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Introduction

This reportpresents an updatebnh e i@ mpl ement ati on of Bonnevil | €
(BPA) Integrated Status and Effectiveness Monitoring Program (ISEMP; BPA Projee02?303

00) and the Columbia Habitat Monitoring Program (CHaMP; BPA Project-206:D0) during

2016 The work condue&d under ISEMP and CHaMf®verskey populations withithe Upper

Columbia River SpringRun Chinook ESU and steelhead DBt Snake River Spring/Summer

Run Chinook ESlnd seelhead DPS, arttie Middle Columbia River Steelhead DPS.

Background

BPA is workng withU.S. National Oceanic and Atmospheric Administration Fisheries (NOAA
Fisheries)and other regional fish management agencies to monitor status and trends of fish
habitat for each major population group (MPG) in the Pacific Northwest identifiedgthtba
Endangered Species Act (ESA) in support of habitat restoration, rehabilitation and conservation
action performance assessments and adaptive management requirements of the 2008 Federal
Columbia River Power System Biological Opinion (FCRPS BiOp). BRrated ISEMRNnd
CHaMPas part of this effort

Since its inception in FY2008SEMP has developdtwo monitoring and evaluation programs:

(1) subbasirscale status and trend monitoring efforts for anadromous salmonids and their

habitat, and?) effectiveress monitoring for suites of habitat restoration projects in selected
watersheds. This woiik critical for the development of a federal research, monitoring, and
evaluation program for the Columbia River Basin, which is now a requirement under the-NOAA
Fsheries 2000, 2004 and 2008 Bi Ops. Il n 2008,
Program to help ensure that provisions of the BiOp are satisfied.

CHaMP was first proposed in 2010 for implementation in 26 ColuiRiver Basin watersheds.
Watersheds origally considered for CHaMP were prioritized doeseveral conditions,

including (L) gaps in habitat monitoring for ESted steelhead and/or Chinook populations;

(2) offering maximum contrast in current habitat conditigByprovided reasonable

opporunities for future restoration actions or monitoring current implementation aetivétnd

(4) provided feasible opportunities for piloting the CHaMP protocol. The initial watersheds of
interest included Wind River, Toppenish, Klickitat, Fifteen Mile, John Day (Lower Mainstem,
North Fork, Upper Mainstem/South Fork, and Middle Fork John Day), Um&irande Ronde
(Upper and Lower and Catherine Creek), Imnaha, Lolo, Lochsa, Tucannon, Asotin, South Fork
Salmon, Big Creek, Lemhi, Pahsimeroi, Wenatchee, Entiat, Methow, and OkaHogasver,

as a result of scientific and policy level reviews of thegram by the Independent Science

Review Panel (ISRP), Northwest Power and Conservation Council (NPCC), Bonneville Power
Administration (BPA) and other§HaMPwas implemented in 2011 as a pilot project in eight
ColumbiaRiver Basin watersheddMethow, Entat, Wenatchee, John Day, South Fork Salmon,
Tucannon, Upper Grande Ronde and the Lendther agencies are also implementing CHaMP
under different funding structures, including Oregon Department of Fish and Wildlife, California
Department of Fish and GanConfederated Tribes of the Umatilla Indian Reservatmahthe
Columbia River InteiTribal Fish Commission.
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Monitoring programs for salmonids and their habitat provide needed data to develop watershed
assessments to inform managsinstrategies. Other data from GIS and remote sensing can be
also be used to complement these monitoring efforts to produce spatially explicit and continuous
habitat information across the watershed (Wheaton et al. 2017). Useful watershed assessments
quariify the longterm biological benefit stream habitat quality and quantity (HQQ) have on fish
population processes (e.g., capacity, growth potential, survival). Current and potential or historic
habitat condition bound the range of feasible habitat rekatinih scenarios. The impacts these
scenarios have on fish population processes and the resultintgtomgffects on the population
trajectory can be assessed through various quantitative frameworks (McHugh et al. 2017).
Biological relevance should betdemined by scienebased fiskhabitat relationships with a
documented and understandable origin and specific to speciegalife and season. The overall

or relative importance of any ecological impairments identified in this process should be
assessethrough impacts to lonterm (i.e., at least 50 years) population persistence (e.g., Pge,
VSP, PVA).

This is thetype of watershed assessmtrat ISEMP and CHaMP was charged with developing

to evaluate the potential effects of tributary habitat rehabdih scenarios at the population

scale, anavith thisgoalwe have developed sevetathnical elements required for this approach
(Table 1). These components are the tools by which watershed condition is assessed relative to
its physical and biologicalgtential, by which a suite of rehabilitation actions are evaluated as
appropriate and their magnitude of habitat change estimated, and finally, by whickheriong
populationlevel effect of an implementation strategy is projected (Tablm 1his repot we

provide a summary of (1) field data, both status and trend and effectiveness monitoring collected
through 2016 under ISEMP and CHaMP; it effectiveness dfabitat restoration actions in

three Intensively Monitored Watersheds (IMWsAashington]Jdaho and Oregon; and (3) a

review of tools and products built off the data collected undeethenitoring efforts that are
designed to support useful regional @rahed assessmemdtachmentA providesa compilation

of quick facts to provide the readsith an overview of the scope wfonitoring,tools and

products developed by ISEMP and CHaMP.
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Tablel. Summary of components and todesveloped by ISEMP and CHaMPat make up a useful watershed assessapgrbach.

VBET = Valley Bottom Extraction Tool; GNAT £eomorphic Network and Analysis Toolhd@UT= Geomorphic Unit Tool;

RCAT = Riparian Condition Assessment TpBIVD = Riparian Vegetation DepartyrBRAT = Beaver Restoration Assessment Tool;
WRAT = Wood RecruitmenAssessment Tool; NRE = Net Rate of Energy Intake; QRF = Quantile Regression Forest; HSI = Habitat
Suitability Model; FIS = Fuzzy Inference System; DEM = Digital Elevation Model; GPP = Gross Primary Production; BDA = Beaver

Dam Analogs; PALS = PogtssistedLog StructuresLCM = Life Cycle Model

Goal

Component

Physical Processeg

Technical Element]

Describe the geomorphic context of each watershed
support the development of fidtabitat relationships
and rehabilitation potential in a spatially explicit
manner at the appropriate spatial and temporal grair
(e.g., reach by season for fisabitat relationships and
habitat unit by season for rehabilitation actions).

Describe physical processes at multiple scales (reag
watershed) captured in a quantitatidescription of
past and present HQQ.

Planform and VBET, GNAT,

longitudinal GUT, Geomorphic

complexity Assessment
Toolbar

Sinuosity GNAT,
Geomorphic
Assessment
Toolbar

Confinement and | VBET,

valley bottom or
floodplain extent

Confinement Tool

Stream power

GNAT,
Geomorphic
Assessment
Toolbar

Substrate
composition

CHaMP samples
and regional
extrapolation

Flow and water
temperature

Hydraulic models,
MODIS
temperature
models

10
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Goal Component Physical Processeg Technical Element
Reach type and Geomorphic
condition variant | Assessment

Toolbar

Describe the biological setting of each watershed to| Biological processes at reach to watershed scale Gross Primary MODIS

support the development of fidgtabitat relationships | captured in quantitative description of past and pres| Productivity temperature

and rehabilitation potential in a spatially explicit HQQ models,

manner at the appropriate spatial and temporal grair| Conductivity Tool,

(e.g., reach by season for fibhabitat elationships and
habitat unit by season for rehabilitation actions).

SolarExposure
Tool

Riparian vegetatiory RCA, RVD
Upland vegetation | BRAT, WRAT
Quantify the biological value of stream habitat featur| Fish-habitat relationships at reach to watershed scal| Juvenile summer /| NREI
to rearing, holding and spawning juvenile and adult | captured in quantitative tool to project population fall capacity and
salmonids based on specific components of habitat | benefit of current and modified HQQ based on growth potential
quality andquantity. Estimate the readtale value of | rehabilitation action scenarios
stream habitat for fish population processes (e.g., Juvenile summer | QRF, HSI/FIS

capacity, growth potential, movement) across river
networks to predict the distribution of habitat
conditions and to quantify the extent and location of
habitatconditions based on rehabilitation action plan;

or winter rearing
capacity, spawner
capacity

Extension of reach
scale fishhabitat
relationships to
watershed scale

Upscaling models

Quantify restoration modalities by the magnitude,
extent and timing of change possible in stream habit
quality and quantity.

Restoration modalities at reach to watershed scale
captured in quantitative tool to modify HQBach
restoration modality change different suite of habita]
features that in turn impact the value of the habitat t
fish.

In channel
complexityi ELJ,
wood and boulder
placement, beaver
dams

DEM to NREI,
QRF, HSI, FIS

11
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Goal

Component

Physical Processeg

Technical Element|

Channel planform
complexityi re-
meander and side

DEM to NREI,
QRF, HSI, FIS

channel

constuction

Riparian vegetatior RCA, RDV to
planting and GPP and NREI
management

Access to QRF, HSI, FIS

previously blocked
habitat

BDA and PALS

BRAT and DEM
to NREI, HSI FIS

Temperature

NREI

Develop watershedcale tributary habitat rehabilitatio
scenarios in a standardized manner to facilitate
communication and to limit the range of options to b
evaluated.

The standardization is achieved by using a suite of
watershed assessment tools that identify the approp
action types and locations. The magnitude of impact
the value of the habitat change to fish population
processes is constrained by the applicatf a
standardized set of ndef
action modality. The effect size of each rehabilitatior
action type specifies the magnitude of fish habitat va
change and the expected time course and duration
change.Standardized approado developing
rehabilitation scenarids spatially explicit actions,
magnitude and timing of change in HQQ

LCM

12
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Methods

ISEMP and CHaMP were designed to meet critically important features of a regional RME
program producefish and habitamonitoring data with accompanying accuracy and precision
assessmentsnplemental monitoringusingsampé designs constructed to meet explicit
objectives andmanage, store and disseminate data throegionaldata management systems
(PIT tag data in PAGIS and habitat data in CHaMPmonitoring.pig addition, we have
developed tools to synthesize habitat metrics to describe habitat quality and quantity,
contextualize this information across the watershed network, and ultimately describe the
implications to salmon and steelhead populations to inform management stratégiese
probabilistic sampling designs suchtbs Generalized Random Tessellation Stratified (GRTS)
sample seleatn algorithm (Stevens and Ols&899 for fish and habitat status atrénd
monitoringto limit spatial autocorrelatio¢all sites areconsidered independent samples and can
beused to estimate metsfor entirewatersheds andBefore After-Controtimpact (BACI)
experimentatesigrs in ahierarchical framework (Walters at 1988, Loughin 2006, Loughin et
al. 2007) for effectiveness monitoringast annual reports describe these methods in detail and
areavailable for downloaffom the ISEMP wbsite {semp.org.

Habitat Status and Trendonitoring

The CHaMP protocqlhttps://isemp.egnyte.com/dl/OZyNX2p8I) &alls for field data collection

during the lowflow period, typically from June through Octob&he basicCHaMP GRTS

study design is a rotating panel design that consists of four panels: one panel of 15 sites that are
visited annually, and three rotatipgnels of 10 s&s each that are visited on-g&ar cycle

Sampling within this framework is implemented to achieve a balance between status estimation
and trend detection, with a total of 45 sites visited in each subbasin every 3 years for a minimum
of 9 years (3 cycles of rotating panels, as per Urgurattkincaid1999
(https://isemp.egnyte.com/dl/gnlwI3S5F Blowever, the design can and has been modified to
address more specific questions fotevahed if needed. For example, in the Tucannon, requests
were made to evaluate the habitat response to targeted restoration. A hybrid design was created
where treatment and control reaches in the mainstem were selected along with GRTS sites in the
tributaries. The response design consists of topographic surveys which produce Digital Elevation
Models (DEMSs) of the channel morphology along with other important auxiliary fish habitat
information that is collected.

Fish Status and Trenb#onitoring

We track the status and trends of adult escapement and juvenile abunaelecd SEMHAN the
Entiat, Secesh and Lemhi River subbasisiag three method§1) adult PIT tagging and
interrogationy(2) operation of rotary screw traps; a3 remotesite fish surveyswithin the

Entiat River status and trends frame, sites are randomly selected using a GRTS design (Stevens
and Olsen 1999) across the entire anadromous range to enable the extrapolatidrasédite
surveys to the population scale. In the Lemhi Rwerus spatially continuous juvenile survey
effortsto address patchy distribution and overall low abundance of target spectbs and
physical difficulty of sitebased surveyg§hese spatially continuous survey efforts still maintain
individual GRTS samplingolcations, enabling backwards compatibility with legacy sites. For
both approaches, seasonal or annual surveys are employed to either recapture individuals to
support growth rate anayi s or p-a s g h stagdge® ihdividuals (e.g., using floating

or backpack PIT tag detectors) to establish seasonal habitat prefefeboesd network of in
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streamPIT tagdetection arrays passively monitor for movement offafjed fsh year round
throughout the Columbia Basin, with a concentration of ISEMErated arrays within target
watersheds.

We have developedhaerarchical patcloccupancy moddlStateSpace Adult Dam Escapement
[STADEM] and Dam Adult Branch Occupancy [DABOM] modeiskestimate escapement to
various populations irhe Snake River basin foeturnyears 2010 2016 using observations of
returning adult spring/summer Chinook and steelhead that were PIT tagged at Lower Granite
Dam.This model simultaneously estimates the probability of movement along the stream
networkand the probability of detection at various PIT tag observation Ei¢tisnatesare

adjusted poshoc by applying a correction factor for differential trap rates throughout the run
seasorand all estimates have a measure of precision (confidence infervals

We usewo methods for the purposes of assessing status and developing trends in juvenile
abundance: rotary screw traps (RSTs) and ressiteguvenile surveysRSTs are generally used

to estimate the abundance of emigrating fryr,ganesmolt, and smolt at subpopulation and
population spatial extenté/e employ remotaite juvenile survey efforts as a means to estimate
juvenile density, abundance, residence time, movement, growth, survival and halptadrse
emigration, oftenn treatment versus reference locations. Either methodlsabe used to

evaluate the effectiveness of habitat restoration actions at the subpopulation or population level.
Estimates of abundance at the population scale are generated using a GRefpSrralDarroch
estimator for spatially continuous surveys

In the Entiat River subbasiBPA funds thdJ.S. Fish and Wildlife Servic@QUSFWS)through
ISEMP b operatea RST MarchthroughNovembemear the mouth of the Entiat River. The RST
provides information about spring Chinook and steelhead productelife history
characteristicaMeasured or estimated parameters include outmigrant abundance, emigration
timing, production (smolt/spawnegurvival (parr to smolt ansimolt to adult eturn rat§ SAR]),
genetic and age structure, length frequenstritution,andgrowth Efficiency estimation and
life-stage designations are standardized across the Upper Columbia and fatvmiton
Department ofish andwildlife (WFW) guidance.

In the Salmon River sitasinBPA fully fundsthe operation of a RST on the lower mainstem
Secesh River and the lower mainstem Lemhi Ri8EMP collaborates with, and partially
funds,the operation of RSTsiHayden Creek and on the uppeainstem Lemhi River

upstream of the confluence with Hayden Cresgtk the Idaho Department of Fish and Game
(IDFG) and Idaho Office of Species Conservation. These RSTs are strategically located to enable
an assessment oeghwater productivity (juvenile production as a function of adult escapement)
within treated and reference areas of the Lemhi River, and for the population as a whole via
emigration estimates at the lower mainstem Lemhi River R8fually all RSTs operad in the
Snake River Basinaemethods described in Sthbrst et al. (2004) to estimate RST efficiency.
Fry, parr, presmolt, and smolt designations are likewise standardized f-dafgure We
adoptedhese regional standarttsmaintain consistenayith other RSTs operated in the Snake
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River Basin in order to capitalize on those estimates as-$aae references for ISEMP
estimates from the Secesh and Lembhi rivers.

Someremotesite juvenilesurveys are randomly distrited at a broad geographic scateng
GRTSto estimate overall population status and trends independent of restoration actions
(Entiat), whereas ther surveys are targeted at areas subject to restoration actions with control
areas for comparison in evalung responséLembhi). A majority of remote fish survey sites are
paired with CHaMP habitat surveys for the development oftfeghitat relationships and
modeling of predicted fish sponse to restoration actiohMge usea wide range of capture
methodologies, including electrofishing, seining, nocturnal stalk netimdfyapping and
angling to efficiently capture juvenile salmonitfge identify, enumerate, measure, and weddh
captured juvenilesand arget species igood physical condition are typically fitted with PIT
tags or marked by some other method, often as part of a discreteeoapkure experiment but
also to allow longerm tracking of movement, survival and growi¥'e may collectissue
samples for subg@ent genetic analysis or aging.

Effectiveness Monitoring

ISEMP continued implementing an Intensively Monitored Watershed (IM\B)idge Creek in

the John Day subbasin in Oreganthe Entiat River in the Upper Columbia subbasin in
Washington, anth the Lemhi in the Salmon River subbasin in Idan@016 All three IMWs
employ aBACI design in a hierarchical framework (Walters et al. 1988, Loughin 2006, Loughin
et al. 2007)use the CHaMP protocol for habitat monitoring and PIT tagging for fish papulati
monitoring Detailed descriptions of the study designs and anafgsesch IMWare available

in ISEMP annual reports 20062013, ISEMP/CHaMP combined annual reports202015.

Bridge Creek is a 710 khwatershed that drainsrdctly into the lower John Day River in the
semtarid region of the Columbia River Basin (Figupe Much of the lower valley of Bridge

Creek suffers from channel incision, a common impairment among streams throughout the
western United States, where mwdtthe channel on Bridge Creek currently exists in a highly
simplified and degraded state with a vastly reduced abundance and extent of riparian vegetation.
The Bridge Creek watershed is used by a run of@htlmbia steelhead that are part of the
ecologially distinct and threatened Lower John Day population, and is also used intermittently
by Mid-Columbia Chinook salmoPollock et al. 2007). We hypothesized teatouraging

beavers to build dams bgstaling structures upon which they could construechdavould have

a host of physical effects, suchiasreagng sediment retention, aggriad the stream bottom
causng a net aggradation effeahdlowering summer water temperaturébat would resulin
increases in juvenile steelhead abundance, growth, survival and productivity.
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John Day Basin

™+ Treatment 2009
@7+ Control/Treatment 2015
#7_ Permanent Control

Q Passive Instream Antenna

Figurel. Location of the Bridge Creek Intensively Monitored Watershedits external control,
Murderers Creekin the John Day subbasin, Oregon

LemhilMW, ID

In the Lemhi IMW local cemanagers recognized that insufficient instream flow, loss of access
to historically important tributary habitat, and mainstem habitat simplification were primary
limiting factors for Chinook and steelhead produityivTributary reconnections have been
achieved through replacing tributary diversions with mainstem diversions, enabling the
reconnection of tributaries, reducing total withdrawals, and allowing cooler tributary water to
enter the mainstem Lemhi Rivern8iltaneously, restoration actions have addressed tributary
passage impediments and improved habitat conditions within tributaries, providing access to
relatively intact publicly held land. A number of mainstem habitat restoration actions were
identified toimprove habitat complexity and provide access technnel habitaBeginning in
2009,ISEMP has been collecting monitoridgta(Figure 2)to parameteriza life cycle model
(LCM) to help guide future restoration actions.
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Lemhi Sampling Infrastructure

Legend
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(® Rotary Traps
Tributary Status 2015
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Map by Richie Carmichael

Figure2. Lemhi RiverIMW sampling infrastructure.

ISEMP alsomonitors four individual sitdased restoration sites within the Lemhi River basin
Amonson Creek, Leer€ek, Little Springs and Eagle Valley Rar(éfigure3). The habitat
monitaring has been conducted opportunisticallyeach site hasséightly different sample
design.Habitat sirveys follow the CHaMProtocol except thahost surveys have site length
determined by project size rather than the bankfull wpeththeCHaMP protaol. Analyses
have included creating DEMs of difference to show changes in stream topography post
restoration and predicting changes in carrying capacityrnessration using a Quantile
Regression Forest (QRF) model.
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Lemhi Subbasin
. . Restoration Sites

Figure3. Lemhi River Basin, Idaho. Red dots indicate the four sample restoration reaches.

Amonson Reach

In 2011and 2014DFG worked with cooperative landowners to add complexity restore a

side channdlo the Amonson Reach of the Lemhi River. ISEMP surveyetioparof the

Amonson sitendan untreated section of the mainstem Lemhi as representative of the reach pre
treatmenin 2012and 2016CHaMP crews surveyed the entirety of the side chanri914and

will re-survey itin 2017.

Lee Creek

Prior to restoration, Lee Creek had been diverted into a ditch along the road, where it then
crossed under the highway before flowing into the Lemhi Rlne2012, the Nature

Conservancy and partnersargineered the furthest downstream kilometer of Gk in

conjunction with restoring minimum flows yeesund to ensure fish passage. A CHaMP survey

was performed several days after the newly engineered project was completed in 2013, and again
in 2016.

Little Springs Creek

In 2012, IDFG reengineeredLittle Springs teetit back from the road so that it is no longer
laterally confinecandconnected flow back to the Lemhi River. Restoration included adding
meanders to increase sinuosity and large woody debris structures to increase cover and
encourage smring. CHaMP surveys were performed on the rehabilitated section of river in
2012, 2013, and 2016.
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Eagle Valley Ranch

Thegoal of theEagle Valley Ranch project is to encourage juvenile Chinook to rear in the
Lemhi River for longer periods to increasenstream survivaMuch of the lower Lemhi River
lacks slow, backwater, and braided habitat tyggeanew side channel was constructed in 2016
along the Lemhi River, about k8n upstream of its confluence with the Salmon Rasgrart of

a larger four phse project to add quality habitat to approximatekm of the lower Lemhi
River.A CHaMP crew collected auxiliary data on the main channel in aadiSvewill leverage
availableengineering and LiDARIata setss part of the effectiveness analysis

EntiatiMW, WA

An engineered approach is being takeaddressiinited instream complexity for listed spring
Chinook and steelhead on the mainstem ofhigat Riverby adding rocks and wood to the
river andbreaching leveet® reconnect the floodplainhere possible. Two of foyrlanned
rounds of habitat actions have been implemented saffacting about 14% of the targeted
stretch of riverTreatments are stratified lmgomorphically distinctalley segmerg and
geomorphic reaches. The Mad Rivgnot targeted for habitat restoratiandis the internal
control(Figure 4) We have hypothesized that increasing instream complexity will result in
increases in density, growth rates, survival and productivity of juvenile salmonids.
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¢ . LN 1 2017
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Figure4. Location and timing of restoration actions in the Entiat River IMW.
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We evaluatedastoration effectiveness in the Entisif\W usinga BACI-style analyses with

abundance, survival, growth, and fork length as restoration resptvseansidered three

phases of restorati20h2, iBRévPrenvnatRdldaand2d® 10r om
ARestor at i on20B60AIl fespanses \Refe Ealuated at the valley segment and
watershed level. Abundance was additionally evaluated at#uoh level. Restoration was

considered to affect the reach, valley segment, or watershed it took place in, depending on the
analysis spatial scale. Abundance was scaled up to the valley segment and watershed level using
GRTS design weights.

Ecohydrauli¢odels

Theecotydraulicmodels (i.e., QRF, Net Rate of Energy Intake [NRBHbitat Suitability Index
[HSI]) and Fuzzy Inference SystenfiFIS]) transform fieldbased meics into habitat capacity
estimates that support restoration plannprgject prioitization, and fuel realistic LCMnput.

We use theemodels to inform habitat condition maps, estimate juvenile carrying capacities, and
evaluate alternative habitat scenarios (€lganges in temperature or topography). Bi&l FIS
models are used totemate spawner capacity. For more details orett@hydraulianodels see
ISEMP (2012, 201320149, ISEMP/CHaMP (208, 2016) andAttachmentA.

The HSI model provides a spatially explicit depiction of the quality of spawning habitat within
modeled raches. Its primary inputs are deptilocity andield measurementsf substrate size
(i.e., gravel, cobble, etc.HSI modelsdo notinclude variables such as temperatared food
availability; howeverspawning salmodo notfeed while occupying reddsoHSI models can
provide accurate predictions of potential redd locatidhgese data, in conjunction with the
steelhead spawning habitat suitability criteria used by Maret et al.)(26€%sed to compute a
spawning HSI score for every-tn raster déwithin a survey reach. Scoresethen combined
into a composite HSI score, and translated into a reaale estimate of available spawning
habitat, weighted by its suitabilitiiSI models have also been criticized for besitg-specific,
making extraolation to other locations unreliabkmore robust approach is ticemore
generalized habitat suitability curves using FIS. FIS are intuitive, flexible in adjusting model
parameters and variables, are more robust with imprecise data, can incorgogete ex
knowledge, and can represent more complex multivariate relationships than traditional HSI
models. When combined with high resolution hydraulic model outputsh&$8decohydraulic
models also provide a spatially explicit depiction of habitaability and an estimate of wetted
usuable area (WUAWhich can be used to estimate carrying capacity as describtbe for
traditional HSI modelsThe current spawner FIS models use depth, velocity, substrate, and fish
cover elements (e.g. LWD, undercuts, a@eeép pool distance) to make spatially explicit carrying
capacity estimates throughout a reach.

The NREI model consists of two sutodels, a foraging model and a bioenergetics model which,
given information about ambient food availability (i.e., ineerate drift), water temperature,
hydraulic conditions (depth and velocity, output from hydraulic model), and an average fish size,
provide spatially explicit predictions of the energy costs (swimming costs) and benefits (gross
energy intake) associatedtivoccupying different locations in survey reaches. These predictions
are then translated into an estimate of juvenile rearing capacity using a fish placement algorithm
and a minimum NREI thresho(é.g., 40% of maximum consumptjon
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Quantileregression forest models have been developed to predit#\stecarrying capacity

based on empirical fish/habitat relationships. Using paired habitat and fish (parr or redd
abundance) data, we have identified measured habitat characteristics (cQwhaatee most

highly associated with observed juvenile parr densities and observed redd abundance, and used
them as covariates in a QRF model with fish densities as the response. Random forest models
naturally incorporate interactions between correlatadriates, a common occurrence among
stream habitat metrics, and accommodate potentialifinear fish/habitat relationships. These

QRF models predict a range of fish densities for any given CHaMP site, and we have chosen the
90" quantile of this rangas a proxy for carrying capacitye havedevelo@d QRF models to

predict summer parr capacity and redd capacity for spring/summer Chinook salmon. We are
working to develop similar QRF models for steelhead as well as winter parr capacity models for
both gecies.

Upscaling Methodologies

Data collected from reae$cale surveys such as CHaMP are information rich with high

resolution; however, with site lengths of 20 bankfull widths and 25 sites per year (49 within a

full panel of sites), these surveys onlywepba small percentage of the watershed-I8itel

surveys need to be put into the context of the entire stream network of the watershed and this can
be done using various techniques to upscale data from sites to reaches throughout the watershed.
This piocess provides spatially explicit estimates of habitat metrics and capacity estimates that
can be used in conjunction with watershed context detail to inform current and potential habitat,
restoration potential, and appropriate restoration techniques.

At the watershed level, or at spatial levels for which a reasonably high number of representative
reachlevel estimates exist (minimum 20+ sites), ISEMP is using ddmged estimation tools

to efficiently estimate populatiodistributions for habitat and fish metrithe use the GRTS

based sample desigmd the psurvey package (in the R programmiagguaggto make

inference orCHaMPdata at a watershestale (Nahorniak et al. 2013)/e roll upestimates of

fish carryingcapacity based on CHaMP reastale models (e.g., NREBhd QRF in the same

fashion to derive watershdevel estimates of carrying capacity.

When spatial scales of interest consist of less #0aor so directly measured sites, standard
designbased estimators may not provide sufficient precis®BEMP has developed empirically
derived models to relate globally available information (gepspatial attributes from GIS

layer9 to measured CHaRlmetrican a spatially explicit mannefhese empirical modetse

used to relate measured CHaMP attributes to these globally available at{i@fes, and thus
estimate CHaMP metrics at unmeasured reaches within watersheds, or into watersheds for whi
no habitat data existiverse probability bootstrappingused to properly account forrepling
design while using moddlased statistical techniques (Nahorniak et al. 2015). Caution must be
exercised when extrapolating models into unsampled watkssag we are assuming that the
empirical relationships observed are constant within and external to our CHaMP watdrsheds.
general, this assumption may not be true, but the more our empirical relationships describe
spatially constant underlying physidaWs, the less risk there is in this assumption.

21



DRAFT 2016 Annual Combined ISEMP and CHaMP Technical Report

We are also able to generapagally continuous estimates from the empirical modglssing

the modeled estimates to fill in gaps between measuredsieseate mapsxplicitly showing

the estimatedpatial distribution of CHaMP metricote that the empirical models used for
continuous estimation may be optimized differently than the empirical models used for
watersheedevel extrapolation, as they may be watershed specific, and may take advdntage o
spatial autocorrelation not present at the watershed level.

To identify habitat impairments and plan and test for appropriate restoration strategies to benefit
populations, we believe estimatef carrying capacity aeachscale resolution at the extent of

the network will be most informative. While correlative approaches may have the ability to
create continuous estimates of carrying capacity, the ability to manipulate covariate values to
reflect changes due to restion may not be possible, or at least uncertain in their prediction.

To protect against spurious correlations, increase accuracy, and target variables subject to
restoration, a processédsed understanding of how the netwsckle variables influence

carrying capacity is recommended. The ecohydraulic models described aboREE.HSI,

FIS) canhelp guide the development of netwsdeiel models that inform the relevant reach

scale metrics defining fish habitat.

For example, the general inputs MIREI can be summaridento inputs of food, temperature,

and channel morphology and substrate as it pertains to hydrdiiesgoal would be to create
network extent of these metrics resolved at the reach scale (Big@teCHaMP sites,

temperature isollected from temperature loggers and summarized over various temporal scales
(e.g, mean daily temperaturdyicNyset et al. (2015)emonstrated that MODUS satellite
information of ground temperature taken daily is highly correlateld data logger temperature

at CHaMP sites, and that this information can be extrapolated across the network with a high
accuracy. Similarly, gross primary production (GBRurrogate for food resources for Jish
estimated from dissolved oxygen sondes ctelgredicted by CHaMRvel metrics of solar

input, conductivity, and temperature, and these same metrics derived by Rietvabrkodels

with similar accuracy and precision. Finally, our investigations with ecohydraulic models at
CHaMP sites suggest thile hydraulic patterns such as shear zones, found near geomorphic unit
transitions, are more important than geomorphic unit themselves in determining habitat quality.
We are currently refining the relationship between hydraulic patterns, NREI values, and
geomorphic unit assemblages to better capture this complexity rather than relying simply on
metrics such as pool frequency or pool area.

We are using geomorphic assessments to describe what geomorphic reach type should be
observed based on higHewel ontrols on stream behavior (e.g., valley bottom extent, valley
confinement) and validating these reach types with habitat survey informatiamoGuxhic

reach types can also be used to predict geomorphic unit assemblages, substrate and structural
elementghat are essential components of fish habitat. A tremendous amount of data is available
in GIS and from remoteesising that describes the largeeler controls that can predict expected
reach types throughout the watershed network and provide a basisdaling reactscale data.

In addition, land use information, riparian vegetation changes, and evaluation of aerial photos
and onthe-ground visits can describe the departure of the historic natural channel form and
behavior from the current conditions. Tehecrepancy between historic and current, along with

the ability to adjust, can describe restoration potential. Restoration potential can be used as a
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geomorphic unit aemblages that can be derived through topography and are consistent with the

geomorphic assessment descriptions of geomorphic (Mdfieaton et al. 2015Because we can

estimate the same general inputs BEN models from bottorup reacHevel data and tepgown
d5p weabeliévE thag asmeehanisbased empirical model will be

Ar ensoetnes e d O

able to predict NREI estimates of carrying capacity across the entire stream network for different
restoration scenarios. For more information on this approachtsehments.
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Figure5. Example ofhow the components of the proposed framework can fit together for
juvenile rearing using NREI model and cadisated imputation to produce robust carrying
capacity estimates at the network and population scales to feegldiiemodelsindividual
compaent pieces and concepts can be interchanged. The key attributes(ajetmeeptual

alignment at the reae$cale between inputs used to drive the sti@le ecohydraulic models and
the network cevariates;b) the leveraging of readily available remgtsensed data to support
networkscale modelingand(c) use of traditional sitscale ecohydraulic analysis to train,

calibrate causal modélased imputation and ultimately validate it. The framework aims to

highlight the analytical tools and underlyitigeory necessary to transcend spatial scales in the
riverscape of relevance to understanding fish population dynafma®. Wheaton et al. (2017).
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Life CycleModels

We have developedlZCM for salmon population dynamics to support salmonid management in
the Columbia River basin. Three applications of the model have been developed as part of the
AdaptiveManagementmplementatiorPlan (AMIP) Life-cycle Modeling Project, all focused on
exploring the impacts of tributary restoration actions and providing @gteral framework for
habitat action effectiveness monitoring.

The ISEMP LCM is implemented in the R programming language, an open source software
package, and is freely available by download from the ISEMP website (www.isemp.org). This
modelisanimpro#e ment and enhancement of the Visual
ISEMP Watershed Model Development: Adding Stochasticity to the Life History Model
Struct ur e 0-baged Wuert andeShamad2@@5) model, and implements the Beverton
Holt spawneirecrut salmon population dynamics model (Beverton and Holt 1957). Many inputs
are user specified, including inputs describing one or more sites within a watershed, initial
salmonid populations and survival estimates by life stage, measures of uncertaingynatpa
estimates, and estimates of natural parameter spatial, temporal, and pure variability. Hatchery
fish introductions into a watershed, and parameters describing the relative robustness and
fecundity of hatchery fish and their descendants, can alsedvespecified. The model calculates
fish populations by life stage for dasubsequent year up to a uspecified number of years.

The model also includes the option of uspecified levels of stochasticity for input parameters.
This stochasticity serves two functioii$) estimation of uncertainty of model results stemming
from uncertainty of input parameters; g2 estimation ofemporal, spatial, and pure variability

in the results stemming from temporal, spatial, and pure variability in the input parameters.
Stochasticity is structured so as to give rise to natural correlations among input parameters.
These correlation structigenable a stochastic model much more reflective of natural processes
than could be achieved by assuming independence across all parameters.

Also included in the model is the ability to include tHmased trends or step function changes for
all userspedfied parameters. Such changes may reflect, for example, changes in watershed
management that lead to gradual increases in forested lands within a watershed, or discrete
changes, such as a change in dam management, leading to a step function shifiah\sateo
flows.

Mul tiple sites may be model ed sdefmedilspatalsele us ! vy,

over which the user wishes to define the input parameters. A site may be a reach within a
tributary, a tributary within a watershed, a ar@hed within a subbasin, etc. The advantages of
concurrent modeling of multiple sites, as opposed to modeling one site at a time, af@dhree
(1) the model accounts for lack of independence among sites within a watershed (e.g., a low
water year for aingle site is likely a low water year for all sites within a watersh@)l);

modeling multiple sites concurrently allows for inclusion of cisiss migration, where fish at
various life stages have some uspecified norzero probability of migrating ta different site
within a watershed; an@) modeling multiple sites concurrently allows summarization of results
at whatever spatial level chosen after the completion of the simulation (i.e., results may be
summarized by site, stream, river, watershed).e
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The model has been primarily designed for streaaning Chinook and steelhead but is

structured such that it is flexible enough to handle different species of salmonids (although they
cannot be modeled simultaneously). The modeling environmensdppsrt sufficient life

history variability to capture simultaneous and resident / anadromous forms, as would be
necessary for a genei@l mykisgpopulation modelA stageby-stage description of the model

and the input and output files are providedihe | SEMP Water shed Model
Guide. User guide and software downloads are available from: www.isemp.org/products/tools.

Results

RMEHabitat Status and Trends

The CHaMPsampling design is optimized for estimation of the mean and variari@idai¥P

metrics at the watershed scale, or at least over a large portion of a watershed. This means that a
wide variety of sites are sampled across a broad array of landscapetetstics Analysis

shows thaCHaMP site baracteristicsepresent the raegf characteristicacross the Columbia

River basirnfor unsampled sites for bottumeric and categorical GAA variablesd.,Figure6).
Crossvalidation at various spatial levdisis shown that subset of allGAAs haveobservable
relationships to the CAiMP metricqresults available upon request).

CHaMP (red) vs not. CHaMP (blue)

og StrmPwr

Figure6. Example of CHaMP coverage of physical characteristics of the anadromous extent of
the interior Columbia River Basiim this case, CHaMP sampled streams (red dots) generally
represent the core of the range of elevation (y axis) and stream power (x axis) found in the
interior Columbia River basin (blue dots).
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The CHaMP protocol generates a large amount of dataghdieesummarized into many

different metrics. To focus the number of metrics that we report on here, we have provided
summaries of metrics identified by the QRF model as important predictors of spring Chinook
density by watershed and yeAnnual assessmenf sources of variance associated \tfithse

metrics showshatin general CHaMP protocols produce measurements with low noise compared
to other sources of variability (Figurg, and are standardized and repeatable across the
Columbia River BasirFigures8 to 21 showannual vatershedevel mean and variance

estimates fothesemetrics

Temp: Max7dAM
log(Sinuosity)
log(Wetted Depth SD)
log(Thalweg Depth Avg)

log(Discharge)

log(CU_Freq)

log(Large Wood Frequency: Wetted)
Temp: 7dAMGtr13

log(QFR chnk_cap_per_m)

log(Fish Cover: Total)

log(Riparian Cover: Ground)

log(Conductivity)

log(Substrate Est: Sand and Fines)
log(SlowWater_Pct)

log(Substrate < 6mm)
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—o— watershed site

Figure7. Estimated components of variance for metrics generated using the CHaMP protocol
and identified agmportant predictors adpring Chnook densityusing the QRF model
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Fish Status and Trends

ISEMP is using th&tateSpace Adult Dam g&capement (STADEM) and Dam Adult Branch
Occupancy (DABOM) model® generag annual estimatesf adult escapementito tributaries
in the Lemhiriver subbasin. This approach has been adopted Biyéshington Department of
Fish and Wildlife (WDFW) to estiate escapement for the Wenatchee, Entiat, Methow, and
Okanogan River subbasins.

Estimates for adult steelhead escapement into the Entiat are availabl&WBBW (Figure 2).

Natural Hatchery

Escapement
g
o

2501

I
(1

IIIIII

2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016
Year

Figure22. Population estimates and coefficient of variation for natural origin atkdthead
escapemerinto the Entiat River watershestimated using PIT tag interrogations at IPTDS sites
throughout the&ColumbiaRiver. Data courtesy of Washington DepartmenEsh and Wildlife
(Truscott et al. 2017)

Tables2 and3 provide summariztadult escapement data from IPTDS for Snake River-TRT
identified populations of spring/summer Chinook salmon and steelhead. Currently, ISEMP is
also collaborating wih IDFG BPA projects 199073-00 and 20126-00 to produce

1 Age and sex structure accompanying escapement at the population grapslation
level (Figures 3 and 2).

Length of returning adults at the population and-gapulation level.
1 Adult runtiming past LGR and into populations and dpulations for natural origin
adults.
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Fraction of the populations and spbpulations composed of repeat spawners.
Rate of posspawn survival to LGR (kelting rate).

Fraction of A and Brun populationscomposed of individuals that meet-rén
classification criteria (e.g.-@cean age or greater or fork length [FL] greater than 77.5 cm).

Table2. Population estimates and coefficient of variation for natural origin adult springfsumm
Chinook salmon escapement estimated using PIT tag interrogations at IPTDS sites throughout

the Snake River.

MPG TRT Name TRT 2010 2011 2012 2013 2014 2015
Grande Ronde / . 236 181 280 385 311
Imnaha Catherine Creek GRCAT (0.26) (0.15) 298 (0.2) (0.13) 0.12) 0.17)
Grande Ronde / . 51 309 120 142 237
Imnaha Lookingglass Creek GRLOO (0.38) (0.13) 99 (0.26) (0.16) (0.18) (0.15)
Grande Ronde / ) . 116 179 526 350 2131 2015
Imnaha Lostine River GRLOS 534 (017) (015) (0.16) (0.1)  (0.08)
Grande Ronde / . 597 224 109 185 199
Imnaha Big Sheep Creek IRBSH 013) (025)  (029) (0.24) (0.25)
Grande Ronde / Imnaha River mainstem IRMAI 474 2207 1215 748 1282 785
Imnaha (0.23) (0.08) (0.11) (0.14) (0.12) (0.13)
Lower Snake Asotin Creek SNASO
Middle Fork . 215 457 913 986 1285 1175
Salmon River Big Creek MFBIG  038) (0.5 (0.13)  (0.09) (0.13) (0.1)
South Fork Salmon . 1088 718 1083 1255 1328 728
River East Fork South Fork Salmon River SFEFS 0.17) (0.12) (0.13) ©0.1) 0.11) (0.15)
South ForkSalmon . . 4620 3393 2389 1358 2110 959
River South Fork Salmon River mainstem SFMAI ©0.1) (0.07) ©0.1) (0.09) ©0.1) (0.14)
South Fork Salmon . 1386 974 1396 1530 1668 659
River Secesh River SFSEC  016) (0120 (012  (0.09) (0.1)  (0.16)
Upper Salmon . 343 161 307 320
River East Fork Salmon River SREFS ©0.7) (0.41) 283 (0.6) (0.18) (0.19)
Upper Salmon S 156 267 393 464 718
River Lemhi River SRLEM (0.27) (0.13) 83 (0.31) (0.11) (0.12) ©0.1)
Upper Salmon Salmon River lower mainstem below SRLMA 1271 1732 1614
River Redfish Lake (0.1) (0.1) (0.1)
Upper Salmon Salmon River upper mainstem above SRUMA 865 799 924 564 615 520
River Redfish Lake (0.64) (0.31) (0.53) (0.14) (0.15) (0.16)
Upper Salmon 329 452 675 389 739 452
River Valley Creek SRVAL  (073) (0.33) (053  (0.15) (0.13) (0.18)
Upper Salmon 343 213 127
River Yankee Fork SRYFS 307 (0.6) 0.17) (0.22) (0.31)
103 88 207
Wet Clearwater Lolo Creek CRLOL 250 (0.2) (0.16) ©0.2) (0.16)
NA NA CRLAP
NA NA CRLOC
NA NA CRPOT
92 22 358
NA NA GRUMA 87 (0.32) 054  (047) (0.21)
NA NA SCLAW_ 61 94 795 380 442 660
SCUMA (0.35) (0.18)  (0.17) (0.11) (0.12)  (0.11)
55 93 7
NA NA SRLSR 036)  (0.18) 10 (0.72) (0.41)
184 34 205 344 320 320
NA NA SRPAH 081y (071 (065) (0.19) (0.19) (0.21)
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Table3. Population estimates and coefficient of variation for natural origin adult steelhead
escapement estimated using PIT tag interrogations at IPTD$hstiaghout the Snake River.

MPG TRT Name TRT %‘;g‘e 2010 2011 2012 2013 2014 2015
Clearwater  _. 102 421 186 92 84 420
River Fish Creek CRLOCs B (0.13) (0.12) (0.14) (0.13) (0.14) (0.1)
Clearwater 664 310 274 558
River Lolo Creek CRLOLs B - - (0.09) (0.09) (0.1) (0.1)
Clearwater  South Fork 1188 664 528 922
River Clearwater River CRSFCS B - - (0.08) (0.08) (0.09) (0.08)
Grande 1581 1828 1564 1780 3028
Ronde River J0SePh Creek  GRJOSs A ~  (0.06) (0.06) (0.06) (0.07) (0.07)
Grande Sir\‘;"er}df?;’e”rde GRUMA- 203 368 668 1132 1185 2258
Ronde River mainstem S (0.1) (0.07) (0.07) (0.06) (0.07) (0.07)
Grande Wallowa River  GRWAL 4 147 321 244 135 515 913
Ronde River s (0.12) (0.09) (0.12) (0.1) (0.1) (0.08)
Imnaha . 204 3045 2905 1333 2431 2343
River Imnaha River  IRMAI-s A (0.1) (0.05) (0.06) (0.06) (0.07) (0.06)
. 1516 1156 1341 798 1032 1281
Lower Snake Asotin Creek SNASOs A (0.07) (0.06) (0.06) (0.06) (0.08) (0.07)
Lower Snake Tucannon River SNTUGs A (7(;188) ?(5388) (1003:;) ?5)38) ?0739) ?0658)
Salmon . 1092 594 458 392 274 733
River Big Creek MFBIG-s B (0.19) (0.08) (0.14) (0.08) (0.13) (0.14)
Salmon South Fork SEMALS B 1175 2041 1112 645 743 1473
River Salmon River (0.08) (0.07) (0.08) (0.08) (0.11) (0.08)
Salmon . 174 330 182 42 146 231
River Secesh River  SFSEGs B (0.23) (0.16) (0.23) (0.4) (0.24) (0.21)
Salmon East Fork Salmon 32 35 54
River River SREFSs A - (1.81) (0.39) (0.44)
Salmon . 417 314 347 334 339 342
River Lemhi River SRLEM-s A 0.1) (0.09) (0.11) (0.08) (0.09) (0.1)
Salmon o 345 672 2133 469 665 653
River Pahsimeroi River  SRPAHs A (0.71) (0.39) (0.43) (0.1) (0.11) (0.11)
Salmon Salmon River SRUMA- A 389 375 652 192 183 347
River upper mainstem s (0.64) (0.64) (1.03) (0.17) (0.25) (0.16)
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Figure23. Estimates of sex ratios for natu@igin spring/summer Chinook salmon
populations/subpopulations in the Snake Rbased on PI¥agged individuals crossing IPTDS
throughout the Snake River. Sex data provided by &gegific genetic assay. Figure provided
by IDFG.
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Figure24. Estimates of sex ratios for natw@igin steelhead populatiossibpopulations in the
Snake River based on Rtégged individuals crossing IPTDS throughout the Snake Rbesr.
data provided by a sespecific genetic assay. Figure provided by IDFG
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Juvenile Capacity

Chinook in CHaMP Watersheds
Estimates of juveite summer rearing capacity for Chinook in nine watersheds where habitat data is collected using the CHaMP
protocol are generated using QRF and are in number of juveniles per meter (B)gure 2
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Figure25. Estimated juvenile Chirak summer parr rearing capacity in nine Columbia River Basin watersheds frorih 201%.
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Entiat River, WA
Status and trengopulation estimate®r Entiat Riverspring Chinook and steelheadmmer
standing cropopulationsareestimated using a GRH&ased roHup (Figure26).

Chinook [ Steelhead

o 2001

Estimate (x1000

] ii §E§§ ¢

2010 2011 2012 2013 2014 2015 2016 2010 2011 2012 2013 2014 2015 2016
Year

8

Figure26. Spring Chinook and steelhead juvenile standing crop estimates for the Entiat River
subbasin, 2007 2016.

EntiatRiver WA

During 2016, he USFWSMid-Columbia Fish and Wildlife Conservation Office operated one
RSTon the Entiat Riveunder the Entiat IMWTrap operations were conducted 7 days a week
between February and November when flow and water temperature permitted. A total of 10,088
fish were captured at the rotasgrew trap and 7,184 salmonids were implanted with PIT tags.
Natural origin juvenile spring Chinook and summer steelleprbsenf6.7% and 7.0% of the

total catch respectively. Point estimates of emigrant abundance (95%oCyearling and sub
yearling spring Chinook were 2,860 (+ 1,628) and 22,346 (+ 13,970), respectively. Summer
steelhead emigrant abundance was estimated at 8,590 (+x (F#4R6% %) and theabundance of
emigrating steelhead by age captured at thvetdEntiat Rver rotary screw trap was estimated

for 20107 2015 (Figure 28)
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Spring Chinook Sub-Yearlings Spring Chinook Yearlings
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Figure27. Estimates of emigrant abundance for spsalyyearlingand yearlingChinook and
steelhead, 20102016.Data provided by SFWSMid-Columbia Fishery Resource Office
collected under BPA Project 20@3.7-00.
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Figure28. Calculated abundance of egrating steelhead by agaptured at the lower Entiat
River rotary screw trafrom 20107 2015 Data provided byJSFWSMid-Columbia Fishery
Resource Officeollected under BPA Project 20@3.7-00.
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Abundance estimates fgearling spring Chinookn 2016 allowed for the completion of 2@
brood year produitity estimatesTotal egg depositiofor 2014 brood year spring Chinook was
estimated a#36,050eggs. Deposition was based @2 redds counted within the Entiat River
basin Fraser and Hamstreet 2QX8ultiplied by an estimated fecundity oRZ5eggs.A total of
18,923 spring Chinook emigrants mgeestimated from the 2014 brood ydaggto-emigrant
survival rate and emigraiperredd estimates were calculatedt&84% and 186ish, respectively
for 2014broodyear for spring ChinooKI@able4). Mean fork length (zSD) of spring Chinook
was 99.12 (21.3) mm and 90.5 (£8.5) mm, for yearling and-gahrling species respectively.
Mean fork length (xSD) of summer steelhead was 134.7 (+35.8) mm. Spring Chinockasmolt
adult return calculated for the 2010 brood year was estimated at 0.32%-f@asliby, 0.76%
for yearling outmigrants, and 0.49% for both juvenile iféstories combined.

Table4. Estimated egg deposition (# of redds x estimated female fecunditytp-egggrant
survival rates, and emigrant per redd estimates for Entiat River wild spring Chinook juveniles,
brood years 2002 2014.Data provided byJSFWSMid-Columbia Fishery Reswce Office
collected under BPA Project 20@3.7-00.

Estimated Number

Brood ~ Number of Estimated Egg Elfngigrt;r;t Emigrant
Year Redds Deposition Sup Yearling Total Survival (%) per Redd
yearling
2002 112 478,800 9,740 3,958 13,697 2.86%* 1222
2003 108 461,700 9,123 5,349 14,472 3.13%* 1342
2004 126 538,650 12,029 8,145 20,174 3.75%* 1602
2005 148 632,700 13,386 9,090 22,477 3.55%" 152°
2006 107 457,425 6,265 11,643 17,908 3.91% 167
2007 102 436,050 19,408 7,345 26,753 6.14% 26Z
2008 116 495,900 11,544 16,692 28,236 5.69% 243F
2009 115 491,625 14,188 5,942 20,131 4.09% 175
2010 204 872,100 13,437 18,471 31,908 3.66% 156¢°
2011 248 1,060,200 25,693 21,866 47,559 4.49% 19Z
2012 236 1,008,900 14,353 22,786 37,140 3.68% 157
2013 99 423,225 23,370 5,083 28,453 6.72% 287
2014 102 436,050 16,063 2,860' 18,923 4.34% 186°

aDerived from upper trafrkm 11.0)estimates.

®Derived from upper trafrkm 11.0) subyearlingand lower tragrkm 2.0)yearling estimates
¢ Derived from lower trap (rkm 2.0) estimates.

4 Estimates devied from partial trapping seaso
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Spring ChinookSAR estimates faall life-history groups (yearlinggubyearlingand combined)

for the2010 brood year werabove or equal tthe 9 yeamaverages of 06, 0.76%, and 0.4%6,
respectivelyThe 2010brood year showed similar trends as previous brood years, with a higher
SAR for spring Chinook tagged as yearlings as compared to those taggeédyaartinips (Table

5).

Table5. Estimated molt-to-adult return (SAR) for sulgearling, yearling and adult wild spring
Chinook in he Entiat River for brood years 2001 to 20D@ta provided by SFWSMid-
Columbia Fishery Resource Officeder BPA Project 20081 7-00.

Total Observations SAR

Brood
Year  Subyearling Yearling  Adult Returns Sub-yearling Yearling Corr?binqd life-
istories
2001 n/a 2 2 0.00% 0.51% 0.51%
2002 0 5 5 0.00% 0.70% 0.3%
2003 1 5 6 0.0%% 0.38% 0.1%%
2004 5 8 0.1206 0.25% 0.19%
2005 3 1 4 0.13% 0.168% 0.1%%
2006 17 100 117 0.56% 1.51% 1.21%
2007 23 25 48 0.41% 1.09% 0.61%
2008 21 42 63 0.3%% 0.9%% 0.5%
2009 6 9 15 0.16% 1.3%% 0.3%%
2010 12 17 29 0.32% 0.76% 0.49%
Lemhi River, ID

To estimate steelhegtoductivity, we first estimate lengthat-age relationshipby fitting a
linear modethat predicts the fork lengtky based on the known age cla®$o provide an
estimate of the meah, , and standard deviatiop, , of fork lengths within each age clagg.(
We then fit a miture model to the entirety of the length data for each year. The distribution of
observed lengths is a combination of distinctih@gmal distributions, one from each age class.
We estimated the parameters of this mixed distribution of lengths, includimydportion of
fish that make up each age class)( We then estimatkthe probability that a fish of a given
length is in each age class using Bayes' theorem.
QU OO R O

"Qw

The modeMistinguisteswell between ag® steelheadnd other age classes, but perfeomly
marginally better than random for distinguishing between older age c(&sgae 29) We
assume the lengtii-age relationship was constant through tleeause we only had one year of
agelength data.
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Figure29. Probability that a fish of a given fork length is in each age class for steelhead in the
Lemhi River.Every vertical slice sums to one.

Productivity estimategor both spring Chinook salmon and steelhead populations in the Lembhi
River shove a lot of yeafto-year variability, making it difficult to extract any sort of trend in
productivity over this period (Tablé&sand7, Figures 30 and 31A longer timeseries of
productivity estimates will be necessary to filter out those g&acts and estimate a true

underlying trend.

Table6. Estimates (CV) of adult escapement, emigrants, and productivity by brood year for
natural origin spring/summer Chinook salmon in the Lemhi River.

Brood Year Adults Emigrants Productivity
2011 267 (0.129) 16842.3 (0.032) 63.1 (0.134)
2012 83 (0.29) 21825.5 (0.035) 263 (0.309)
2013 393 (0.106) 31496 (0.032) 80.1 (0.111)
2014 464 (0.117) 79130 (0.024) 170.5 (0.121)
2015 718 (0.098) 53385 (0.035) 74.4 (0.105)

Table7. Estimates (CV) of adult escapement, emigrants, and productivity by brood year for
natural origin steelhead in the Lemhi River.

Brood Year  Adults Emigrants Productivity
2010 417 (0.095) 19477 (0.047) 46.7 (0.107)
2011 314 (0.089) 8770 (0.049) 27.9 (0.101)
2012 347 (0.104) 11469 (0.046) 33.1 (0.115)
2013 334 (0.081) 10861 (0.045) 32.5(0.093)
2014 266 (0.106) 5311 (0.064) 20 (0.125)
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Figure30. Estimates of productivity of natural origin spring/sumi@éinook salmorgleft panel)

andnatural origin steelheggdight panel)in the Lemhi River, plotted against brood yezaurs
depict 95% confidence intervals.
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Figure31. Estimates of productivity of natural origin spring/summem@bk salmor(left panel)
andnatural origin steelheadight panel)in the Lemhi River, plotted against estimates of
escapemenBars depict 95% confidence intervals.
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Effectiveness Monitoring

The responses to the additionbefaver dam analogs (BDASs) for both steelhead and their habitat
was dramatic as reported previously and in a recently published paper (Bouwes etaal. 2016
AttachmentC). However, in 2016 densities dropped dramatically in Bridge Creek o pre
restoratiordensities (Figure 32). Although this is not enough to bring therpegiration

average down appreciably compared to what we published recently (Bouwes et a@l. ths.6
does bring into question the lotgrm benefits of the large increase in beaver dailling

activity.
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Figure32. Time series of juvenile steelhead density (number/100m) estimates for the treatment
Bridge Creek and control Murders Creek watersheds (upper panel) and difference between
Bridge Creek and Murdere@reek densities (lower panel) for spring, fall, wint®yH,W).

Vertical line represents the date of the manipulation. In the lower pane, the dashed lines
represent the mean value, and the dotted lines the upper and lower 90% confidence intervals, for
pre- and posimanipulation.

The recent decline in juvenile densities might be explained by several environmental variables:
beaver ponds go through an evolution from pond to wetland to meadow (Ngztiledal©88) that
could have large impacts on the tengdatynamics and benefits to fish hahilternatively, or

in addition to this evolution in habitat types, lower than normal dischargeli4 and 2015

resultedn higher than normadtream temperaturesspecially irR015. During this time,

discharge waslmost at base flows during the upstream migration of steelhead spawners, rather
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thanthehigh flowsthat are typical during the spawning seasord we observed very little
upstream migration of adults in the spring of 2015. In addition, temperatucheddathal

levels in lower portiosof the stream durinthe summelow flow period In contrastMurderers
Creek is further upstream in the John Day drainage andndbesach these extreme

temperaturs. Differences between Bridge and Murderers Creelsifies may be a result dig
stream temperatures reaching lethal thresholds in Bridge Gtealever, it should be noted that
beaver dams have been shown to have a cooling effect in Bridge Creek, particularly to summer
daily maximum temperatures (Weletral. 2017), so it is possible that without the large increase
in beaver dams following the installation of beaver dam assist structures, the 2015 water year
could have had a much larger negative impact on juvenile steelhead survival and therefore
densities than we observed.

To datewe have4 years of postreatment data from the 2012 actions aryear of post

treatmet data from the 2014 actiortdere we present results at the watershed scale (mainstem
Entiat [treatment] compared with thad River [control]) and the valley segment scale (valley
segments 1 and 3 are treatments, valley segment 2 and the Mad River are controls).

Results from the Chinook analysis point to difficulties with small sample sizes and interactions
between sapling design and Chinook life history patterns that limit analysis conclusions. At the
watershed scale there was a significant decrease in Chinook abundances in restoration compared
with control areas between Restoration 1 and Restoration 2 periode@3gight pane), but a

similar pattern was not observed at the valley segment $aglaé 33 left pangl Given that

valley segment 2 is modeled as a control at the valley segment scale but is included in the
restoration group of the Entiat River a¢tivatershed scaléhe different conclusions from

analysis at these two spatial scales points to declinegley segment 2 abundances. It is

unlikely this decline irvalley ssgment 2 is due to restoration activity but it does cause

difficulties separatig natural variation from restoration effects.
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Figure33. Comparison of Chinook abundance (transformed for normalitih)e valley segment
scale (left panel) and at that watershed scale (right pamel¥tandard errors mestoration and
control areas.

Analysis for differences due to treatment of overwinter survival for Chinook at the watershed
scale were unsuccessful sinay low Chinooknumbersn the Mad River frequently cause low
capture success during sampling whintreases uncertaingroundsurvival calculations

Analysis for treatment effect #ie valley segment scatbowed alecreased survival in
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restoration areas compared with control areas between Restoration ésamichon 2 periods (p
= 0.10)(Figure34).
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Figure34. Comparison of Chinook ovavinter survival and standard errors in restoration and
control areas at the valley segment léaghe Entiat IMW

This trend may be explained by confounding interactions between dkhlife history and

sampling design. Between Restoration 1 and Restoration 2 periods Chinook at control valley
segments significantly increased in fork length compared with fish at restoration valley segments
during the summer but not during the winteigure &). The lack ofsignificant difference in
overwinter specific growth rate (Figu®6) impliesthat between summer and winter there was

an immigration of larger fish into restoration valley segments. Valley Segment 1 is a restoration
valley segmentrad is also at the mouth of the Entiat River near where it enters the Columbia
River. It is likely that larger fish are entering Valley Segment 1 during the winter to prepare for
emigration which occurs with spring flooding, typically in March. In 2016mgpfliooding

occurred earlier than usual and high flows deldy&d operatios and t is possible more

emigrating fish were missed than usual during this year which would result in depressed survival
estimates.
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Figure35. Comparison of Chinook fork length (mm, transformed for normality) and standard
errors in restoration and control areas at the valley segmentrigtel Entiat IMW
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Figure36. Comparison of Chinook specific growth rate (mnkftength per day) and standard
error in restoration and control areas at the valley segmentihethed Entiat IMW
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No significant response was detected for steelhead abunalagitieer the valley segment or
watershed scalg§igure J) but asignificant increase in survival in pesstoration was
observed for steelhead the valley segment scale (Fig3&.
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Figure37. Comparison osteelheadbundance (transformed for normality) and standard errors
in restoratiorand control areas at thalley segment scale (left panel) and watershed scale (right

panel)
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Figure38. Comparison osteelhead oversummer aogderwinter survival and standard errors in
restoration and control areas at adley segment leveh the Entiat IMW

At boththe valley segment (Figu9) and watershed (data not shown) scales between

Restoration 1 and Restoration 2 periods steelhead size increased significantly at restoration sites
compared with control sites,tbugh this depended on age class and seAsdime valley

segment and watershed (data not shown) $oakl age classes and seasons specific growth

rate decreased significantly (p = 0.0012) in restoration areas compared with control areas
between Befee and Restoration 1 perioffsgure40). Between Restoration 1 and Restoration 2
periods there was a trend (p = 0.065) for decreasgsecific growth rate in restoration

compared with control areas. The decrease in growth rate is likely due to tlesénicréish size

as larger fish tend to have slower growth rates.
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Figure39. Comparison of steelhead fork length (mm) and standard error in restoration and
control areas at the valley segment level by capture season and age=lsigsificant (p
<0.05) increase in restoration compared with contrel significant (p <0.05) ecrease in
restoration compared with control.
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Figure40. Comparison of steelhead specific growth rate (mm fork length per day) and standard
error in restoration and control areas at the valley segment level by capture season and age class
in the Entiat IMW
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Lemhi IMW, ID

Amonson Reach

Fundamental differencesnong surveys.g., site length, discharge) prevented us from

determining changes in carrying capacity resulting from restoratitbors (Figure 41)

However, walid look at indicators likely correlated with carrying capacity and how those
indicators chaged through surveyJable8). Habitat in the main channel has improved post
restoratiorand theside channel adds additional rearing habitat that can be used as a thermal and
velocity refuge with increased cover and complexity.

Figure4l Pre- (right panel)and postrestoratiorside channel (middle panel) and main channel
(left panel)habitat inthe Amonson Reach.

Table8. Habitat measurements showing differences in metrics among the four surveys
completed at the Amonson Reach.

Habitat Metric Before 2013 Main 2016 Main Side

Channel Channel  Channel
Avg % of pool tail substrates 65.00 533 30.37 5589
comprised of fine sediment <2mm ) ' ’ '
Number of large wood pieces per 100
meters within bankfull channel 6.74 10.3 8.8 3241
% of wetted area with fish cover 14.09 5.1 7.7 53.42
0
Y% of Wetteq area as slow water/pool 2218 558 3152 59.35
channel units
Sinuosity 1.31 1.58 1.59 1.32
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Lee Creek

Time constraints only allowed for surveying of a #b@eachof Lee Creek, which wareassunng

is representative of the entire site. Riparian vegetasgtablishmenabove the culvert, where the
stream is approximately 130 from the old channehas been wuccessfu(Figure42 and Bble

9) and it may be thaht banksaretoo high above the water table to support riparian vegetation.
Conversely, blow the culverind outside of the survey areehere the stream bed is in a similar
location as the old channegkgetations thriving.Based on a QRF model we preidhatChinook

parr density at the site has increased from 0.29 fish/m in 2013 to 0.34 fish/m in 20168jTable
however, total estimated Chinook parr capacity has decreased from 427 in 2013 to 377 in 2016.

Figure42. The lowest extent of Lee Creek p(keft panel)and postrestoratiorchanges in
vegetation (middle panel) and 10 cm DEMloé newly restored chann@ight panel)

Table9. Habitat measuremenésd predicted juvenile Chinook respepre-treatment (2013)
and postireatment (2016) at the Lee Creek restoration site.

Habitat Metric 2013 2016
Sinuosity 1.13 1.15
Barkfull Width to Depth Ratio Avg 32.26 15.04
Pool Residual Depth 0.40 0.24
Pool Frequency 1.61 5.74
Avg % of Fine PooT ail Substrates <2mm 26.1 7.87
Total Fish Cover 5.90 18.98
Substrate D16 8.00 18.00
LWD Frequencyi Bankfull 4.61 23.88
Predicted total Chinook parr summer rearing capacity 427.00  377.00
Predicted Chinook parr density (fistfm 0.29 0.34
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Little Springs Creek

Fish passage into Little Springs Creek is now gpsegatingan additional 6,962.5 m of stream
habitat available to Chinook parr during summer mo(figure 43) Based on habitat
measurements taken from CHaMP surveys in Little Springs Ongekstimate that Little
Springs Creek can now support up to 1.59 fish/m and has a carrying capacity of ~ 11,000
Chinook par(Table 10.

Figure43. Little Springs Creek site préleft panel)and postestorationmiddle panel)The
right panel shows a CHaMP survey encompassing the entirety of the restoration site illustrated
by a 10cm CHaMP DEM overlaid on satellite imagery.

Table10. Habitat measurements pireatment (2013) and peseatment (2016) dhe Little
Springs Creek restoration site.

Habitat Metric 2012 2013 2016
Estimated total Chinook parr capacity 1108 1008 899

Estimated Chinook parr density 0.37 0.33 0.29
Substrate D50 16 10 19

Substrate: % Cobble 4.31 6.73 18.44
Substrate >6mm 70.09 98.47  49.26
Gradient 0.66 0.64 0.63
Total Fish Cover 3.31 2253  18.47
LWD Frequency Bankfull 5.76 6.27 7.40
CV of Thalweg Depths 0.52 0.46 0.39

Bankfull Avg Width to Depth Ratio 1250 14.77 70.37
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Eagle Valley Ranch

To date wecan characterize theabitat at the newly restored side channel at Béglkey Ranch
but more years of monitoringill be needed to determine the response to habitat a¢konse
44, Table 1).

Figure44. Eagle Valley Ranckitepre (left panel) and posestoration (right panel)

Table11. Habitat measuremenésd estimated Chinook parr densitiesn the 2016 survey of
the newly restored side chanlthe Eagle Valley Ranch site

Habitat Metric Value
Estimated maximum Chinook parr density ~ 0.33
Estimated Chinook parr total capacity 1453
Bankfull Area (n3) 5425
(I?;?/nkfull Width to Max Depth Ratio Avg. 0.165
Percent Pools 44%
Substrate <6mm 14.6%
Fish Cover Total 21%
Gradient 0.45
Bankfull Width to Max Depth Ratio Avg 10.92
Sinuosity 1.308
Substrate: % Cobbles and Boulders 0.31
LWD Frequency 0.65
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Actionsto date in the LemHiave nearly doubled the total length of stream available to
anadromous salmonids, and have resulted28% increase in stream area and 19% increase in
pool habitat available to anadromous salmomMd@RF model was used to translate habitat
availability by channetype (Tablel2) into capacity estimates by chanbgde for each of the
Lembhi tributaries cosidered for reconnection.

Tablel12 Steelhead and spring/summer Chinook salnapacity (fish/meter) by channigipe
for Lemhi River tributaries.

ChannelType
Species Stream ) Island- . Plane Pool Step .
Cascade Confined Braided Meandering Bed Rifle  Pool Straight

Steelhead Agency 3.09 1.90 1.97 1.92

Big

Eightmile 1.66 1.96 2.02

Big 1.33

Springs

Big

Timber 2.12 1.86 1.20 1.95 198 2.02 2.66

Bohannon 2.28 3.22 2.25 1.89 2.60

Canyon 1.37 1.90 2.00

Hawley 1.31 1.96 205 1.92

Hayden 1.79 1.98 2.13 2.08 2.18 2.88

Kenney 2.69 1.97 200 2.08

Lee 1.80

Lemhi

Mainstem 2.27 2.57 1.59 1.79 4.33

Little

Eightmile 1.92 1.64 2.03 1.89 210

Little 0.65

Springs

Mill 1.66

Pattee 1.95 3.15 1.93 194 221

Texas 1.17

Wimpey 2.41 3.44 2.07 1.84 247
Spring/summer  Agency 4.85 171 212 0.89
Chinook Big
Salmon Eightmile 445 3.14 3.29

Big 1.56

Springs

Big 0.89 3.17 3.14 280 337 325 299

Timber

Bohannon 0.00 4.92 1.15 214 o0.01

Canyon 4.02 3.50 3.45

Hawley 3.13 3.46 3.96 274

Hayden 2.46 3.27 2.36 3.34 1.60 3.29

Kenney 7.18 5.18 5.67 4.21

Lee 1.84

Lemhi 4.01 5.67 4.14 3.61 4.30

Mainstem

Little 0.00 4.53 170 249 1.10

Eightmile

Little 0.78

Springs

Mill 1.35

Pattee 0.00 4.88 1.88 211 0.69

Texas 3.44

Wimpey 0.00 2.91 1.21 1.77 0.25
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Survival and capacity estimates for fanasting, reference, and reconnected habitat (inclusive of
in-stream restoration actions) were used inLiG& to estimate the change in habitat

availability, adult escapement, productivity (smolts per spawner)caaduvenile production

for all actions completed through 2015 (Figdg. Predicted changes in freshwater productivity
can be viewed relative to the 3% and 7% improvements targeted in the iZQd®Bsteelhead

and spring/summer Chinook salmoespectively. Model estimates suggest that tributary
reconnection and habitat restoration actions in the Lemhi River will be sufficient to exceed
survival improvements identified for steelhead (10% improvement relative to a 3% target), but
are likely to fdl short for spring/summer Chinook salmon (3% improvement relative to a 7%
target).

Baseline a

Wetted area: 1.27 km? /‘ Stee"'lead .
Pool area: 0.37 km? 9 All Restoration Actions

THBiiaR facoRAecHoh 101,600 smolts (19% increase)

Wetted area: 1.55 km? (22%) — 164 smolts/a:iullt (10% increase)
POOI area: 044 kmz (19%) | 619 adu|t5 (8%) |ncrease)

Chinook

All Restoration Actions

5,219 smolts (4% increase)
19.3 smolts/adult (3% increase)
271 adults (2% increase)

Figure45. Estimated change in habitat availability (upper left panel) and fish production,
freshwater productivity, and adult escapement fromlueRiver habitat restoration/reconnection
actions completed through 2015.

Ecohydrauli¢odels

Capacity is difficult to validate for species that are rare, such asliE®4 species, but if habitat
capacity is related to habitat quality, then we mayfatitl a relationship between observed

versus predicted fish density, albeit lower than a 1:1 relation&kipeported previously,dih
QRF(ISEMP/CHaMP 20152016 and NREI (Wall et al. 2015) models have shown a
relationship between observed versus ptedidish densityAll the ecohydraulianodels are
producing capacity estimates that can be used to guide restoration planning and as inputs into
LCMs.

We have developed both HSI and FIS spawner models that are automated across all CHaMP site
surveys. In addition, these models have been built for the CHaMP Workbench, allowing anyone
to quickly and easily pull CHaMP data and run the models for project gpexifluations. These
models are also being used to help identify configurations of geomorphic unit types that can be
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obtained from reach typing and therefore estimated across a stream network that best support
redd constructiordSI and FISmodels have mven useful for predicting spawning habitat
capacity for adult¢e.g., Figure 456

Clear Creek

John Day Basin, OR John Day Basin, OR

y ' A
// Mainstem MF John Day

Suitability
High : 1.0

S Low: 0.0

@ Redd with 6.8 m Buffer

0 10 20 30 40 50 Meters 0 10 20 30 40 50 Meters

Figure46. Comparison of FIS Chinook spawner habitat suitability predictions and observed
habitat us€2013 and 2014 spawning events, combinedjWo CHaMP sites within the John
Day River Basin, Oregon (Redd locatidnsm Bare et al. 2016

QRF

A QRF model has been developed for Chinook based on select CHaMP metrics to estichate
capacity (Table 3) andsummer parr rearing capacity (Tabk.IWork is ongoing to develop
similar models for steelhead.

Table13. Habitat covariates selected for the 2017 Chinook salmon redd capacity QRF model.

Metric Description

Average annual discharge (cfs). Mean daily flow, averaged over a year, calculated
MeanU the FLOWS model network.
http://www.fs.fed.us/rm/boise/AWAE/projects/Spatial Sidatworks.shtml

Elev_M Elevation (m)

Disturbance index including % urban, % agricultural, % impervious surface, and ra
density

Maximum of 8day mean temperatures for the period of 08/03/14. Averaged acros:
20117 2014

SubEstGrvl Percent of coarse and fine gravel (84 mm) within the wetted site area

DistPrinl

Mx8dMean0813_0914
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Table14. CHaMP labitat metrics includiin thesummer Chinoolparr rearing capacity QRF
model.

Metric Metric Description
Category
ChannelUnit  Slow Water Frequency Number of Slow Water/Pool channel units per 100 meters
Complexit Thalweg to Centerline Length Ratio of the thalweg (Site Length Thalweg) and wetted
plexity Ratio centerline (Site Length Wetted) lengths.
Complexit Wetted Width tdDepth Ratio  Retired. Coefficient of Variation of wetted width to depth
plexity Ccv ratios derived from crossections.
Percent of wetted area with the following types of cover:
Cover Fish Cover: Total aquatic vegetation, artificial, woody debris, and terrestrial
vegetation.
Disturbance index that includes measures of % urban, %
Disturbance Disturbance Index agricultural, % impervious surface, and road density (Whit
etal. 2011)
Riparian Riparian Cover: Big Tree Percent aerial coverage from big trees (> 0.BBH) in the
canopy.
_ Bankiull Width to Depth Ratio Average width to depth ratios of the bankfull channel
Size measured from crossections. Depths represent an average
Avg .
10 depths along each cressction.
The sum of station dischargeross all stations. Station
Size Discharge discharge is calculated as depth x velocity x station incren
9 for all stations except first and last. Station discharge for fi
and last station is 0.5 x station width x depth x velocity.
Substrate Substrate: D16 Diameterof the 16" percentile particle derived from pebble
counts.
Substrate Substrate < 6mm Average percentage of pool tail substrates comprised of

sediment < 6mm.

Number of #day average of daily maximum (7dAM) values
Temperature  7dAMGtrl8 between July 1B5and August 2%that are greater than 18° C
Relates to salmon and trout rearing and migration.

Average of all hourly temperature measurements collectes
July 18"7 August 3%

Measure of cncentration of ionized materials in water, or tl
ability of water to conduct electrical current.

Temperature ~ SummerHourlyAverageTemp

WaterQuality  Conductivity

Large Wood Frequency: Number of large wood pieces per 100 meters within the

Wood Wetted wetted channel.

We havepredicedcapacity at all CHaMP sitée.g., Lemhi RiveCChinook summeparr and

Chinook redd capacityigure 4). For those CHaMP sites that have been sampled in multiple
years, we calculated the mean of the habitat metrics among years to make predictions. We used
the 90" quantile of predited fish density as a proxy for carrying capaeity for redd density

each prediction is for the 1 rkm surrounding thsite for each of 116 CHaMP sité§e can also

fit an extrapolation model using GAAs from the list of master sample sites that CHedglP si

were originally selected froo provide continuous estimates of capacity across the network

(e.q., Figure 48)
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Figure47. Predictions of carrying capacity (fishfjvand predicted redd capacitiatsall CHaMP sitesn the Lemhi River.
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Figure48. Continuous estimates of parr summer capacity (pAr(left panel) and redd capacity (redds/m) (right panel) for the Lembhi
River based on extrapolating QRF digel estimatesto areas withirthe current spring/summer Chinook range.
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NREI

The NREI model has streamlined code aad berun by experienced analysts wkay points of

user input/QAQCWe have used the model to simulate NREI and carrying capacity for 570

visits througlout all CHaMP watersheds, with at least one simulation for each CHaMP site that
has a hydraulic model solution. Reach/Msteel carrying capacities have been estimated for

spring Chinook and/or steelhegalg., Figuret9). The NREI model currently produs¢hese

estimates over the observed range throughout the CRB of drift, temperature and fish sizes so that
lookup tables can be used for various combinations of these input variables to increase flexibility
of user options.

Base flow_NoRestoration BaseFlow_Restoration

-

Medium flow_Restoration High flow_Restoration
T 2 T » 4
_— ; )
] .
‘/' ‘/ - 2 /

1 " 4 - ¥/

>~ b
. ' . _). \ - o "Q‘

Nl h =,
u *ﬁ - of 3 '\ i } ¢ A  J LF ol -

‘a3 @ 13 S Csi T 'Ga Sy

Figure49. Example output map showing the spatial distribution of NREI estinfatapring
Chinookattwo CHaMP sits on theEntiat Riveratbase flow before and after restoration actions
were implemented (top panels) and at medium agldflaws without restoration actions

(bottom panels)

We have also used these NREI models to evaluate expected and observed benefits of stream
restorationFor example, we use the model to predict the change in habitat condition and
carrying capacity of eeach after the placement of pastsisted log structusgby manipulating
thecurrent DEM of a reach derived from a CHaMP survey to match the design hypotheses of the
restoration (Wall et al. 2016)Ve also used the model to evaluate the actual chamgegear
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after the restoratioWe observe consistent patterns between expected and abseanges that
suggest that we have a good understanding of both the physical and biological responses to this

restoration approach (Figusé).
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Figure50. Spatial arrangement and magnitude of changes {postrestoration) to depth (A),
velocity (B), and NREI (C) in expected (top panel) vs. observed (lower panel) topography.

Upscaling Methodologies

Desigrbased watershed estimation
Using a @signbased, that is, a GRTS ralp, approach is statistically robust way to make
capacity esmates for a spatial region such as a watershed or valley segment within a watershed

(e.g., Figure 51).
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Figure51. Watersheescaleestimates of summéshinook and steelhead parr abundaindie
Entiat River,WA using desigrbased upscaling methodology.

We have developed regression modlets use landscape characteristcextrapolate irstream,
site-based metrics across the entire netwerpanding CHaMP and ISEMP informationai@as

not sampledSitebased CHaMP metrics are used to generate spatially continuous metric
estimates at all points along stream networksutiinout thanterior Columbia River &sin. The
network estimates are modwhsed and are being made both within current CHaMP watersheds,
as well for watersheds of management interest where CHaMP data are not being collected (e.qg.,
the South Fork Clearwatdrower Clearwater, Lolo, Lochsa, and Upper Salmon River tributaries
above Redfish Lake).

For example, we can upscale peiised Chinook carrying capacity predictions from a QRF

model made at all CHaMP sample sites using a roaletd regression approablat uses a

variety of GAAs as covariates. Predictions were made for sites spaced at ~1km throughout the
interior Columbia River Basin; these sites are called the master sample. The master sample sites
were clipped to only include those within the Chinadoknain, as defined by StreamNet. Figure

52 shows the estimates at the Columbia River Basin scale, and summaries can also be made for
individual subbasinge.g., Figures 58 55).
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Figure52. Chinook parr carrying capacity estimsfer the interior Columbia River Basin within
the Chinook domain defined by StreamN&ttay points are areas where the estimates of capacity
were beyond reasonable biological values, usually due to outlier values for one or more of the

extrapolation ceariates, omissing values
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Figure53. Chinook parr carrying capacity estimates for the Wenatchee River subbasin
Washingtonwithin the Chinook domain defined by StreamN&tay points are areas where the
estimates of capacityere beyond reasonable biological values, usually due to outlier values for
one or more of the extrapolationvawiates, omissing values
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