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Executive Summary

The purpose of theaus andrendsmonitoringof riparian and aquatic habitattime Olympic
Experimental State Fore€DESF) is tadocumenthanges over time of both riparian anestream
conditionsin basirs managed for tirber, wildlife habitat and other ecosystem valbg$Vashington

State Department of Natural Resources (DNRe management of aquatic resources on the OESF

is based on the working hypothesis that the natural processes of ecological succession and
disturbarce will continue to improve habitat conditions in managed forests. These assumptions have
been quantified through time habitat projections used in tdevelopment of th©ESF Forest

Land Plan (DNR 2013)nformation from this monitoring will allowestng these assumptions and

will reduce key uncertainties about ecological relationships betwestream, ripariajand upland

areas

When integrated with information on management activities in the QtE&IFesults from this
project will help makenferences about management effects on hahédtectiveness monitoring
required by thestate trust landslabitat Conservation PlaDNR 1997%) and will characterize
baseline habitat conditiorisr future study of fish responge managed landscapes (validatio
monitoring required by thstate trust landslabitat Conservation PIJDNR 1997).

This reportcoversthep r o0 j seaond@ar (November 1, 2012 October 31,2013 he pr oj ec't
study plan (Minkova et al. 2012) and the figstar establishment regdMinkova and Vorwerk
2012) are available ahe DNR website at

http://www.dnr.wa.gov/ResearchScience/Topics/TrustLandsHCP/Pages/Im_hcp_oesf main.aspx

Five main goals weraccomplished durinthereporting periodl) re-allocation of sample basins; 2)
development ofmonitoringprotocols;3) refinement offield procedures4) installation ofmonitoring
equipment; an&) beginning ofprotocolimplementaton.

Reallocation of sample basins

The sample of 50 basins selected for monitoring in the OESF in 2012 was reviewed by a statistician
from USDA Forest Service Pacific Northwest Research Station (PilEiVgpresentativeness and

bias Based on reacdmmendationiarel the freld econnaissance information from 2012,
the allocation of samplbasinsvas revised to betteharacterize the underrepresemedhern part

of the study arealensample basins from trseuthern portion of the OESkere relocted to the

north, whichincludeddelineatng and permanently marking the new sample reaches, and moving the
water and air temperature data loggers that were installed the previous year.

Developmenbf monitoring protocols

Monitoring protocols foreighthabitat attributegstream temperatur@-streamlarge wood, stream
shade, channel morphology, coarse channel substrate, stream discharge, habaatichasnel

and valley classificationjeredevelopedand peefreviewed in May 2013The remaining two
protocolsidentified in the study plamicroclimate and riparian vegetation) are under development.
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Refinement of field procedures

The project team refined the field procedureshierightpeerreviewed protocols and trained the

field crewsin July 2013. The main changes included repositigrof some water temperature data
loggers, changing the recording intervals of the water and air data loggers, and reducing the number
of cross sections per sample reach.

Installation of monitoring equipment

Fourtteenof the 50 OESKBamplebasins vereselected fomonitoring stream discharg8treamgage
stationswereinstalledin thesebasinsncluding a staff gageacontinuously recordingvaterlevel
gage withair and water pressure transdsc@and a benchmarbBischarge measurementgre
initiatedand will continue througho@014in order to build rating curvesglationshig between
stage and dischargén the futuretheserating curves wilbe used to obtaimformation on stream
discharge by measuring grthe water level.

Ten basinsvere selectefbr monitoiing microclimatein the riparian areagight of these basinalso
have stream gage statioisvo transects, eaatontaining5 air temperature and humiditiata
loggers, were installed in each seledbedinandthe continuously recording sensors were launched
in September 2013.

Field sampling

Field sampling of physicatreamhabitatattributeswas completed 10 basinsThis included
stream gradient, confinemestnuosity in-streamlarge wood, halat units channel and valley
classifcation,bankfull width bankfull depth, coarse substratand shade

Data management

Data management in 28tonsisted of organizing the fietdconnaissance databagmcessing of

GPS points in ArcGlSdevelopingS Access databases for the hydrology and stream temperature
dataand entering the other field dataariExcel spreadsheet®NR funding fora dataspecialistvas
secured and the pasih is expected to be filled in 2014.

Collaboration, funding, and outreah

Themonitoringwork was conducted by DNR in collaboration with PNW. The3fxbject team
included eight researcheffsur scientifictechniciansand one interfrom the Evergreen State
College

Thesecond yeaof this project was funded by DNR, wittr-kind contributions of egjpment and
staff time by PNW

The project teangaveseveral presentations external partiesvith the purposef introducingthe
project, reporhg on theaccomplishedvork, andsoliciting interest from potential research
collaboratorsProject updates are postedtbe DNR website at
http://www.dnr.wa.gov/ResearchScience/Topics/TrustLandsHCP/Pages/Im_hcp_oesf_main.aspx

Next year, theprojectteam will continue to explore opportunities for partnerships with other
organizationswill finalize and publish alinonitoringprotocols, will continue the field sampling
will explore available operational records and remote sensitegfdr characterization of
management and natural disturbances in the sample basihwijll start data analyses
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Introduction

DNR hasidentified statusnd trends monitoring of riparian and aquatic habitat in the Olympic
Experimental State Forest (OESF) as a high priority projés.project will provide empirical data
on current and future igtream and riparian conditions, with the goal of reducingukeertainties
around the integration of habitat conservation and revenue produldtiemformation will be used
to assess the habitat projections used in the OESF Forest Land Plan (DNR 2013¢stnd to
assumptionsibout ecological relationships betwaa-stream, riparian, and upland conditiptigis
improving DNRS ®rest management planning/hen integrated with information on management
activities in the OESF, the results from this project will help make inferences about management
effects on habita(effectiveness monitoring required by #tate trust landslabitat Conservation
Plan (DNR 1997)) and wiltharacterize baseline habitat conditionsfiure study of fish response
in managed landscapes (validation monitoneguired by thetate trustandsHabita Conservation
Plan (DNR 1997)).

DNR developed a draft study plan for this project in 2011, contracted externaépiesv later that
year, and published h e p rstady glan in @12 (Minkova et al. 201P)NR providedproject
fundingfor the period 20122015 and is expected tontinue to fund the project in the lotgym (at
least 10 years)The USDA Forest Service Pacific Northwest Research Station (PNW) joined as a
research collaborator in the summer of 2012 contributing scientifergésgfunding and field

staff. The first year of implementation included identification of sample basins, delineation and
permanent marking of sample reactaed] initialfield characterization of the sample sit€éhese
activities are described in t2@12establishmenteport (Minkova and Vorwerk 2013).

This establishmenteport covers the period November 1, 201Qctober 31, 2013Five main goals
wereaccomplished durinthe projecH second year: Ile-allocation of sample basins; 2)
development ofmonitoringprotocols;3) refinement offield procedures4) installation ofmonitoring
equipment; an&) beginning ofprotocolimplementation.

Reallocation ofSample Basins

After GIS and field reconnaissance of the sample baésatsvereidentified in he study plan, the

projectteam delineated and marked 50 sample reaohtee OESF and 4 reference reaches in the

Olympic National Park in 201@linkovaet al. 2012Minkova and Vorwerk 2013)n May 2013, the

research team consulted statisticianto asses he val i dity of the study?o

team was seeking answers to the followdggstions:

1. Is the process of identifyinpe sampling frame statistically sound and consistent thigstated
objectives and monitoring questions?
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2. Is it acceptable to use a hydrological basin around Type 3 straarasample unio
characterize the riparian and aquatic conditions across theZOESF

3. Is it acceptable to have the aquatic and riparian status of the Type 3 basin characterized by the
mostdownstream section of the Type 3 stream and the adjacent riparian area?

4. Can we reduce the number of sample basins down from 50?

5. Is the allocation of sampling units statistically sound?

Statistical review at the start aproject is importanto ensurghat data are sufficient tiraw the
conclusions neededr. Ashley Steelastatistician at PNW, reviewed the sampling desmgdune
2013and provided several recommendations in orderdease the scope of inference and to avoid
potential bias in thallocation of the samplbasins.

Following the review recommendations, the team modified the selection of sample basins (the

process is described Appendix ). This required the folloimg adjustments in the field:

1 Ten new basins were added in 2013 &@dbasins from the 2012 set were decommissiofiee
change ensures a better characterization of the previously underrepresented northern part of the
OESF and increases the scope of inference by includlitng sampling framéhe full range of
basin sizs, the lpaidedstream reaches, and stream reaches without;pools

1 All newly selected basins were visited, described, and marked according to the 2012 field
procedure;

1 Five basins (489, 604, 649, 659, and 663) were excluded upon field visits either lteeause
stream was not type 3 for the entire duration of the sample reach or the channel was dry (no
surface flow for 200 m above the basin oytl&hey were replaced with basins that were next in
a randomly generated list of basins based on a stratificetleme recommended by the
statistician.

1 All temperature data loggers, flagging, tags, and plastic caps were removed from the
decommissioned basins. Reference Point rebars, nails in trees, and paint were removed whenever
possible.

U 2013 AccomplishmentTen new basins were added to the sample in 2013 and 10 basins
from the 2012 set were decommissionddefer to Appendix1).

The final set of monitored basins in the GES presenteth Figurel.

! Thesmallest fish bearing streams identified through biological criterion (fish presence) or through physical criteria (a
stream O 2 ft (0.7 m) wide and 0O16% gradient for basin:
basins larger than 50 ac (20 ha)). Type8strms can be consi dered Iadesseeays. equi va
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Figurel. Map of the study area with 50 sample basins located in the OESF and 4 reference basins located
in the Olympic National Park.
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Developmenand Reviewof Monitoring
Protocols

The DNR/PNWresearch team hetdreemeetings in March and Aprild23 to determine what
monitoringprotocols were needed to meet the objectives of the project. The discussed topics
includedselection ofmetricsand indicatorsavailable information sourcesampling procedures,
field techniques, labor intensity, equipnhenst,sharing of datéetween agencies, time constraints,
and dependencies between the protoddis. group agreed on a common template and each
researcher was assigned protocols to develop.

By May 2013, ght draft protocols were developed. Two monigrprotocols remain to be

developed: riparian microclimate and riparian vegetatafer toTablelf or t he pr ot oco

Tablel. Status of themonitoring protocols

# Protocol Title Author * Status

1 | Stream Temperature | Alex Foster draft was peer reviewed; the final is under
development, expected publication in May 201

2 | In-Stream Large Wood | Alex Foster draft was peer reviewed; the final is under
development, expected publicationiay 2014

3 | Stream Shade Jeff Ricklefs draft was peer reviewed; the final is under
development, expected publication in May 201

4 | Stream Discharge Jeff Ricklefs draft was peer reviewed; the final is under
(draft), Rachel developmentvith major additions on field
LovellFord (final) | procedures and data managemerpected
publication in May 2014

5 | Coarse Channel Scott Horton draft was peer reviewed; the final is under
Substrate development, expected publication in May 201

6 | StreamHabitat Units TeodoraMinkova | draft was peer reviewed; the final is under
development, expected publication in May 201

7 | Classification of Valleg | Teodora Minkova| draft was peer reviewed; the final is under
and Channel Reaches development, expected publication in May 201,

8 | Stream Morphology Teodora Minkova| draft was peer reviewed; the final is under
development, expected publication in May 201,

9 | Riparian Microclimate | Richard Bigley | under development, draft expectedspring2014

10 | Riparian Vegetation Richard Bigley | under development, draft expectedspring2014

*Refer toTable 4 forthd dzi K2 NB Q F FFAEALFIGA2Y YR NRBEtS Ay (KAa
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The drafts of the protocols were reviewed by PNW statistician Dr. Ashley Steel and PNW fish
biologist Dr. Rebecca Flitcroft. The protosod r evi ews f ocused on three
1. Are the selected monitoring indicators, metrics, and measurements suitable to characterize the
status and trersbf riparian and aquatic habitat across the OESF?
2. Are the field procedures described in the prote@ppropriate to collect data for calculation of
the identified metrics?
3. Is the sampling frequency appropriate for our monitoring questions and limited budget?

The research team met with the reviewers to discuss the review findings and recommerutations f
improvement. To continue the discussion using field examples, a field tour with teeeviook
place in August 2013.

U 2013 AccomplishmentEight of the ten monitoring protocols identified in the study
plan were developed and peer reviewed.

Refinementof Field Procedure

In Juneand July2013, theDNR/PNWresearch team refined the field procedures described in the

draft monitoringprotoc ol s. The recommendations from the p
tests, and additional literature rews were taken into consideration. The more significant changes

are listed below.

Number of cross sectionBhe number o€ross sections within a sample reach was lowered from 11

to 6 to reduce the finscale measurementsjch as repeated measurementstrgfam width.
According to the protocol 6s revi evyhightthe ori gi
accurately calculate the stream morphology mean and median metrics fogdmngomparisons.

Substrate sampling intensityhe research teadecded that the number of sampled coarse substrate
particles which will be taken at the 6 cross sections, should not be reduced from the original
protocol because of the expected high variability in substrate particle size. Therefore, substrate
particles wil be collected at 21 stations across each of the 6 cross sections ingteHdl sthtions
across the originally envisioned 11 cross sections.

Procedure formeasuringchannel gradientThe channel gradient, which is measured through
differences in elew#on between cross sections, will be sampled with an autodedestadia rod.

An alternative methodf sampling with laser rangefinder and stadia rod regescted because the
appropriate mount and other hardware for the laser rangefinder were not asadéple.

Procedure for measuringhannel depthTwo methods for measuring the channel depth were
selectedFor streams narrower than 5 m at bankfull, the channel depth will be measured directly
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with astadia rod. For streams wider than 5 m at bankfililefe he tape stretched between the
bankfull stages on the opposite banks is expected to sag), the channel depth will be measamed with
auto level and stadia rod.

Procedure for measurinign-streamlarge wood The field procedure for sampling-streamlarge

wood wasmodified from the Timber Fish and Wildlife (TFW) protocol (Schudtmes 1999) to

better meet the objectives of our stahd the layout of the sample reach@&ke exact position of
eachLWD piece relative to the start of the sample reaithnot be recorded; the position relative to

each channeadrosssectionwill be recorded instead. Further modifications of the field procedure
were considered (e.g. not measuring theologsb®é
large) Thee modificationd ol | ow t he reviewerds recommendat.
at the sample reach levé@he projecresearchieam decidetb not implementhemat this stagand

to revisit the topic after analyzing the first set of large woody deldlata.

Locationand recording interval of ater temperaturelataloggers: The continuously recording

stream temperature data loggers were examined for physical changes or damage from the winter
flows and repositioned as needed. Many were moved oltirng@ pools where turbulence during

high flows can be extreme. The recording intervals of stream temperature data loggers and the
nearby air data loggers were changed from 80 min to 60 min for easier calculation of daily metrics
and for consistency with leér regional protocols.

Procedure for measuringgak flow The method for detecting annual peak flewith Velcro strips
was tested in 2012 in 8 basifMinkova and Vorwerk 2013)lhe check of the sampling stations in
springdeemedhis methodmpracticalandinaccurateThe installations were removed atie
research teamlecdedto install gage stations instead.

Procedures for measuring stream dischargke field procedures for taking stream discharge

measurementwill follow the USGS protocolTurnipsed et al. 201pwith some modificatioadue
to the sitgphysicallimitations (e.g.very small streamsnd budgetary restrictionElementsof the

protocol thadiffer are less stable benchmarks and cheaper gages.

In addition to already developed protts;dhe research team decidedestablish a permanent

stationto takephotos of each sample reach over the monitoring period. The value of this qualitative
information is mainly in visually illustrating the seasonal dynamics andtleimg changes in the
monitored attributes.

Procedures for classifying channel types and habitatuits: r educe t he observel
classifying habitat units and channel types and to speed up the identification process, the team
developed a field guidaevhich included photos,channelschematicsandstream typedcomparison
table(refer toAppendix5)

U 2013 Accomplishmentfield procedures were refined for 8 of the 10 monitoring
protocols identified in the study plan.
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Field Training

After the field procedures werefiged, thescientifictechnicians were trained how to implement the
eightpeerreviewed monitoringprotocols.lt is known that the differences in field measurements
introduced by different observers can be considerable (Roper et. al 2010). To rechoar the
introduced by different field crewand to increase the consistency of measurenaentsssample
sites,each of the two field crews was assigned protocols to implement for the duration of the field
season.

One field crew of two techniciangas trained tamplement the protocols on stream morphology,
streamshadegcoarse channelubstratein-streamarge wood, habitat units, amttanneland valley
classification. This field crew also installdte cross sections arttle permanent photo statisnThe

same crewvas tasked with recording the elevation of the reference pointavésourcegrade GPS

unit and collecting GPS points at the beginning and the end of the sample reach for calculating the
sinuosity

A second field crew was trainedassessing theamplereach suitability for installing a stream gage
installing gage stations, taking stream flow measurements and downloading water level data. Later
in the season, the sameewwas trained in installing microclimate transects and installing the
microclimatedata loggers.

At the end of the field season, adlientifictechnicians and two of the researchers were trained in
taking stream flow measurements and downloading water levelldasawas done to ensure that
there is enough qualified staff to collect hydy datahoughthe winterseason

To further ensure consistency in the data collecboetechnicianin each teamvas designated to
make fAthe final call 6 on somet i metypeandlodatorc t i v e
of the bankful stage

U 2013 Accomplishmentfour scientific technicians were trained to implement eight
aquatic monitoring protocols.

Implementation oMonitoring Protocols

LAYOUT OF THE SAMPLE REACHES

Most permanent field installations for the study have bésred in the sample reaches in 2012 and
2013. The layout of a sample reach is illustrateldigure2. The protocols for vstream large wood,
habitat units, and valley amthannekype classification, which require continuous survey along the
sample reachare nodepicted in Figure.2
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sample Reach (A thI'OUgh F2>100 m) Channel cross-sections (A-F) spaced at

5 equal intervals along the sample
reach; monumented with rebar above

Microclimate Protocol bankful stage

[l Microclimate transects with 5 air/humidity loggers at two
cross sections

Stream Substrate Protocol

1 Substrate particles size and embeddedness measured at 20
equally-spaced intervals at each cross section

Stream Shade Protocol

E] Stream shade measured using
hemispherical photos of the canopy
taken at the central line of the
stream at each cross section

Stream Discharge Protocol

3 Stream gage station with staff
gage, barologger, and levelogger

Stream Temperature Protocol

H One air and one water temperature
logger

Stream Morphology Protocol

Reference [@ Bankfull width measured at each cross section

point (RP)

Valley width measured at cross sections A, C, and F;
channel confinement calculated using valley width and

bankfull width measured at cross sections A, C, and F only

] Bank-full depth measured at 10 equally-spaced intervals
in each cross section

y El Level survey from RP (known elevation) to the first cross
------ i section to obtain elevation difference and azimuth from RP

-

-
-

-

] Stream gradient measured as difference in elevation
between two consecutive cross sections, then summed for
the entire reach

-7
-
-
-
G
.
-
L
———
-

[l Reach length summed from stream lengths along the
thalweg between each cross section

Percent of actively eroding bank measured on both banks
throughout sample reach

Figure2. Layout of a sample reach
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The field work completed during the reporting period is described in the sections below. Refer to
Appendix 2 for the list of protocols accomplished in each b&satails of all field pocedures can

be found in thenonitoringprotocols(Minkova and Foste(Eds.) in prep). Refer toAppendix4 for

field data formaused for each protocol.

ESTABLISHMENT OF PERMANENT CROSS SECTIONS

Thestart of each sample reaslas marked during the 201i2ld reconnaissancd@his point was
identified to be the closest to the outlet of the Type 3 basin but above tlyediOloodplain of the
main stream into which the sample stream drddeder tothep r o j estallishraent report
(Minkova and Vorwerk @13) for detailof the field procedure§ he length of the sample reach was
determined as 20 times tharkfull width at the beginning of the reach or at least 100 méeTéues.
length of the sample reach was measured along the thabirega meter tapeSix cross sections
were identified afive equallyspaced intervals along the sample reathe cross sections were
permanently marked with rebar installed on both banks slightly above the bankfulistbigdeled
A-F (Figures3 and4)

| -
f\ Cross section rebar monuments / T

Bankfull width

ﬁ Bankfull stage

Wetted width

&[ Wetted edge

Stream

Figure3. Hements of a streamcross section
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Figure4. Exampleof acrosssection.

Occasionally logjamssevere undercutsr other obstructions covealthe stream channel making it
impossible to establish a cross section imatte accuratbankfullmeasurementsn all casesthe
obstructionwas small and bloadonly one cross sectioap he cross sectiowas movedo the
nearest suitable location and a comnveas maden the field form.Care was taken not to mottee
cross section more than 4 meterstogamor downstream.

U 2013 AccomplishmentCross sections have been installed 26 basins (refer to
Appendix 2).

ELEVATION M EASUREMENT OF REFERENCE POINTS

Reference point coordinates and elevations (X, y, and z data) were recorded using a resource grade
GPS(Trimble Pro XT, Trimble Pro XHor Trimble Juno)A newArcPad layewascreatedo

record the datand the antennéekeightabovethe groundwhich was programmed into tHePS

unit. Theelevation 6 the groundat the reference poimtas therrecorded lg standing directly over

thetop of the reference point reb@igure5). Eachcollectedpoint was &eragedor at least 56300
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points depending on satellite availabilitgll GPS data was differentially correctiedck at the
office using Trimble Pathfinder Office

The reference point elevation will be useabaracterize the sample reaches in general terms (e.g.
determining what elevation zone yhare in). The reference point will be usedalsenchmark for all
vertical measurements of attributes within the sample rétmhever, br these relations the
reference point can lassignedh value of 0, the actual elevatimnot needd Thecalculaton of

other points within the sample reacHative tothe referene pointwill be doneby differential
levelingusing an autéevel and stadia ro(see the section Channel Gradient below)

Figure5. Usinga GPS unit to measure reference point elevation.

U 2013 AccomplishmentReference Point elevation data has lea collected in 44 basins
(refer to Appendix 2).

CHANNEL MORPHOLOGY

The channel morphology protocol (Minkova and Foster (Eds.) in prep.) includes several elements:
gradient, sinuosity, width and depth. The protocol implementation for each element iisedieisca
separate section below.
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CHANNEL GRADIENT

The channel gradiedr a sample reach will be calculatedm the differences in elevation between

the 6 cross sectioraongthe samplereach The gradienbf the sample reach ealculatedas total

rise (vertical change) divided by total run (horizontal distariday method was chosen because it

is more precise than measuring the gradient with a clinometer and thus better suites the objective of
this study- detecting change in chaal gradient ovetime. Thefield measurments were done with

an autdevel, tripod, and stadia rd#Figure 6)following the protocol oHarrelson et al1994.

A compass was used to take an azimuth readdhgdencross sectios These azimuth
measurementwill be usedto produce a plan viemapof the sample reach.

The channel gradient and a longitudinal profdeaphic presentation of elevation vs. distarafehe
sample reaches will be calculated in the office.

Figure6. Using an autdevel and stadia rod to masure stream gradient.

U 2013 AccomplishmentElevation differences have been measured in 10 basins (refer
to Appendix 2). The channel gradients were calculated and
the longitudinal profiles were created for the 10 sample
reaches.
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