

STEEP CASCADE

BEDROCK SHEET

Figurel. Threetypes of featuresthat could pose obstacles or barriers to upstream movement of
headwater fishes(PHB Science Panel 2019)

The ability of fishes to pass such obstacles is associatedvétimteractions betweertheir

swimming and leaping abilitie®nvironmental factors such d®w and temperatureand the

dimensions of the obstacle$heswimmingability of fishesis typicallydescribedin terms of

cruisingprolonged,andburst speed, which are measured in units of botiyngths per second
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(Watts 1974; Beamish 1978; Webb 1984; Bell 1991; Hammer 1B68y. form also affects
swimming ability, with more fusiform body shapes being advantageous for stronger burst
speeds in fishes such as cutthroat and rainbow trout (Bissal. €t988; Hawkins and Quinn
1996) in comparison to some other fishesich as sculpifCottusspp), commonly found at
EOF locationCruising speed is the speed a fish can sustain essentially indefinitely without
fatigue or stress, usuallyc2 body lengtls per second. Cruising speed is used during normal
migration or movements through gentle currents or low gradient reaches. Prolonged speed
(also called sustained speed) is the speed a fish can maintain for a period of several minutes to
less than an hourdfore fatiguingtypically 47 body lengths per seconBrolongedswimming
speedisusedwhenafishisconfrontedwith morerobustcurrents or moderate gradients. Burst
speed is the speed a fish can maintain for only a few seconds witatgtie, typically8¢12

body lengthsper second.Fishtypically accelerateto burst speed when necessary to ascend

short, swift, steep sections of streao leap obstaclesandor to avoidpredators.

When leaping obstacles, fish come out of the watebattst velocity and move in a parabolic
trajectory (Powers and Orsborn 1985). Relationships for the height attained in the leap, and

the horizontal distance traversed to the point of maximum height are often used to assess
barriers. Depth at the point of teeoff is important for enabling fish to reach burst velocity.

Stuart (1962) found water depth of at least 1.25 times the height of an obstacle to be required

for successful upstream barrier passage. More recently, however, Kondratieff and Myrick
(2006)re@ NIISR GKI G avylft oNR21 GNRdzi 6a&aAil S NIy3sS
as high as 4.7 times their body length from plunge pools only 0.78 times the obstacle height,

and larger brook trout (size rangesp n mtrAnmamd 200 mm+) could jump waterfalls with

heights3 to 4 times their body length if the plunge pool depth was at least 0.54 times the
obstacleheight.

¢2 adzO0SaaFdZte aAO0OSYyR nodtr o62Re fSyaidkKa Ay |
Orsborn (1985jrajectory equationyieldsa burst speedof 22 body lengthsper second(11.7

feet persecond) forthe m 1 n mmnp 12 R & 1 thi®ok Hdutkreported by Kondratieffand

Myrick (2006). If it is assumedhat other salmonids(e.g.,cutthroat, rainbowtrout or coho

salmon)couldperformaswell as brook trout in the size range typically found at uppermost fish

PHB Study Design Page6 of 130 April 18, 2023
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293 locations in Washington (Sedell et al. 1982; Fransen et al. 1998; Liquori 2000; Latterell et al.

294 2003; Peterson et al. 2013), then a burst spe¢@2 body lengthsper secord (11.7feet per

295 secondwouldallowthe largestishesinthed AT S NI} y3IS GeLAOlIf 2F KSIRS
296 (6.3 in,160 mm) to leap a vertical obstacle 2.6 feet high, whereas a vertical obstacle of 3 feet

297 high would beampassable.

298 Whenleapingisnot required,fishesmayascendsteepcascadesndother K A 3 K 1t dhébita2 O A (i &
299 units (Hawkinget al. 1993)by seekingpocketsof slowwaterinterspersedn areaswith turbulent

300 flow (e.g., boundaryayersnearrocksor logs).For example, Bisson et §1.988) reported the

301 averagewater velocitywas only 24.8 + 3.2 cm/s (0.8 ftig)shallow (0.0 £ 1.4 cm4 inches)

302 cascadehabitat units of smallwesternWashingtorstreams It is possible that fish may ascend

303 streams during periods of elevated flow byoving along the channel margins where water

3 @St20A0AS& I NBE NBRdAzOSR NBf Il GAQGS (2 YARmMAaGNBI
305 or completely submerged.

306 lf K2dz3K &aidzRASE SEIFYAYAY3I FTAEAK YA ImreAzy (K
307 somestudies have examined brook trout movement through steep cascades and reported fish

308 ascending cascades of more than 20% gradient (Moore et al. 1985; Adams et al. 2000; Bjorkelid

309 2005). For example, Adams et al. (2000) reported that adult broak #scended cascades

310 with slopesof 13%that extendedfor more than 67 m, and 22%for more than 14 m aswell as

311 adultbrook trout ascending a waterfall 1.2m high. Similarly, Bjérkelid (2005) reported invasive

312 brook trout colonizing 18 headwater streams in Sweden and found they ascended stream

313 segmentswith slopesof 22%(measured with a clinometg¢and 31%measured withGIS.

314 Gradient

315 In Washington streams, fish (not necessarily the uppermost fish) have been observed in
316 headwater segments with overall slopes as steep as 31% (S. Conroy, formerly Washington Trout
317 [now Wild Fish Conservancy], unpublished data), 35%\{@r,3#oh Indian Tribe, unpublished

318 data; D. Collins, Washingt@epartmentof NaturalResourcesjnpublisheddata),andin reach

319 gradientsof 25%and steeper in Oregon streams (C. Andrus, Oregon Department of Forestry,

320 unpublished dataConnollyand Hall 1999). This range of channel steepness is consistent with

PHB Study Design Page7 of 130 April 18, 2023
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other observations in western North America (elgeathe 1985fausch 1989; Ziller 1992;

Kruse et al. 1997; Watson and Hillman 1997; Dunham et al. 1999; Hastings et al. 2005; Bryant
eta.Hnnn HAANTO YR 9dzNRLIS 01 df Europednpivbris ® Ly
(headwaters)prowntrout (Salmotrutta) predominateandreachgradients may be 10 to 25%

or steeper (Huet 1959; Watson 1993). In Washington, it is important to note that fisempce

in streams steeper than 15% accounted for only 10% of reported occurrences in forested
streamg(Coleet al.2006;J.T.Light,PlumCreekTimber,unpublisheddata). Kondolf et al(1991)
NBLR2NISR GKFG 2F0Sy GKS 6+ GSNJ adzNFI OS af 2LISa
lower local gradients than the overall reach gradient and may range from only 0.4 to 4%, even
where overall reach gradients may be as high as 358tie2). These observationgdicate

that in some casefish habitat in headwater streananextend intothe types ofa 1 SS LI & G S LJr

pool and cascade reaebhdescribed by Morgomery and BuffingtoiL993)

Stream Relief

Distance Downstream

Stream Relief

Distance Downstream

Figure2. Two very different profiles of a headwater reach with the same overall reach gradient.
Illustration (A) demonstrates how roughening elements create local gradients that are lower than the
overall reach gradient, while reaches without such features @)not. (PHB Science Panel 2019)
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Flow and Channel Size

Bankfull width (BFWhas been found toeflectthe stage of discharge at which a stream does

AGa KFEoAOGFdmodzAit RAY 3 62 N]J
BFW is correlated with drainage area aratieswith climate, geologyandtopography of the

basin Castro and Jacke®001). For example, Beechie and Imaki (2014) developed an equation

O ! ySRuNIES hadve shiogyy thal

[ S21

for BFW for Columbia Basin streams based on annual precipitation and catchment (drainage)

area. Althouglthat equation was developed for larger streantise PHB Science Par{gD19)

tested it using empirical BFW data from multiple smaller streams across Washington State and

found that it accurately predicted BFW in headwater streahiewever, Castro and Jackson

(2001)found that while BFW and drainage area relationships worked well inrsavkaimilar

lithology/geology and precipitation regimes to those for which they were developed, they were

less useful in thePacific coastal areas of western Washington whéne geology and

precipitation patterns are highly variable Researchers contimuto work on developing

accurate and usable relationship models for highly variable headwater streams, which may

become useful as more precisaformation and mapping of lithology, topography, and

precipitation becomes available.

Becaus®f the perceivedelationship between channel width and discharB&Ws often used

asa surrogatefor stream discharge (area, depth, and velocity), whichften important for

determiningthe uppermost fish andpstreamextent of fish habitat (Harvey 1993ransen et

al. (1998) estimated mean annual flow rates at the upstream extent of fish distribution for 79

streams in the western Cascade foothills and Willapa Hills in Washington and found that 90%

of these streams had mean annual flows~&5 cfsor lessat the upper boundary of fish

presence; 80% had mean annual flows-Bfcfs or less at the upper boundary; 65% had mean

annual flows of-1 cfsor less at the upper boundary; and approximately 25% of the sites had

mean annual flows of 0.5 cfs or less at tpper boundaryKigure3).
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Figure 3. Estimated mean annual flows at uppermost fish locations in 79 streamshie Cascade
foothills and Wllapa Hillsof western Washingtonffom Fransen et al. 1998

Food Availability

Many studies, particularly in Pacific Northwest streams, have demonstrated strong food
limitationsfor fishinhabiting(usingsmalistreamgWarrenet al. 1964;Mason1976;Naimanand
Sedell 1980; Bisson and Bilby 1998). Headwater segments are often characterized by closed
forest canopies, requiring primary energy sources from allochthonous inputs of coarse
particulate organic matter (CPOM). Shredder organisms octhese reaches and feed on this
CPOM.Theseaquatic organisms,along with any terrestrial invertebratesthat fall into the
stream, comprise the food base for trout and other predators (Vannote et al. 1980; Hawkins
and Sedell 1981; Triska et al. 1982; Wip897). The total production of macroinvertebrate
organisms is substantiallpwer in smallheadwaterstreamreachesthan in the larger,f 2 g S NJt
gradientreaches further downstream (Northcote and Hartmann 1988; Haggerty et al. 2004).
As a result, residentdhesin smallheadwaterstreamreachegend to be smallbodied,which

limitstheir abilityto negotiate obstacles to upstream movement amegration.
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Fish Habitat Assessment Method (FHAM)

2 0SNJ GeLAy3a adzNPSe2NB KIF @S dzaSR LINPFSAaaA2YIf
LINR L2 & A y 3

08 FTA&AKE BKSY

NEB 3 ¢EN) vineNfpe bfedk&d. K 0 S| |

Stream segments that are accessible to fish and exhibit the same chasticcasthose of

FAAKTO S NAyY 3

NBI OKS&a |

NB

GeLIAOIfft& FaadzySR

at the time of a surveysurveyorfaveassessetarriersandmeasurablehangesn streamsize

and/or gradient toestimatethe EOFhabitat (Cupp2002;Coleet al. 2006).Althoughresearchs

somewhatlimited, the upstream extent of fish distribution in forest lands appears to be

strongly influenced by stream size, channel gradient, and accesstéblehabitat (Fransen et

al. 2006;PHB Science Panel 2018). In response to these findings, the &oardcedthe

concept ofa Fish Habitat Assessmentethodologydeveloped by a diverse group of AMP

technical stakeholdernsitended to be repeatable, implementable, and enforcea®l&A Forest
Practices Boar@018; WA DNR 2019The FHAM will utilize PHBs thatflect ameasurable

change in thephysicalstreamcharacteristicat or upstream froma detected fistpoint, above

which a protocol electrofishing survey would be undertak€igre4). The first PHB located

at or upstream from thauppermostdetected fish wouldserve as the end of fish habitéE/N

Break)when no fish are detected above th#$1B
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A = Potential Habitat Break (PHB)

X3 = F/N Regulatory Break (

(= Electrofishing Survey

Known EOF PHB

Figure4. Example of how the PHB criteria and Fish Habitat Assessment Methodology (FHAM) will be
applied in the field. The first step is to identify theppermost detected fisHocation. Once the point

is identified, the survey team woultbegin to measure bankfull width, gradient, and barrier (obstacle)
criteria while moving upstream. Once a point in the stream meeting one of the PHB criterion
(gradient, barrier, change in channel width) is identified, the survey team would apply a figheu
(e.g., electrofishing) upstream of the PHB to determine if fish are present upstream. If sampling yields
no fish ¥ mile upstream, then the F/N break would occur at the location where the survey
commenced (see arrow in the figure). If fish are encouregd above any PHB, the process of
measuring and moving upstream would repeat until fish are not encounterédHB Science Panel
2019)

Per FHAMPHBS are based on stream size, gradient, and accisishabitat The PHB Science
Panel reviewed the avaltée scienceanddataon PHBsand providedrecommendationgo the
Boardfor specificPHB criteria for eastern and western Washington (PHB Science Panel 2018).
The Panetonsidered a variety of potential PHHBteria, including the physicalttributes of a
stream channel, water quality and quantity parameters, and other factors that might
contribute to measurablehabitat breaks.Theseattributes were evaluatedfor the ability to
simply,objectively accurately and regatably meaure them in the fieldas well as the amount

and relevance of existing scientific literature pertaining to eathePanelconcluded that it

was possible to identify PHBs baseuh stream size, channel gradient, andtural non-
deformable obstaclesThese three attributes satisfied thabjectives of simplicity, objectivity,
accuracy, ease of measurement, and repeatability that can be consistently identified in the field
and can beincorporated into a practical survey protocdlhe Board then selected three
combinations ofstakeholderproposedPHBcriteria for these attributesat their 14 February
2018 meetingWA FPB 201&nd instructed the PHB Science Panel to develop a field study to
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evaluate the performance dfhese proposals(Tablel). It was important to the Board to
determine whichof the proposedcriteria most reliably identify PHBs in eastern and western
Washington. The Board also instructed the Science Panel tifysgampling by ecoregion and
to examine crew variability in identifying PHB=sspecially evaluating aspects of field
measurement practicality and repeatabiliWA FPB August 2017his study is designed to
evaluatewhich Boardidentified PHB criteria ost accurately identify the upstream extent of
fish habitat ando determinewhether an alternative set or combination of empirically derived

criteria more accurately achieves this goal (CMER 2020).

Tablel. Three combinations of arrier (obstacle) gradient, and width PHBs selected for evaluation
by the Washington Forest Practices Boaddring their February 2018 meeting Descriptions are
abbreviated for readability from WAForest Practices Board 2018riteria may be revisedy the
Forest Practices Boatdefore project is implemented.

Type/ Description ofCriteria

Criteria Set 1
Width H TG .C2 (KNBaAaK2fR o0dzLJAGNBIY . C2

Gradient DNI RASYy i AYyONBIFasS 2F xmmE:

Vertical hoaidl Ot S KSA3IKG xoTFi
Obstacle
NonVert hoadl Of S IANI RASYd xum:>X !' b5 St SgI
Obstacle

Criteria Set 2
Width H FG . C2 GKNBakK2fR 06dz2JaiNBIyY . C?2
Gradient DN} RASYy G AYyONBFasS 27F xps
Vertical hodadl Of S KSAIKG xoFd ! b5 x ME dzLJ
Obstacle
NonVert hoadl Of S IANI RASYd xom:>X !' b5 St Sl
Obstacle

Criteria Set 3
Width 20% BFW decrease @Wp2 R2 gy aidNBIFY . C2 NI (A

Gradient DN} RASYy i AYyONBIF AaAS 27F xp»

Vertical hoaidl Of S KSAIKG xoTFi

Obstacle

NonVert hoadl Of S ANI RASYdG xum:>X ! b5 St SOl
Obstacle
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Methods

Survey Design

SamplingFrame and Study Sites

Current F/N break points on the DNR Forest Practices water typeviigerve as the samiplg
frame for this study.The targetpopulation is defined as the set of &lIN break points on
streams onForests and Fisli{FFR)ands in Washington. A samplingaime that matches the
target population as closely as possible is needed for unbiased inferéisbénonfish stream
type break points extracted from the current DNR water typESmap layer (DNRForest
Practices hydro, watercourses 60 a g OKE RNER Htfps:/data-
wadnr.opendata.arcgis.com/datasets/wadnr::dnydrographywatercoursesorest-
practicesregulation/about) representan accessible sourcaef possible study sites. Some of
these points are based on field surveys that weoacurred (surveypased)throughthe WTM
review process while others are modeled points obtained from a logistic regression model that
predicts F/N points based on basin area, upstream and downstream gradidtation,and
precipitation(Conrad et al. 2003; Duke, 2005The hybrid appoachusing both modeled and
concurred F/N break points as the sampling frameorporatesexistinginformation while

allowing a broad scope of inference.

The study design will incorporate spatially balanced sampliAgspatially balanced sample
provides asample that is geographically diverse, which generally means outcomes exhibit less
spatial correlation across unit®lsen et al. 2015)When outcomes are less correlated,
outcomes are more spatially independent of one another, thus increasifegtive sample
sizes. Several types of spatiddgiancedsamplingexist, including twedimensional systematic

(or grid) samples, balanced acceptance sampling (BAS; Robertson et alH20t33) jterative
partitioning (HIP; Robertson et al. 2018)d generalized random tessellation stratification
(GRTSStevens and Olsen 2003, 20(gcause the R package used to draw BAS &&itples

is currently not maintained on the CRAN server for R packdge&SRTS packageaintained

by the EPAspsurveyDumelk et al. 2022)will be used to draw the spatiallyalanced sample
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to ensue best practices for security protocols and package functionbiftysing a currently

maintained R package

The spatially balanced sample &¥N points will bestratified byregion (easternor western
Washingtonj. The western region of Washington consists of about-tiiel of the stat€@ & | NB |
but hastwice the stream densityGiven the differences istreamdistribution across the state
and the different sources of frame errar each regiongastwest stratification will be applied

to ensure that spatial balance is maintained within each region.

Previousiterations of thisstudy designincorporaied ecoregion as a stratification variable.
Ecoregions reflect broad ecological patterns occurring on the landscape. In general, each
ecoregion has a distinctive composition and pattern of plant and animal species distribution.
Abiotic factors, such as climate, landform, soil, and hydrology are riao in the

development of ecosystems and thus help define ecoregions. The Washington State Natural

Heritage Program modified ecoregions defined by the US EPA into Level Ill ecoregions specific

to Washington, each of which is described at
http://www.land scope.org/washington/natural_geography/ecoregioffsgure5). While it is
possible that there is something about ecoregions, particularly precipitation patterns, that
might cause differences in the barriers to fish movement, ther@istrong reason to restrain

the analysis of results to that factor at the expense of our ability to investigate other, potentially
more important factors. We agree that there are likely to be differences among ecoregions in
where the fish and barriers tmovement occur on the landscape but identifying those spatial

patterns of occurrence is not the purpose of the PHB study.

2We considered other finer scale stratification (e.g., geology, channel type, elevaltay, confinement), but

these were not logistically feasible and would greatly increase the sample size, cost and time needed to complete
the study. The Washington Forest Practices Board also instructed the PHB Science Panel to develop a study plan
that gecifically included stratification by ecoregion.
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- East-West Divide

[] DNR L3 ecoregion outlines
FFR Lands 2003

Figureb5. Washington Natural Heritage Program Level Il ecoregiwith Lands subject tdhe Forests
and Fish (FFRprest practices rules designated in purpléNote the general absence of FFR lands in
the Columbia Plateau ecoregionFFR lands mapped as of Z00Ecoregion data downloaded from
https://data -wadnr.opendata.arcgis.com/datasets/wadnr::ecoregions-the-pacific

northwest/explore?location=46.585091%2C18.050200%2C6.08 2022.

In this design, wedo not propose the use o& priori stratification by ecoregionA priori

gtratification would beadvisabldor thisstudy to model PHBsy ecoregionto attain a desired

level of precision for each ecoregiofor administrative convenienceyr to apply different

surveymethodologiesby ecoregionCochran 1977)However, mne of theseconsiderations

apply in this sampling desigiWe expect sampling efforbtbe allocated proportionally to the

relative areaof ecoregions due to the implicit probabilifyroportionatto-size sampling

obtained from spatially balanced sampling. However, smaller ecoregions, such as the Blue

Mountains ecoregion, may receive fewenspling points due tats smallerareaand remote

location.a L af I yR& ¢
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(Don Stevens, personal communicationi which case a priori stratification ight be
necessaryWhen the samling frame is availablehe allocation of sitesvill be examined for

test sample draws to determineaflequate sample sizes within each ecoregion are obtainable.

Sampling effort will be apportioned among mapped terminal or lateral F/N break point types
(Figure6) with post-hoc stratification. This approach is useful when the point types are not
known for each site before the survey, so no sampling frame is awitabidentify each
subpopulation fora prioristratification. Survey crews will record the point type at the time of
the survey and, when the desired sample size for a point type is satisfied, survey data from this
point type will not be collected at subgaent points of this type. Because the point type is not
known a priori so cannot be included as a survey design variable for stratification, employing
this technique will require adherence to the spatially balanced ordered list of sites to ensure
that the obtained sample of sites within each point type is also spatially balanced. The point
type should be recorded for each site so that inclusion probabilities for each site may be
calculated prior to analysis for any desigased summaries such as means &tdls (Larsen

et al. 2008, section 2.4). This apportionment will only occur during the initial site surveys. If a
site changes from lateral to a terminal over the course of the study, we will not add any study

sites to accommodate that change.

Basedon an analysis ofobservedvariability in channel gradient and widtlupstream of
uppermost detected fish points from previous CMER studies arekisting water type
modification forms (Appendix B we propose to determine the location ofippermost
detectable fish atl60 sites in forested watersheds easternWashingtonand 190 sites in
forested watersheds in western Washingtohihitat characteristics (gradienthannelwidth,
obstacle$ will be measuredisinga longtudinal stream channeprofile survey660 ft (200m)
aboveand 660 ftbelowthe uppermostdetected fish. Theuppermostdetectedfish locations
will be determined during eachasnpling eventia electrofishing survey3hecorresponding
habitat surveyssurrounding the locatedppermost fistpoint are expected tgrovide the data

necessary to evaluate differences among Hit&ria acrosghe state and witin the eastern

3 The recommended sample size includes sites in addition to the minimum number calculated to meet the
specified statistical requirements. This allows for site attrition over life of the project.
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and western Washingtonegions Data collected with consistent methods and cremsgght

have lower variability than the data we used to estimate sample size.

We will sample a small subset of sites across east/west regions concurrent witkitéhe
selection year/process (during 'Ye@l) in order to field test our methodwithout causing a

delay to project implementation.

5 &
No Fish No Fish

1 )
' No Fish

No Fish

€ Fish »

“Lateral” “Terminal”

Figure 6. Schematic diagram of lateral versus terminal upstream limits of fisbcurrence within
streams. The black bar(s) indicate the location of the uppermost fish (Fransen et al. 2006)

Site Identification

The DNR Hydro Watercourdegdrographydata layer containstream channelocationsacross
the state. Stream lines are kepas segments with propertiesf each segment stored as
attributes. Segments are divided gitersections with other stream segments and any place
where their recorded properties change (e-dish use/nonfish use). The points at whiclthis
classificatio changes from fiskiType Fjo non-fish (Type Nwill be extracted from this hydro
layer. The properties of thésh use segment below the brealll be retained with those data

points and stored in the new point layer. The attributes (properties) adregt for this tudy

PHB Study Design Pagel8of 130 April 18, 2023



Washington State Forest Practices Cooperative Monitoring, Evaluation, and Research (CdER)ittee

Potential Habitat Breaks Study Plan

547 include thecriteria forfish use determination, such as whether it was graent modeled as
548 likely fish habitat a concurredpoint from a water type modification form, or &egacy
549 determination Another attribute is whether that detenination was based on biological
550 information (fish observation or eleashocking findings) or ophysicalhabitat assessment.
551 Such information will be important for locating the optimum survey starting location but will

552 not be used for theurposes of selecting sample streams.

553 The F/N break points are intersected with the East/West Washington polygassign them

554 an East/West attribute Points will also be intersected with the DNR Ecoregions polygon layer
555 to assign them an Ecoregion alttute. However, that attribute will be used as a covariate in
556 posthoc analyses rather than as a stratification variabldess test sampling indicates
557 otherwise The point layer will be subjected to tHeRTS$patial randomization procedure
558 which will asign a sequence number to each poiiihe points to be inspected for this study
559 will be selected from each side of the state in the sequencegasdi As points are discarded
560 according to ourrejection criteria pelow), the next sequential poinill be added to the

561 samplepopulation In this way, spatial balance and random validity should be maintained.

562 In practice, batches of points will be selected and assessed for suitability, access permission,
563 and fieldcrew accessibilityo facilitate the sampleetdelineationprior to field surveys These

564 batches will ensure that more points (streams) are ready to be sampled (and even perhaps
565 initially sampled) than are actually needed in case selected points are rejected durifigthe

566 studyseason GRTS sample locationdl be obtained fromthe sample drawn a GRTS design

567 file. Surveys that maintainthe order of sites in the GRTS design file are spatially balanced
568 relative to the sampling frame from which the sample was drawn. Any sequential subset of
569 sites in the GRTS ordering is a spatiladllance subset of sites. Note that spatial balance does
570 not require that sites areisitedin the order of the design file, but the sequential list of sites
571 should be fully enumerated by the end of the survey season with no skipped sites. This allows
572 field crews to visit the sites in an efficient manner while maintaining overall spatial balance of
573 the sample within any given yedfor each siten the GRTS design file that is considered for
574 surveys notes on any frame error eeasons fononresponsewvill be recorded so that inclusion

575 probabilities for each site can be accurately calculated.
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The F/N break point will identify the stream to be sampled, not necessarily the samplagstart
point. The starting points will bthe uppermostknown fish locatiorfor that streambased on

any available information that can be obtained about that stredrhe GIS layer contains some
information, such as the typing basi©ther information may be obtained from landowners
tribal entities that monitor that stream ag and other local expertsin the case ofributary
streams that have no reliable fish observatiotise electrofishingsurvey will start atthe
confluence of the subject stream with the known fisearingmainstem stream The initial
survey will determine lateral versus terminal status of the selected tributary for site allocation

purposes during site selection.

Site Rejection Criteria
Some potatial study sites will be excluded from the sample population due to unforeseen
circumstances. During the site selection and field validation task, study sites may be dropped
as follows:

1 Stes where theuppermostdetectedfishis associateavith a manmade barrier,

1 Streams showing evidence of recdptg.,within five year$ debris flows through the

subject stream

i Sites where we cannot obtain landowner permisdionthe full survey length

1 Sites thatare notsafdy accestle by field crews

1 Otherreasons determined by project team
In every case that a site is excluded from the sample, the reasons will be thoroughly
documented Site rejectiordecisionswill be approved by project managers aak not the

soleresponsibility of field crews.

Temporal Revisit Design

Field surveys(electrofishing and habitatdata collection will be conducted during the
spring/early summer and the late fall/early wintsampling periodssgasony These two
sampleperiods were cheen because they represent the most likely time periods for fish to be
found at theiruppermostpoint in the stream network, and therefore should be adequate to

evaluate seasonal differences in the upper extent of fish use. While summer sampling may be
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bereficial to compare seasons, due to the low flows typical of sumimer unlikely that fish

would move higher into the system that seasor{Cole and Lemk&006)

All sites will besrveyed every year during spring/early summer (current protocol electrofishing
survey window of March 1 to July 15) for three years to examine -em@ual changes in
uppermost detected fish locations To evaluate seas@h changes in the location of the
uppermast detectedfish, the sites that can beafelyaccessed in the fall/winter season valso

be visited with an augmented serialglternatingpaneldesign One quarter of the sites wible
assigned tdhe fixed panel and will be surveyed every fall/wintand the remaindenf sites

will be allocated to three alternating panel®neof three alternating panelsvill be surveyed
each yearwith the sample augmented kiye fixedpanelto connect the sample across years
and seasonsThe fixed panel will consistf the full count of sites fronTable2, while the
alternating panelcounts will vary depending on site accessibilitiie survey timing within both
sampling periods will be determined through consultation with regional experts to optimize
the timing based on local hydrologish life history and potential for site accessndresurvey

timing will be consisten{within two weeks 6the originalsurvey date)across years.

Table2. Overall sampling scheduland number of samg@ sitesby calendar year and season 2024 to
2026. All sites will be sampled in spring to early summer (March 1 to July 15) with the seasonal fixed
and alternating panel being resampled in fall to early winter high flow period (datesteemined
through consultation with regional experts). A pilot study sampling 15 sites in eastern and 12 sites in
western Washington was completed in September of 20Rni € al. 2018§.

Samoling Event Pilot year Year 1 Year 2 Year 3
Piing (2018) (2024) (2025) (2026)

Spring to early summer

160 eastern
Washington

190 western

160 eastern
Washington

190 western

160 eastern
Washington

190 western

Washington = Washington = Washington
Late Fall/Winter Fixed Panel 27 to test 40 E WA 40 E WA 40 E WA
Sampled All Years (same sites) = methods 48 W WA 48 W WA 48 W WA
Late FaII/W|nterAIterqat|n_g 40 E WA 40 E WA 40 E WA
panel, Sampled Only in Single 48 W WA 47 W WA 47 W WA
Season
Reporting rPellg);r?tudy Annual report Annual Report FinalReport
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Data ®llection

Protocol Electrofishing and Habitat Surveys

Hectrofishingandhabitatsurveywill providearobustdatasetto inform the PHB and associated
analysesHectrofishing surveys will be conducted to determine the location ofuthpermost
fish at each survey eventQurveys atall study sites over three yearswill maximize the
probability of locating the ugtreamextent of fish habitaby incorporating both temporal and
spatial variabilityin fish movement due to physicdke.g., stream floyw and biological

(population dynamicsfactors.

An intensive longitudinal thalweg and water surface profile survey (Roni @0aB)will be
conductedup- and downstream othe uppermost fishpoints following the electrofishing
surveys.The channel survey data will be used to partition the study reach into vasliaigh

stream segments that are scaled to lengths of homogend&ai#tat attributeswithin the long
channel profile. The length of segments will be based on changes in gradient and channel width
that are associated with inflection points and/or changes in habitat features (e.g., vertical and
non-vertical obstacle). \&cal and neaivertical obstacles will be captured as individual

segments, as such features will have some segment length associated with them.

Prior to sampling a site¢he project teamwill review existing information fronany available
sourceson acces, previous location afippermostdetectedfish and habitat data, and obtain
landowner permission for access and samplimg.determining theupstreamextent of fish
distribution, multiple upstream segments may be available for surW®en this situation
occurs the selected surveyed segment will be the mainstem channel, defined as the stream
segment with the largest contributing basin area upstream from a tributary junction (should
have largest bankfull width, most flow, etc.). Where basin area upstrfam a junction
appears approximately equakly on additional orsite metrics such asamkfull widthand/or

flow to determine upstream direction of survey Sream segments not included in the
hydrolayer may be encountered when moving upstream. Theseastrsegments will be

included in the surveprocess in accordance with the above criteria.
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652 Field crews will use modified DNR protocol electrofishing sumwéirsthe intensity consistent

653 with methods being developed féiHAMo determineuppermostdetectedfish(Figure7a) and

654 surveys will only be conducted when sampling conditions are suitable (avoiding periods of
655 extreme high/low flow or temperatureglevated turbidity, etc.)Water temperature(to the

656 nearest 0.1 °C) conductivity (microsiemeny and electrofishing setting (e.g., voltage,
657 frequency, pulse width) will be recorded at the beginning of each electrofishing surkiey.

658 GP<&oordinatesof eachuppermostdetectedfish locationwill be recorded, and the location

659 will be flagged and monumented with a marker including the survey date on an adjacent tree.
660 The fish speceand approximatesizes will be recordedBectrofishing survey will continue

661 from the uppermostdetectedfish point upstream toat leastthe end of default physical fish

662 criteria(end DPC point)In the event theuppermostdetectedfishis found at the end oDPC

663 electrofishing will continu€&60 feet(upstream)to alignwith the extent of thedetailed habitat

664 surveysWe will also record electrofishing survey time (shock secotrdajldition, oarse scale

665 habitat data will be collected on the full exteof the stream sampled durinthe e-fishing

666 survey These data willinclude channel gradient, bankfull width, wetted width and

667 confinement within unequal length segments of relatively uniform habitat character.

668 An intensivelongitudinal thalwegand water surfacerofile survey(Roni et al. 2018)vill be
669 used toasseskey habitat attributes {.e., gradient, bankfull and wetted widthyater depth,
670 substrate size composition and height of channektepg below andabovethe uppermost
671 detectedfish (Figure7b). A previous study of variability on the upper limits of fish distribution
672 in headwater streams suggested that over 90% of the interannual variation inpjhermost
673 detected fish location acurred within 200 m (Cole et al. 2006Jherefore, we will use a
674 distance 0f660 feet(200 n) below and 660 feetabovethe uppermostdetectedfish as our
675 intensive habitat survey reach. The crew will measure660 feet (horizontal distance)
676 downstream fronthe uppermostdetectedfish point to determine the beginning point fdhe

677 intensivestream habitat survey.

678 Theintensive habitat surveyinvolves surveying the streambed elevation along the deepest
679 portion of the stream (the thalweg) vyieldinga G ¢ 2 m R A Y Sofigitudida) prdfile of

680 streambed elevations Thishas been shown to be a reliable and consistent method for
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measuring change istream morphology and fish habitat independent of flow (Mossop and
Bradford 2006). We will also be recording water surface heights because surface levels are
what are important to fish with regard to obstacle heigtBsirveymeasurementsvill be taken
eveay ten feet, andat any significantinflection points in topographgr planformto be sure we
captureall changes in thalweg topography and gradient. A laser range finder mounted on a
monopod and a target on a second monopod will be used to caollesthnce and elevation
data. All data will be entered into a computer tablet in the field. Measuremearid
observationsat each point will includdorizontaldistance andslope between survey points,
water depths, wetted widths, bankfull widthdominantsubstrate (e.g, sand, gravel, cobblg)
large wood,habitat featuretype (e.g, pool, riffle, cascade)and general characterization of
flow and water conditionsWater surface elevation will be calculateffer the surveyfrom the

bed elevation plus the pasured watedepth. Forsteps and potential migration barriers, the
crew will record whether the step is formed by wood, bedrock, or another substrate. The
LINSASYyOS 2F $22R A& LI NI A Odz | NI anhd obstacisneli | y
considerel deformable andtherefore are not PHBs. Crews will also note whether flow is
continuous or intermittent, the presence of beaver dams, groundwater inputs, and any other
unusual featureqe.g., tunneled or sulsurface flow)that could influence fish distribution.
Becausesites will generallybe in small constrainedstreams thatare unlikely to change
significantlythroughout the samplingyear, it is likely that the habitat survey data for each
stream will only need to be collected oneach yeaxvith the spring samplingffort. The survey

will be repeatedannuallyto ensurewe have a complete surve§60 feetabove and660 feet
below theuppermostdetectedfishfound during each sampling evertigure7c). During each
survey, ixedelevationbenchmarkswill be placed athe bottom, middle (uppermost fish point)
andtop of the intensive habitat surveseachto facilitate the coherence of regat surveys.A
similar protocol based on Mossop and Bradford (2006) has been used to banviey removal

projects on small streams throughout ti@lumbiaRiverBasin(Clark et al. 2019, 2020)

Evaluations of various regional stream habitat surveytqmols have demonstrated that with
g St t mdiedlcrewsSnieasurement error is small relatieenaturally occurring variability

amongstsites(Kershneet al. 2002;Roperet al. 2002;Whitacreet al. 2007, Archer et al. 2004
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Therefore all crewswill participate in a three to ¥ A @ StraiRihg&ourse each year prior

to initiation of springsamplingo ensureconsistencyamongcrewsin determininguppermost

detected fish locations surveyinghabitat characteristicsd f 2 y 3 m LINR F Acoll&ton. > | Yy R

Training should incorporate identifying potential sources of variation in measurement that can result
from dense vegetation, identification of features, and clarity of protocols (Roper et al. 2010).
addition, mid-season checkn/corrections will be conducted with each crew to prevent
sampling drift this process will be outlined in th@uality Assurance Plan)oreover, to
guantify variability among crews in conducting longitudinal surveys, we propose that 10% of all
sites sampled each sprispould be resampleduring the same year and seadoynother crews
every year. Sinceariationin stream flow during subsequentsurveysshould not affect the
longitudinalbedprofile, wS R2y Qi SELISOG Ff2¢6 OKIy3Sa G2

among crews in these resurvey
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(A.) Electrofishing Survey
f-"—‘-( 4 EndofDPC}-'-'—'—'———'\

T —
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I e, O

New EOF
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f B.) Longitudinal Profile Survey

660 ft upstream .-l—/-
660 ft downstream

w‘,ﬂ@\ﬂﬂmﬂ profile Extent

\ New EOF
(C.) Appended Longitudinal Profile Survey

660 ft upstream

(660+x) ft downstream

x ft of New

Survey
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- New EOF
Previous EOF (Winter)

L (Spring)

Figure7. Components of field surveys demonstratin (A) the extent of theprotocol electrofishing
survey to determineuppermost detectedfish (EOF)point, (B) the range of theinitial longitudinal
profile habitat surveyassociated with the initial EOF poireind (C) anexample of howthe longitudinal
profile survey would be appended ifollow up protocol electrofishing surveys identify a new EOF
point (adapted from PHB Science Panel 201

Reach and BasirScaleExplanatory Variable®erivedfrom Office and Remote Sources

We will also collect data on several other factors that are thought to play a relppermost
detectedfish pointandidentificationof PHBgrom sources other thafield data Thesanclude:
elevation, aspect,drainagearea, distancefrom-divide?, valley width, annual precipitation,

channel typé&, riparian stand conditichwhetheruppermostdetectedfishl Yy R t | . A &

4 Palmquist (2005) foundistancefrom-divideto be less variable and more reliably calculated than basin area
> Montgomery & Buffington, 1993
8 Watershed Analysis categories, WA DNR 1997
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channelpoint (mainstemor terminal) or confluence(tributary or lateral tributary), dominant
drainage area geoldg competence categgf, stream order,and whether a stream is
accessible to anadromous fish or only resident fish. Many of these variables will be derived
from existing GIS data layers. Drainage amigtancefrom-divide, and valley width are
important because theycombined with annual pragitation, are related toflow andstream

size The local geology around the stream determines whether stream substrate tends to
consist of hard, resistant, largearticlesor friable, finegrained substratesvhich have been

shown to influence fish digtvution (Gresswell et aR006; Torgersen et aR008).

Data Preparation

Physical attribute and fish presence data will be organized by site and vagalgka segment

as laid out iPAppendix F To prepare data for analysis, tls&ream profile will be divided into
variablelength homogeneous segments, and each segment will be populated with a suite of
segmentscale physical attributes and fish presence or absence. Vatingh segments will

also be populated with associateddascale attributes that will be derived from GIS. Other
basinscale characteristics will be included for each sitdeasures such as gradient and
channel width can be used to form threshold varialdesl cumulative metricge.g., gradient

and width expressedver multiple segmenjghat can be assessed as predictor$6fBsData

setswill be developed for each sampling evéotassess changes in distribution over time.

Data Analyses

Data Exploration, Summary Statistics, andtial Tests

After data preparation is complete, initial data exploration will include graphical examination
of habitat metrics for segments within a site asegment means of physical characteristics for
each site(Figure8). Distributions of physical attributes for variadength segments at a site
can be compared for segments with and without fish by and across sité& length of
segments will be based on changeasgradient and channel width that are associated with

inflection points and/oispecifichabitat features (e.g., verticffialls]and nonvertical obstacle

7 Competent/Incompetent, per Mcintyre et al. 2009
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760 [steep cascad®). Criteria for classifyingariablelength segments andbstacles will be derived
761 during posthoc data analysisising linear regression methods similar to those described by
762 Tompalski et al. (2017) All statistical analysigescribed here presume the use tife R

763 statistical programming language (R Core Team 2021).

764

765 Figure8. Schematic of channel longrofile survey showing variabléength segmentgi.e., distance
766 between inflection points)and associated ertical and ron-vertical obstaces

767

768 ExaminingUppermostDetectedFish Locations
769 Researclguestions related tauppermost detected fisocationswill address interannual

770 (Research Question #19easoal (Research Question #2nd spatia(Research Question #3
771 dynamic. Forsites in the fixed andlternating panels that are revisited oveme, physical
772 attributes at each site may be summarizedy®arand by season (spring or fall/winter)

773 Stream profile plotgFigure 7will be developed to companeppermostdetectedfish points

774 across seas@and yeas.

775 To examine spatial patternghydcal attributes at each sitwill be summarizedby region (east

776 or west),ecoregion or other spatial classificationgnd maps of attributesvill be developed to
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