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Executive Summary

The purpose of thRiparian Validation Monitoring Program is to asséessalmonidresponse to
the Riparian Coservation Strategy implemented Washington State Deparént of Natural
Resources (DNRas part of the state lands Habitat Conservation Plan (H®)study goal is
to document whethdhe strategys achieving thelesired outcome of maintaining ianproving
salmonidhabitat andexpressing stable or positive effeots salmonidsThis programfulfills the

a g e n aontihualcommitment for riparian validation monitorimg the HCP

Theprogramuses observational monitoring of 50 watersheds within then@lic Experimental
State Forest (OESF) and 4 referem@gersheds the neighboring Olympic National Park to
monitor DNR type3 watersheds of the OES&S described in the monitoring study plan
(Martens 2016) As not all of the54 watershed can be samptewithin a summer20 watersheds
will be sampledannually while an additionallO to 15watershedger year will be sampled an
2 or 3 year rotationBefore sampling of the rotating panels begift-2 yearmethodology
experiments to beconductedo deermine the best method for assessagienhabitat
relationshipsAfter all watershediave initially been samplednd on a si¥/ear rotation
thereatfter, the status of salmonids on the OESFowilissessdd discover any potentiafffects
from currentDNR management practice$f anypotentialnegative effects are founan
experimental study will be explored to asstbe cause and effect relationshipstween current
DNR management, stream habitat, and salmonids.

In 2016, DNR finalized gudy plan(Martens 2016and completed the first year of field work.
Starting in Augus2016 DNR conducteanultiple-pass removal (n=17) armmbolonly (n=7)
juvenile salmonid almdance survesin the annuapanel ofsampling watersheds begin the
asseswent of OESF salmonid conditions asetermine the best method for samplimnghe
watershedsExploratory snorkel surveys weatésoconducted in the Clearwater Riwdatershed
to determine sampling sites and methods for sampling larger streams of the &ESmeasure
of adultabundancén the watershedsdultcohoredd surveys were conducted within all of the
annual watershedsom Novemberhroudh mid-January. Finally, temodek weredeveloped
and evaluatedsingthe data collected in 2015 and 2Ga6:stimate salmonid presence and
absence in all DNR typ8 watersheds to understand how the 50 O&&tersheds represent
salmonids across the entire populattdi®© ESFwatershedsThis report covers activities
performed by DNR from January through Decenf&16.

DNR sampling found wide variations in salmonid species assemblage, densities, pamdass
coho redd abundance throughout @EeSF watersheda 2016 Based on theeresults DNR

plans to:l) start theplanned sampling scheme usihg annual & a measure gfear to year
variability) and rotating panels of watersheds & measure gpatial variabiliy) using multiple
pass removal) continue ault reddmonitoringas sampled in 2018) conduct a sorkeling

effort to collect information on batsmall and large fish withitné mainstem Clearwater River
that includesa channel uniinstream woodhabitat surveyand 4)usethe bestsalmonid presence
and absence mod@ombination modeljo estimate salmonid species assemidéyeall OESF
type-3 watershedand determine how each of the 50 OESF watersheds represents the entire
population of OESF watersheds
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Introduction

The Riparian Validation Monitoring Program was designed to M&eshington State

Department of Natural ResourtcéBNR) commitmen for Riparian Validation Monitorings

described in the state lands Habitat Consawma®lan (HCP). The HCP allovisr the longterm
certainty in forest managemgptrimarily timber harvestjhrough an incidental take permit

under the Endangered Speckest (DNR 1997) The primary goal oRiparian Validation

Monitoring Programis to determine if th&Riparian Conservation Strateggymeeting the desired
outcome ofmaintaining or improving salmonid habitat and expressing stable or positive effects
onsalnonids. The objective of Validation Memi toring
effect relationships between habitat conditions resulting from implementation of the conservation
strategies and the animal populations these strategies are intendeel fo @NR 1997).

Validation Monitoring is the most complex and difficulttb&three types (implementation,
effectiveness, and validation) of monitoring requinedierthe HCP. While DNR is committed

to conduct validation monitoring on spotted owlsrbied murreletsrad salmonidsRiparian

Validation Monitoring(salmonida) is currently the only typef validation monitoring being
conducted.

Additional benefits to DNR from Riparian Validation Monitoring:

1 Increassknowledge, confidence, and flexibilitg DNR management practices

1 Provides curreninformation on salmonid conditions in the OESF that may alleviate the
perception that DNR larschre negatively impacting salmonids on the Olympic Peninsula
(Smith 2000WRIA 21 Lead entity 2011

1 Suppliesinformation for DNR models such as those used in the GESFonmental

ImpactStatemenor forest land plan that were designed to tefdture habitat

conditionsunder different management alternatives

Monitors the effects of climate change on salmonidghaPacific Northwest.

Establislesstronger relationships with naturalsource agenciedepartmentsandtribal

nations

E

This report covers activities performed by DNR from January through DecemberIRQAGL6,
the first year of monitoring under ti&parian Validation Monitoring studylgn (Martens 2016),
DNR conductedl) population surveys to determine juvenile salmonid densities (fish/m) and
biomass (g/rf) estimates il7 of the 20vatersheds from the annual panel of sis
methodology expement(year one of potentialliwo) to determinghe besapproackHor
assessing juvenile salmormgbitat relationships in tHeESFE 3) adult redd surveysand4)
snorkel surveyin the largeIDNR typel ortype-2 areaf the Clearwater River Watershebh
addition, a model was developed to predict salmonid species peeset absence for all
watersheds of the OESF.



Study Area

The OESF covera conglomeration of 270,000 acres of state lanasaged bypNR throughout
the western side of tHelympic Painsula inClallam and Jefferson countie$ Washington State
(Figure 1) It is bordered by the Pacific Ocean to the west, the Strait of Juan de Fuca to the north,
and the Olympic Mountain® the east and soutlfihe OESF experiences d@r quantities of
rainfall mostly in the springwinter, and fallwith precipitation averaging between 84 to 170
inches per yeah(tps://www.nps.gov/olym/planyourvisit/weather.hfrandsupportsa diversity

of landscapes ranging from low gradient valleys to steep mountéimglevatiors rangingrom
sealevel to 3,400 ft. OESF bress mostly containvestern hemlock mixedith someDouglas

fir and western red ceddiut alscareas ofSitka spruce near the ast and Pacific silver fir in
higher elevations. Much of tt@ESF is now dominated by younger tree stanes)(@ears old)
with patches of old growth forepteservedicross the landscape

Statelands of theOESF contain ove?,700miles of streamsicluding portions ofseveral major
rivers such aghe Queets, Clearwater, Hoh, Bogachiel, Calawah, Sol Duc, Quillayute, Dickey,
Ozette, SekiuHoko, Clallam, and PysiDNR 2013) The majority of fishbearing streasiare
classified as DNR Typ8 streamsgegments of natural waters that are not classified as Type 1 or
Type 2 wateand have a moderate to slight fish, wildlife, and humai arsg have been found

to contain summer populations of juvenile coho sal@mcorhynchukisutch) rainbow
trout/steelhea (O. mykiss) coastal cutthroat tro@®©. clarkii clarkii), lampreys(Lampetra spp.)
and/or sculpingcottus spp.; Martens 2016pther species that have been documented in the
past or are assumed to occur within the streams or lakes of the OESF isctikdgre salmon

(O. nerka), pink salmon (O. gorbuscha), chum salmon (O. keta), Chinook salmon (O.
tshawytschy bull trout (Salvelinus confluentysnountain whitefish (Prosopium williamsoni
dace (Cyprinidae spp.minnows (Phoxinus sppandsuckergCatostomus sppDNR 2013).

Study Design

Monitoring will initially follow an observatioal approachhat will assess patterns of salmonid
abundance over the e®iOESF and potentially detaoanagement practices that could be
negaively impacting salmonisl After allwatershed have been sampled at least once, and on
six-year rotations thereafter, information will be assessed to determine the newatdor
comprehensivexpermental studiesThese experimental studies, if needed, will likely be
arangedwithin or partially within the network of existing watershedis.addition,the program
will continuouslylook for opportunities either within the existing network of status and trends
watershed¢Minkova et al. 2012)DNR planned harvestor in coordinéion with other
operational studies conducted on DNR lands to add experimardas

This progranusesthe50 OESFand4 reference watersheth the Olympic National Park that
have beemnonitored as part dhe Status and Trends Monitoring of Ripar and Aquatic

Habitat progransince 201ZFigure 1;Minkova et al. 2012Minkova and Devine 2016 The 50
monitoredOESF watershedsere selectetb be representative of the OESF: a stratified random
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Figure 1 Map of the state lands of the OESF and 2016 monitoring locations

sampling approach, that designated strata accotditige median slope value in each watershed,
was applied tall type-3 watersheds in the OE$iat containedt least0 percenDNR

ownership. Fiveof thesewatershedsvere removedrom riparian validation monitoringampling

after initial samplingn 2015 (due to fish barriers or sampling difficultiesyhile one(694) was
re-added in 2016 after fish presence was discovered despite previous electrofishing efforts that
had concluded that there were no fsbsent The ®lection of thefour reference watrsheds

used different criteria: mainly ease of access and ecological conditions close to the OESF
sample. There are currently 46 OES¥atershed and 4 reference watershesed for riparian
validationmonitoring As not allwatershedsanbe monitoredvithin a year, watershedsll be




sampled on a rotating basis with 20 sites moad@nnually and the remaining 8ifes sampled
usinga two (15addiional sites) or thee year (Halditional sies) rotation, resulting iatotal of
30to 35 sites sample per year. During the firsineor two years of monitoringuvenile
salmonidsamplingwill only be conducted in the annual panel of watersheds (20) tvsong
sampling technique® determine the best method for assessing juvenile salrhabitht
relationghips. In addition, adultedd surveys will be conducted to determinerttmber ofcoho
adults spawning ithe annual panel of watersheatsd snorkel surveys will b#eveloped and
conducted ifarger portios of the Cleawater River taassess juvenile aratiult use ofarger
waters(DNR Typel or 2stream$ Finally, in 2016, DNR collaborated witthe U. S. Forest
Service Pacific Northwest Research Statmgollect water samples within a portion of the
watersheds foenvironmental DNAeDNA) analysis apart of a broader muistate
(Washington, Oregon and California) study that will help to identify most of the aquatic species
(fish, amphibians, and macroinvertebrates) in the watersheds
(https://www.fs.fed.us/pnw/lwm/aem/people/penaluna.jtml

Monitoringconducted in 2016

In 2016, juvenile sampling was designed to collect initial population levefrdat the 20
annually samplewatersheds, as well as to conduct an experiment usmgiethodologies to
describe the populations of salmomwds t hi n e ac h JuarnileSaldndd ( see
Met hodol ogy Test Fedgrewssampletliy watershedssing mltiplepass
removal electrofishing withithe previously establishddhlitat reaches(i.e., 100m to 190 i
with 7 of the watershedesampledisinga poolonly methodologydevelopedy Gresswelkt al.
(2006. A pool habitat unit is defined assébow-moving, channespanning unit with uniform
flow that would hold water if 8w were turned offHabitatreach lengtiwereeither the
equivalent of 20 bankfull width®r a minimum of 100 m long stargy above the 10§ear flood
plain of the mainstem stream into whictildws (Minkova and Devine 2016)Multiple-pass
removal sureys were conducted over the entire habitat reach with bloslplaetd at the
beginningand ends of thhabitatreaches. Baglack electrofishingvasthen conducted over the
entirehabitatreach moving from the bottoof the reach téhe topof the reactand then back
down. Theikld crew wouldrepeat each passe., bottom to top and back dowmgtween 3%
times using the charts from Conno{lj096)to ensure the required precision of the estimate.
the pootonly methodology, backpack electrofishiwgs conducted in each pool (forward and
backward pass without bloclets)starting from the mouth and moving upstremough the
entirefish-bearing distributionincluding the habitat reaciChannel unit hatat surveys were
conductedhlongside both thenultiple-pass removal and peohly methodsThese surveys
identifiedchannelunits based on the field guide of Minkova and Vorwerk (2015) and mehsure
each unit for length (m), wetted dth (m), average depth (cr@ndmaximum depth (cm) and
visually estmatedfish habitat withineach poalln addition to the work outlined in the study
plan, DNR filtered water samples from 14 of the watersheds as part of a collaboratitrewith
U. S. Forest Service Pacific Northwest Research Stadia@DNA analysis
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Adult coho redd surveys were conducted in all of the 20 anpaunadl watersheda which
juvenile coho were found durirgamplingin 2015(Martens 2016pr 2016as a measure of adult
abundance within the watershed3urveys were initiated during the firsegk of November and
lasted tihough midJanuary followinghe methods fromiVashington Department of Fish and
Wildlife. Each stream was suneythree timesonce each in November, Decemlzerd
January

Downstream sorkel surveys were conductedtire largerwaters(DNR typel or 2)of the

Clearwater RiveWatershegin which two snorkelers swam side by side following the methods
of Thurow (1994) The goal othe surveysvas to count larger fish (>200 mm) and get a relative
abundance of smaller fish ihd larger streams and rivers of the OESF that are not accounted for
within the 50 OESINR type-3 watershedsExploratory snorkeling surys found that access

to portionsof the ClearwateRiver Watershed was difficult. As a resuily three ikilomete
sections (one in the Snahapish River, and two in the upper portionsmoéitetemClearwater

River, Figure ) were completed in 2016This initial work was conductetb explore the
watershednd help develp a more rigorousiethod forfuture sampling.

Results

Fish abundance anddomass estimates fino multiple pass removal reveadla broad range of fish
densitiegfish/m) and biomasg$g/n?) within the OESF in 2016 (Figure.2Several smaller
watersheds (DNR typ8) locatedn the Goodman Watershagent dry inboth 2015Martens
2016)and2016 and as a result had low fish abundance and bioWasstsheds 328, 544 and
639 had relatively higher biomasgen compared to the other watershexasn though they had
low to averagdish densitiesCoho salmonvere not found irany ofthetype-3 watersheds of the
Clallam Watershedh 2016, but were found in 20Tkring exploratory samplingJuvenile
steelhead were preseintmore of thevatersheds in 2016 than in 20M8artens 2016) Data
collected from threstudiesEdie 19751 estelle1978;Martin 1985)conducted over multiple
years in thel970s or' 80sin unlogged watrshedsshowedhat theaverage juveniléish
densitiedn those studiesvere highelby 33 fish per 100 mbhan the densis that were foud in
2016 Whiledatafrom the‘70s and’80s studiegould be used agference conditions before
logging, there is aexpecation ofhigh year to year variabilitywithin salmonid metricand
several more years of sampling will be deé before any cordencewill be attainedn the
degree of salmad change®r the causes of any potentikfferences



Salmonid Abundance in OESF Watersheds (2016)
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Figure 2 Salmonid abundance and biomass estimates from OESF watersheds sampled during the 2016 field season.

Coho redd numérs were generally small (<tétal redds), with the largestumber ¢ redds

found in the Dickey Watershd&igure 3. Four watersheds in which juvenid®ho hadeen

found in either 2015 or 2016 did not contain coho redds in 2018017, redd numbswwill be

used to see if there are any correlations between coho redd numbers and juvenile fish densities.




s Coho Redds (2016)
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Figure 3 Coho redds found in OESF watersheds in 2016. NS= not surveyed

In the two mainstem Clearwater River snorkel sestjanountain whitefish, juvenile and

resident cutthroat, and juvenile and resident steelhead/rainbow tneutomed in pools when
habitat was present, especially instream wood. The Snahapish River section contained more
consistent numbers of juvenilelmmand steelhead compared to the two sections in the mainstem
Clearwater River, thougtihnesesurveys werenly designedo count thdarger resident fish and
migrating adult salmobut only therelative abundans®f smaller juvenile fish (<200 mm). No
mountain whitefish were detected in thpper portion of th&nahapish River and no bull trout
were four in either the Snahapish mainstemClearwater ivers.

Juvenile Salmonid Methodology Testing

In 2016,DNR conducted the first of potentialtwo yeas of methodology testing to determine
the best methotbr assessing juverlsalmoniehabitat relationships (Martens 2018jhe goal
of this testing waso determine 1) how poalnly sampling would estimate fish abundance and
biomasscomparedo the moreigorous multiplepass removal sampling (reach tack
comparison) and 2) hoestimates of fish densities at thabitatreach levelvould describdish
densities over the entire stream (reach to stream casopain the first comparison (reach to
reach), the toal number of fish estimated usinwultiple-pass removal surveys wesmpared to
the number of fish collected from peohly sampling within the existingabitatreachesFor the
second comparisafreach to streamjheaverage fish density frordl pools using the poebnly
methodwithin the habitatreacleswascomparedo theaveragalensity of fishin all poolsover
the entre fish-bearing distributiorfFigure 4) These comparisons weegaluated for accuracy,
thenumber of sites that coultk sampled in aeasontheamount of habitat data availatger
method andthe ability toassess juvenile salmonrithbitatcomparisons



Multiple-pass removalsal a variablepass technique {8 passes) to sarehigh precision while
limiting the number belectrofishing passes to the minimum amount needed to achieve the
required precisin. Backpack electrofishinglosely follonedthe methods outlined in Martens
and Connolly 2014). Thesesurveys were conducted oube existing habitat reachesed inthe
Status and Trends Monitoring Biparian and Aquatic Habitar&gram(Minkova and Devine
2016) The poolonly surveysstaredat the mouth of each streasamplel through @ch habitat
reach to allow fothereach to reach comparisprand continued ovehe fishbearing

distribution of the streanThis pool-only sampling wagonducted with a backpack electrofisher,
sampling every poandcascade (a high gradient [>7.5%] confined channel that often includes
small partial channedpanning pools; Montgomgand Buffington 1997), following the methods
of Gresswell et al. (2006)Channel labitat unit surveyaccompaniedboth the posbnly and
multiple-pass removal surveyd hese surveys identified habitat unitsand their dimensions
following the protocol oMinkova and Vorwerk (2017)This sampling waplannedn all 20
annualsamplingwatershed, with the understanding that it was likelybe reduced based on the
amount of time required to sample eadhtershed

Reach level estimate Continuous estimate
Fish Barrier EL Fish Barrier
A
Continuous
monitoring

Stream Reach

Figure 4 Diagram of sampling areas conducted for multiple-pass removal versus pool-only sampling.

In 2016,field crews were able to sample Watershed using multiplepass removal and 7
watershed using the poebnly method.The number of watershedvailablefor spedes
comparisonsvasfurther reduce@snot evey species was present within each of¢beparison
watersheds. Linear regressions wesed to determine the relatidmgs betweermultiple-pass
removal and poebnly samplingwithin thehabitatreachegreach to reach comparisoapdfor



poolonly sampling irthe habitatreactesto the poolonly sampling over thetreans (reach to
stream comparison)

All but one of the multiplgpass removal surveygere conducted inone day using a thrg@erson
crew(onesurvey was conducted over two days due to equipment probhlemmi) the mean
number of days teample a stream using the paolly method was 2.8 daysgith the same three
person crewthis includedwo streams that could not be finished by émel of thefield seaon).
Using athreemonth field season of ssamplingdays (assumes no holidays, meetings, required
trainings, injuries, equipment failyrer bad weathethat preventsampling July 15th to
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Figure 5 Comparison of multiple-pass removal electrofishing to pool-only sampling within 7 OESF watersheds

(reach to reach).

October 15th would allow for52 sites sampled witmultiple-pass removal surveys or §ies
sampled using thpoolonly samplingnethod(14 sites in 2016)In 2016 (Augwst through
October), the actual amount of sampling dagsereduced to 38lue to crew injuries,
equipment fdures, and bad weathepeaating undeia fourday 18hourwork week Based on



2016, wing the poebnly method and the current plah20 annual sites pluen additional 1@r
15rotatingsites @ or 3 year rotating panelvould require arouné4 or 98 days tcomplete

Results

The reach to reach comparison revealed a significant relationship (P < 0.05) for all species
except for steelhead in 20&86d for all species ithe significant requirementas relaxedo
<0.10(Figure 5. While there was a significant relationsligy mog groups poolonly sampling
collected less than 20% of the population compared to mufigds removal samplingsince

the relationshipsvere significantthere is a possibility of using multipfgass removal to expand
the pootonly data, though this wibd result in a further increase in the number of dagsired
for sampling within the limited summer field seasdrne habitateach to stream comparison
found no significant differencdsetween densities frothe habitatreach (pocbnly) to the
dersities from theentire fishbearingstream poolonly samplingjFigure §, though there were
patches of higher andwer densities througlut the stream. There were atiemps to adjust
the poolonly population numbers based differences foundbetween minods inthe reach to
reach comparison, sintiee amount of time required to complete both methods wartlder
reduce the number of watersheds sampled per year which would ultimately redaicdittht
make inferences ovéne entire OESF.

10



05 — 0.4 —
Age-0 trout Age-1 or older steelhead
L]
[ ]
04 —
0.3 +
03 —
B T o024
= =
E’ 0.2 - =
3 &
& § o1
0.1+
R*=0.987
%07 P =<0.001
0.0 4
T T T T T T ] 0.1 T T T T |
0.0 0.1 0.2 0.3 0.4 05 0.6 0.0 0.1 0.2 0.3 0.4
Stream (fish/m) Stream (fish/m)
1.0 o - 0.5 —
Age-1 or older cutthroat coho .
0.8 — 0.4 —
0.6 - 0.3
E €
< <
2 @
= 04 = 02
< <
3 &
] [}
4 @
0.2 0.1
R?=0.968
00 & * P = <0.001 00
0.2 T T T T T ] 0.1 T T T T T T T )
0.0 0.2 0.4 0.6 0.8 1.0 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Stream (fish/m) Stream (fish/m)

Figure 6 Comparison of fish densities between pool-only electrofishing over the habitat reaches to pool-only
sampling over the entire fish-bearing distribution of a stream (reach to stream).

Juvenile Salmonid Watershed Presence/Absencelslod

Sincethe 500ESF monitoringvatershedsvere selected based on tnedian watershed slope
estimates o$almonid assemblagéor every watershed within the OESF were nekeite
determine how the 5@&atershed sample represetits entirepopulation ofOESFwatershed
(243) in relation to salmonigresencer absenceAfter exploratory sampling in 201&nd
examiningpotentially usefukexisting information orspecies distribution (Intrinsic potential
modelg[IP; Burnett et al. 20074nd WDFW s  f#yed it was discovered thaxisting data
couldonly predictspecies presence and absence aré084l of the time (Figure)7

11



Furthermore, sice steelhead were found28% of thewatershed in 205, onewould expect to
find the absence of steelad in77% d the watersheds assuming that 2015 sampling was
representative of all watersheds within the OEBFth fairly low confidence irthe existing data
on ecies occurrence, improvatbdelswere needetb predict species assemblages @WESF
watersheds

IP model (high potential 1 to .75) WDFEW SaS|
100 A 100 A
80 - - 80 1
[ Found and Predicted
‘E ‘E I Not Found and Not Predicted
@ 60 1 [ Found and Predicted @ 601 =3 Found and Not Predicted
(&) B Not Found and Not Predicted 15) [ Predicted and Not Found
a [ Found and Not Predicted a
a 40 - [ Predicted and Not Found a 40
20 20
0 - T 0
Coho Steelhead Coho Steelhead Cutthroat
Average percent the model correctly Average percent the model correctly
predicted presence or absence = 54%* predicted presence or absence = 51%*

* Data was compared to fish sampling results in 2015

Figure 7 Evaluation of Intrinsic Potential (IP) model and WDFW SASI data to determine species presence and
absence in in OESF watersheds.

Using species presence and absence data from 2015 and2@1éadily availabl®NR GIS

derived metrics of watershed conditigrten potential modks were developetbr predicing

species presence and absehudividual species models were rs@paratelyor coho, cuthroat,

and steelheadl| of thesalmonids found I®ESF type3 watershedduring sampling 2015 and
2016 and species assemblage models were run for coho, cutidandagteelhead; cutthroat and
steelhead; coho and cutthroadho only and cutthroat only (the only specessemblage
combinations foundh thestreams of th©ESF).Sinceall of the models predict the probability
(0-100%) that a fish species or species assemblage occurs in a watesttedt-off level was
needed taleterminevhethera fish species wawresent or abseirt each watershed. As this eut

off is fairly arbitrary and coul change whether a species was present or not in a watershed, two
cut-off levels (50% and 75%) were evaluated (e.g. when using the 508ff cilita species had a
probability of occurrence of 49% it would be considered absent withatershed, but if the
probability of occurrence was 50% than it would be considered presésit)g the species
assemblagenethod predicion of species assemblagyeverelimited to only species assemblages
that were found I©OESFin 2015 or 201&nd may acount forpotentialimpacs thatone species
may haveon another.With the species assemblage models, the fish presence was determined by
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the model with the highest probability of occurrence (e.g. if the model of coho and cutthroat had
a higher probabilit than the model with coho, cutthroat and steelhead, than only coho and
cutthroat would be predicted to be present in the watersiedinitial list of 21 metrics was
trimmed down to 12 metrics eophysicametrics and Tand management metrics) to rene
metrics that were highly correlated (r >0.7) and therefore would have been redundant.
Geophysicametrics evaluatedthcluded area, mediamatershedlope, minimum elevation, the
number of stream nodes (intersections between two streams) within shwdfemdercentof
volcanic sedimentwhile land management metrics includpdrcentof DNR land;percentof

area harvested between 19B¥99,percenf area harvested between 20001 6,percentof

area harvest from 2012016, percentf area in long derral from harvest, road density, and the
number of road crossing&eophysicabindland management metrider each species or species
assemblage andodeltypewere selected based tre combinatiors of metrics that produced
thel owe st Ak a tiok Eritesavalue(Al©; BumdamandAnderson2003. Based on
the 10 models and the combination of geophysical (5) and land management (7) metrics
evaluated within each model, 930 potential combinations were run and evaluated for each
species and speciassemblage (8) resulting in a total of 7,440 combinations being assessed.
Accuracy of the tefinal modelsfor eachspecies or species assembléafeer the metrics of the
individual models were determinedgre then evaluatagsing leaveoneout validaton, where
each modelvasrun repeatedly leaving one data pant for each repetitiono evaluatehe
predicted result to what was found in the watershédsing leaveoneout validation eachfinal
model was run 38 timdéish data was available in 38atershedsjising 37 data points to
recreate the top modeith a differentwatershedeft outfor each rurto compare the model
prediction(for the one watershed left oug what was foundn the watershed during sampling
This allowed the modéb be evluatedover all 38 watersheds without collecting any new data.

Models

1 Model 1 (ndividual, Logistic, 50% probabilitygeophysicametric9 — Independent
species logistic regression modelsngsonly watershed metriegith a greater than 50%
chance of oaarrence

1 Model 2 (ndividual, Logistic, 75% probability, geophysicametric9 — Independent
species logistic regressiomodels using only watershed metnggh a greater than 75%
chance of occurrence

1 Model 3 (Asemblage, bgistic, geophysicametricg — Fish assemblage logistic
regressiomrmodels using only watershed metrittse model with the highest chance of
occurrence was selected

1 Model 4 (Indvidual, Logistic, 50% probability,all metric§ — Independent species
logisticregression models using all meswith a greater than 50% chance of occurrence

1 Model 5 (Indvidual, Logistic, 75% probability,all metricg — Independent species
logistic regrasion models using all metriesth a greater than 75% chance of occurrence

1 Model 6 (Asemblage, bgistic, all metricg — Fish assemblage logistic regression models
using all variables, the model with the highest chance of occurrence was selected
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1 Model 7 (Individual ANN, 50% probability,geophysicametric9 - Independent artificial
neural network models ugg orly watershed metricwith a greater than 50% chance of
occurrence

1 Model 8 (Asemblage ANN, geophysicametricg — Fish assemblage artificial neural
network models usg only watershed metricthe model with the highest chance of
occurrence was selected

1 Model 9 (Indvidual, ANN, 50% probability, all metricg — Independent species artificial
neural network using all variables with a greater than 50% chance of occurrence

1 Model 10 (Asemblage ANN, all metricg — Fish assemblage artificial neuraltwerk
modds using all metricsthe model with the highest chance of occurrence was selected

Results

All ten models estimated species presamcabsence correctly in over %2of the watersheds

(Tablel). Model 1was themost accurate modé&r determiningcohopresence or absence

(82%). Cutthroat presence or absence was highest in models 3, §9&86)8 Model 8 was
determned to be théestof the threemodelsin predicting both presence and absence of

cutthroat, while models 3 and 6 could ophgdict presnce. Model 8 was also the best model

(77%) for predicting steelhead presence and abséhm@ating a final combination model using
model 1 for coho and model 8 for cutthroat and steelhead resulted in an average of 84% success
in predcting speciegpresace or absence usitgpve-oneout validation (Figure 8 and Figurg. 9

Table 1. The percent of thetimethateatbhd el correctly predi
or absence in OESF watersheds based on-easeout model validation.

Model Coho Cutthroat Steelhead Average
1 82% 91% 72% 81%
2 70% 88% 70% 76%
3 74% 93% 65% 78%
4 81% 91% 70% 81%
5 81% 88% 70% 76%
6 70% 93% 65% 82%
7 74% 90% 68% 7%
8 77% 93% 77% 82%
9 74% 88% 69% 77%
10 65% 88% 63% 74%
Combination 82% 93% 77% 84%
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Figure 8 Leave one out validation of the combination model for determining species presence and absence in OESF
watersheds.

After model evaluation, odels thatised &50% probability of occurrenaaut-off for predicting
presence and absengereeither more accurate or equalhe modelghat used >75%

probability of occurrenceut-off. The pecies assemblageodelsversegheindividual species

models produced mixed results between the watersheds, though using the highest probability of
occurrencéetween all possible species assemblégmscies assemblage method) may be better
than trying to determine gpecific cutoff (e.g. >50 or >75%\)vhendeterminng presence or

absence (indidual species modelsYhere were no clear advantagesisinglogistic regression

or ANN, with the best coho model using logistic regression and the best cutthroat and steelhead
models using ANN. Model accuracy folved the percentage of species found within the
watersheds (cutthroat = 82% of watersheds, coho = 62% of watersheds, and steelhead = 23% of
watersheds) in 2015, as tlubat were the most often presspecies in the OESF followed by

coho and then steellskaAs such, it was easier to predict steelhead absence and cutthroat
presence, stesteelhead absence and cutthroat preseecelikelier to occurin each

watershed
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Legend
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|__| Coho, Cutthroat, Steelhead
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Figure 9 Map of expected fish species assemblages in DNR type-3 watersheds in the OESF with >50% state lands
using the combination model.

Discussioand Recommendatiorfer 2017

Discussion

In 2016 DNR samplingfoundwide variations in salmonid species assemblage, densities,
biomass, and coho redd abundanadiw OESF watershedsAge-1 or older steelhead and
cutthroat densities were lower than the densities ofageut in all but one of thevatershed.

Si

nce

steel head and

cut t leyspeadtwotygamndasrhahyyas d o n

severnyears,n freshwate(Wydoski and Whitney 2003; Peven et al. 1934is couldbe an

indication of awithin watershednigrationsometime afte

t he

fi

s h’

S

ni- i

3 watershed Thispotentiallymay bedue to a lack of winter habitdow year to year survival,
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or a combination of bothit is currently unknown what the cause of this reduction is or whether
an earlymigration would result in lower or higher adult returdsfew DNR type 3 watersheds
within the Goodman Watershdthve gone iy two years in a row either forcing fish movement
or reducing survival of salmonidgthin thesewatershedsOverall,juvenile fish densities found
in 2016(n=17) were lower by 33 fish per 100 mcompared tsimilar sized unlogged
watersheds (n=4tudeed for2-3years n t he 19 TEdie W75aLestelle8D78; Martin
1985. Watershedsvill be monitorednto thefuture to se if these preliminary observatioase
part ofa larger patterror aredue toexpected high levels of year to yeand sie variability
typically found withsalmonids It will take time to effectively assess the current condition of
salmonids on DNR land in the OESF and a much larger timeframe (>10 yedistjrtguish
effects ofcurrent DNR management practices frimapotential lageffects of pasinanagement
practices climate changeor otrerforcessuch as ocean conditioasd fish harvesbutside of
state land

Initial juvenile methodology testing found that pawily sampling would take 2.8 times as many
days as naltiple-pass removal per watershed. In addition, whileHonly sampling was
significantly correlated with multipkpass removal populatiastimates, it producddss than
20% of theamount of fish when compared with the population estimate from nedttgss
removal Initial results found a strong relationsliipfish density estimates from samplimgthe
habitatreaclesnearthe mouthof streamsompared to sampling over the entire fisaring
portion of the watershedPue to the amount of timeqaired to conduct poadinly sampling,
the low percentage of fish collect, and the relationshiyetween streardensity estimates tine
habitatreach densitestimates, DNR will sample allatershed using multiplepass removal
electrofishing within the &bitat reaches. In atidn, DNR mayattempt toconduct singlepass
electrofishingwithout block netsn upstream reaches to better understanditudinal
differences in fish densitiagithin streamsetween year§f timing allows).

TheRiparian Validaibn Monitoring Rogram plans to uske combination presence and absence
modelsince it wasable topredictspecies presence or absence in 84% of the tesed on
leaveoneout validation. This model will be used to predict species occurfentee tdal
populationof thewatershedsvithin the OESF. If time permitsandomly selected watersheds
outside of the 50 OESF monitoring watersheds will be sampled to further validatettel.

Since the watersheds were originally selected basadhabitaimetric(median slopeMinkova

et al. 2012gand not based on tlish speciesr species assemblagesind inthe watershes) the
current allocation of watersheds may be dabeed for sampling the fish spec@the OESF
which could result irtertain speesbeingundersampledor not sampledyvithin the current
sampling schem@&:his modelwill help to identify the degree to whiaidividual watershesl
representhe entire population of watersheds across the GE8veigh eactwatershed based
on how it epresentshe entire population of watersheds in the OETRese weights can be used
to extrapolate information collected from the 50 watersheds to the entire population of
watershedslf a portionof OESFwatersheds are noépresentedr areunderrepreentedn the
currentsample of 50newwatershedsnaybe addedo the sample thetter represent the
watersheds of the OESF.
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Recommendationf®r the Riparian Validation Monitoring Program

T
T

= =4

Beginsampling in midJuly rather than early August to take adtage of better weather
conditions to ensure a longsampling season.

Continuewith the planned sampling scheme using anrfaala measure of yetr year
variability) and rotatingpanels ofvatershed¢to increasesample size and thyg®wer to
capturespatial variability).

Add watershed 694 back in to the samplivegersheddased on finding that salmonids
were in the watershed

Continue with existing redd surveys

Concentrate snorkeling efforts on a larger reach within the mainstem CledRiater
recording both counts of large and small fishd use a third volunteer to take individual
channel unit habitat measurements and count instream wood

End the methodology sampling experimafier the summer of 20186d start sampling
of the raating panksin 2017

Use the combination presence and absence model to predict species assemblage for all
DNR type3 OESF waterslus If time allows sample OESF watershedstside of the

50 study watershed samptefurther validatehe model.
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