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Washington State Forest Practices Adaptive Management Program

The Washington State Forest Practices Board (FPB) has established an Adaptive Management
Program (AMP) by rule in accordance with the Forests & Fish Report (FFR) and subsequent
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guidance for aquatic resources to achieve resource goals and objectives. The
board may also use this program to adjust otheeswdnd guidancéForest
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To provide the science needed to support adaptive management, the FPB established the
Cooperative Monitoring, Evaluation and Research (CMER) committee as a participant in the
program. The FPBmpowered CMER to conduct research, effectiveness monitoring, and
validation monitoring in accordance with WAC 222-045 and Board Manual Section 22.

Report Type and Disclaimer

This technical report contains scientific information from research or ororgtstudies that are
designed to evaluate the effectiveness of the forest practices rules in achieving one or more of the
Forest and Fish performance goals, resource objectives, and/or performance targets. The
document was prepared for the Cooperativenitboing, Evaluation and Research Committee

(CMER) and was intended to inform and support the Forest Practices Adaptive Management
program. The project is part of the Eastside Type F Riparian Effectiveness Program, and was
conducted under the oversighttbé Riparian Scientific Advisory Group (RSAG).

This document was reviewed by CMER and was assessed through the Adaptive Management
Programdés independent scientific peer review
distribution as an official CMERatument. As a CMER document, CMER is in consensus on

the scientific merit of the document. However, any conclusions, interpretations, or
recommendations contained within this document are those of the authors and may nthtereflect
views of all CMERmembes.

The Forest Practices Board, CMER, and all the participants in the Forest Practices Adaptive
Management Program hereby expressly disclaim all warranties of accuracy or fitness for any use
of this report other than for the Adaptive Management PrograffariRe on the contents of this

report by any persons or entities outside of the Adaptive Management Program established by
WAC 222-12-045 is solely at the risk of the user.
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EXECUTIVE SUMMARY

Aimee Mclntyre, Marc Hayes, William Ehinger, Dave Schdathes, Stephanie Estrella, Reed
Ojala-Barbour, Greg Stewart, Jason Walter, and Timothy Quinn

Headwater streams, which comprise approximately 65% of the total stream length on forestlands
in westernwWashington, are largely understudied relative to their frequency in the landscape. We
evaluated the effectiveness of riparian forest management prescriptions for safehnon

bearing (Type N) headwater stream basins in western Washington by comparamg c

prescriptions to alternatives with longer riparian letree buffers and no buffers. We looked at

the magnitude, direction (positive or negative), and duration of change for ripalaged inputs

and response of instream and downstream compofsa@<hapter 1 Introduction and

Backgroungl. The focus of the study was on Forests and-&esgignated species of stream
associated amphibians. We also evaluated riparian processes affectagmnel wood

recruitment and loading, stream temperatue shade, discharge, nutrient export, suspended
sediment export (SSE), channel characteristics, litterfall input and detritus export, biofilm and
periphyton, macroinvertebrate export, and downstream fish density and population structure (see
Supplement 1for a complete list of response variables). The results of this study will inform the
efficacy of current Forest Practices rules, including how landowners can continue harvesting
wood resources while protecting important headwater habitats and assoceaied.sp

We used a Beforéfter Controtimpact (BACI) study design with blocking to examine how
harvest treatments influenced resource response. We collectkedrpest data from 2006

through 2008 and pos$iarvest data from 2009 into 2011 (see ChapieSfudy Desigh Study

sites included 17 Type N stream basins located in managed sgraovith conifer forests across
western Washington. Sites were restricted to Type N basins less than 54 ha (133 ac) in size with
relatively competent lithologies. We evated four experimental treatments, including an
unharvestedReference(i.e., in the harvest rotation but withheld from harvest; n = 6) and three
alternative riparian buffer treatments involving clearcut harvest of the entire basin. Riparian
buffer treatmerst included the followingl00% treatment (a two-sided 56ft [15.2-m] riparian
leavetree buffer along the entire riparian management zone [RMZ; n £RBJxeatment (a

two-sided 56ft [15.2-m] riparian buffer along at least 50% of the RMZ, consistent thigh

current Forest Practices buffer prescription for Type N streams [n = 3]plariceatment

(clearcut harvest throughout the entire RMZ [n = 4]). The buffer treatments were implemented
between October 2008 and August 2009 (see ChajpteteBhagement Rescription3. Results
presented in this summary include those that had statistically significamb p@stharvest

changes that differed between treatments (alpha of 0.05 or 0.1, depending on the response and
clarified in each chapter).

We found that arvest of timber in and adjacent to streamside riparian forests directly affected
tree mortality, tree fall rates, and large wood recruitment to streams. The highest mortality rates
and greatest reductions in density and basal area occurred in the FertdRMZ buffers and

the buffers surrounding the uppermost points of perennial flow (PIPs; see Chia@éarkl
Structure and Tree Mortality Rates in Riparian Buffekdgrtality and tree fall rates in FP
treatment RMZs were significantly greater tharitter the 100% treatment or reference RMZs.
Tree mortality and tree fall were significantly greater in both the 100% and FP treatment PIPs
relative to reference rates. Windthr@ssociated tree fall in riparian buffers increased large
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wood (010 c¢cm [4 in] diameter) recruitment to
Chapter 8 Wood Recruitment and Loadndgdowever, the vast majority oécruited trees were
completely suspended above the active stream channel. We observed a signifidaanvesst

increase in small wood (<10 cm [4 in] diameter) in the channel in the 0% treatment relative to

the FP and 100% treatments, and an increaisedhannel large wood in all three buffer

treatments relative to the reference. Increaseschamnel wood loading in treated sites may

have been responsible for the changes we saw in stream channel characteristics. We observed a
significant postharvestincrease in stream pool length in all three riparian buffer treatments (see
Chapter 11 Stream Channel Characteristjcg he pre to postharvest change in stream

bankfull and wetted widths, and the proportion of the stream channel rise attributgx$ tovste
significantly less in the 0% treatment than in any other treatment including the reference.

Shade decreased and water temperature increased in all buffer treatments, with the greatest
change in temperature occurring during the iJlygust period gee Chapter 7 Stream

Temperature and CoverBoth maximum and minimum daily temperatures increased

significantly in all buffer treatments over some part of the year. The maximum daily temperature
showed signs of recovery toward grarvest conditions dawstream from the harvest unit (i.e.,
within 100 m downstream of the harvest boundary); however, stream temperature remained
above prenharvest levels at five of the six sites where downstream recovery could be assessed.
While we observed postarvest reduadns in canopy across all riparian buffer treatments, that
reduction did not result in differences in biofilm gsbe dry mass (AFDM) or chlorophydl by
treatment following harvest (see Chapter B3ofilm and Periphytoh

We measured discharge, SSH aitrient export in eight study sites, four each in the Olympic
and Willapa Hill ecoregions. Annual runoff increased in all buffer treatment sites as a result of
harvest, but the magnitude of change varied by season and return interval (see Ghapter 8
Discharg@. As expected, total water yield increased as a function of the proportion of the total
area of each basin harvested, which was 88% and 94% in the two FP treatments and 45% and
89% in the two 100% treatments. We saw very little change in the I@d¥nent site, where

only 45% of the basin was harvested. All sites exhibited changes in discharge, and mean
discharge increased in the FP and 0% treatment, but not in the 100% treatment. Baseflows
decreased in the 100%, were largely unchanged in thenB@eased in the 0% treatment.

The sites monitored for SSE appeared to be supply limited (i.e., sediment transport was limited
by the sediment delivered to the stream from the adjacent uplands) both before and after harvest
(see Chapter 10 Sediment Pocesses Most of the sediment export occurred during late fall or
early winter storm events, and the relative magnitude of export was stochastic across sites and
treatments. In four of the six buffer treatment sites, SSE was greater during clearcstt harve
implementation or in the two year pdsdrvest period, but spikes in sediment export were of

similar magnitude to those observed in one of the two reference sites during the same periods.

Mean total nitrogen (N) and nitralé concentrations increasadall buffer treatments. The

estimated change was greatest in the 0%, intermediate in the FP, and lowest in the 100%
treatment, consistent with an increase in the proportion of the watershed harvested, but only the
0% differed statistically from the othbuffer treatments (see Chapteir Blutrient Expor}.
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Overall, total litterfall input was slightly higher after harvest in the 100% treatment, lower in the
FP treatment and lowest in the @@atment; however, we observed statistical differences only
for deciduous inputs between the 0% treatment and the other treatments (see Cliapter 12
Litterfall Input and Detritus Expo)t Total detritus export decreased in the 0% treatment relative
to thereference, and in the FP and 0% treatments relative to the 100% treatment.

We observed some changes in macroinvertebrate export after harvest, but did not detect any
major reductions in macroinvertebrate export or major shifts in functional feedingsgsae

Chapter 14 Macroinvertebrate Expo)t Collectorgatherer export in biomass per day decreased

in the 0% treatment relative to the FP treatment, but increased in the FP treatment relative to the
reference and the 100% treatment.

Treatment effectsor strearmassociated amphibians (Coastal Tailed FAschphus truéj and

torrent Rhyacotritorh and giant Dicamptodoh salamanders) were variable among genera and,
for tailed frogs, life stage (see ChapterilStreamassociated AmphibiahswWe found stistical
support for a negative effect of buffer treatment on the density of giant salamanders in the FP
treatment. We found that larval Coastal Tailed Frog density increased significantly in the 100%
and FP treatments relative to the reference and Q#tsrtemt. Posimetamorphic Coastal Tailed

Frog density also increased, but only in the 0% treatment. We lacked evidence of a treatment
response for torrent salamanders, except when stream reaches that were visibly obstructed by
dense matrices of logging sham the form of downed wood, litter and fines were included in the
analysis; here, torrent salamander density increased significantly in the 0% treatment.

Based on results from six study sites, we found that cutthroat @oab(hynchus clarKji
densityand population structure downstream of study sites were highly variable across sites,
months and years (see Chapteii IBownstream Fish Variability in total fish abundance was

not correlated with physical stream habitat metrics such as gradiepégsht pool area.
Consistently low recapture rates for passive integrated transpondetd§4¢€ed fish over the
course of the study provided evidence of a high level of fish emigration from, and/or mortality
within, study reaches.

During the two yearsgstharvest, the 100% buffer treatment was the most effective in
maintaining preharvest conditions, the FP was intermediate, and the 0% treatment was least
effective compared to reference sites (see ChapterSLimmary and DiscussipriThe collective
effects of timber harvest, both in terms of statistical significance and magnitude, were most
apparent in the 0% treatment. The direction and magnitude of changes for the 100% and FP
treatments did not differ statistically for some metrics, including largedwecruitment, wood

cover and loading, water temperature, discharge and channel unit metrics, and Coastal Tailed
Frog density. However, some differences existed between the 100% and FP treatments, including
for tree mortality and stand structure, ripartaver, detritus and macroinvertebrate export and
giant salamander density. While ptsirvest differences in the response of treatments were
readily apparent across a suite of variables, we noted no consistent negative impacts for stream
associated ampiians.
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1-1. INTRODUCTION

Washington State has a relatively long history of regulating forest management on private and
state forestlands. The Forest Practices Act first established regulatory goals for forest practices in
1974. In 1987, after more than a decade of contentiontbeexdequacy of forest practices
regulations, the Timber, Fish and Wildlife agreement was finalized (TFW; Washington Forest
Practices Board, WFPB 1987). The TFW agreement was not a legal agreement, but rather an
agreement to work together to reach consetsunake the best decisions for the management of
forestbased natural resources in Washington. The-lagél goals of TFW covered fisheries,
wildlife, archeological and cultural resources, water quality and quantity, and the forest products
industry. Al of the major Washington forest practices stakeholders, including environmental
groups, state agencies, the timber industry, and Native American tribes, approved the TFW
agreement.

A pivotal outcome of TFW was the expansion of riparian protection bplestteng Riparian
Management Zones (RMZs) near the banks of streams, rivers and lakes. The timber industry
agreed to leave trees along fiskaring streams to provide shade and a source of wood for
recruitment to the stream, and to help stabilize strearkshta protect water quality and habitat

for fish and wildlife. Another important outcome of TFW was the development of an adaptive
management program to use information from ongoing research and monitoring to help fill
knowledge gaps to inform potentiadlgy changes. Research and monitoring needs were
outlined in a work plan developed by the Cooperative Monitoring, Evaluation and Research
(CMER) committee. This work plan recommended scientific projects to answer unresolved
technical and scientific questis related to the impacts of forest management on fish, wildlife
and water. However, despite these important advancements, the structure of TFW adaptive
management was constrained not only by limited funding to address projects, but also by lack of
a formal vehicle to either move the process forward, or effectively link it to policy representation
among stakeholder groups.

Largely motivated by the listing, and potential further listings, of salmonid populations in
Washington State as either endangerdatir@atened under the federal Endangered Species Act
(ESA; US Fish and Wildlife Service, USFWS 1999), and the listing of hundreds of stream
segments with water quality problems under the Clean Water Act (CWA), the Forests and Fish
Report became the Foresitsd Fish Law on 1 July 2001 (WFPB 2001). The Forests and Fish

Law not only expanded upon the protections provided by the TFW agreement but also addressed
the aforementioned limitations of TFW. These advancements included:

1) The requirement for a welundedand functional adaptive management program, which
was expressly intended to comply with both the federal ESA and the CWA (USFWS
1999), and directed the WFPB to adopt permanent rules meeting those objectives. Forest
practice rules under the Forests andhFAgreement (hereafter Forest Practices rules)
were developed through negotiations among federal (National Marine Fisheries Service,
US Environmental Protection Agency, and USFWS), state (The Office of the Governor
of the State of Washington, WashingtoatStDepartment of Ecology [hereafter
Ecology], Washington Department of Fish and Wildlife [WDFW], and Washington
Department of Natural Resources [WADNRY)), tribal and county governments, and
private forest | andowner s. ourdancgonomicallywas t o
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practical solutions that would improve and protect riparian habitat osfeaienal

forestlands in the State of Washingtono (U

meet the four focal goals that the WFPB had established:

a. Provide compliance with the ESA for aquatic and ripadapendent species
(including Forests and Fistresignated streasassociatedmphibians),

b. Restore and maintain riparian habitat to suppbdraestable supply éith,
c. Meet the requirements of the CWA for water quahtyd
d. Keep the timber industry economically viable in the staWWaghington.

2) The requirement for a formal vehicle to move the process forwardinthisled:

a. An adaptive maagement coordinator to administrate the science program within

CMER so that robust science needed to answer questions on the imfaetst of
management could be developed in an environment insulated from potential
policy bias, and to provide a link tgpalicy stakeholder group to enable
reciprocal information flow between policy makers an@ntists.

b. A formal policy stakeholder group that could decide how adaptive management

science might alter Forest Practices rules, and inform the adaptive managemen

science program of important questions that science radghess.

In effect, Forest Practices rules were designed to maintain diverse riparian functions and

features, including large wood recruitment, shade to mediate light inputs and changes in stream
temperature, sediment storage, bank stability, nutrient retention and export, litterfall inputs, and

other riparian features important to both riparian forest and aquatic system conditions.

1-1.1. MANAGEMENT OF NONFISH-BEARING STREAMS UNDER
FOREST PRACTCES RULES

Timber harvest guidelines prescribed under Forest Practices rules were developed to achieve the

Forests and Fish Law resource objectives. New forest management practices included the
expansion of riparian protections to include 1ii@h-bearingstreams, improvement of forest
roads and culverts, and identification and protection of unstable slopes, among others.

Nonfish-boeari ng fiheadwatero streams, or Type
stream length on forestlands in westéfashington (Rogers and Cooke 2007). During

N Wa:

negotiations leading to the development of current Forest Practices rules, scientists representing

the various stakeholder groups had to address which aquatic and fiepeEmdent species

would be the focus ofrptection in Type N Waters. Stakeholder scientists ranked molluscs first

and amphibians second; however, policy liaisons familiar with the state legislature advised the

selection of amphibians as the focal taxon for coverage as aquatic resources. Therefore

stakeholders selected six streassociated amphibians that were dependent on riparian habitat
and presumed to be the most susceptible and/or least resilient to the potential impacts of forest
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management as compared to other species of amphibians in forestlands in Washington State.
Subsequent to this selection, one of these species was classified into two species in 2001, raising
the total number of covered species to seven.

1-1.2.PROBLEM STATEMENTT LACK OF INFORMATION ON THE
EFFECTIVENESS OF TYPE N WATERS RIPARIAN MANAGEMENT
PRESCRIPTIONS

At the time of Forest Practices negotiations, almost no published studies addressed the efficacy

of riparian buffers for Type N Waters or prded clear guidance addressing riparian buffer

design, most notably for streamssociated amphibians. Moreover, the few studies available

(some of which did not have published results until some years after negotiations were finalized)
were either retrospéee (Bissonet al.2002; Raphaedt al.2002), or lacked the power needed to
interpret observed responses for the aquatic resources specified in Forest Practices rules
(O'Connellet al.2000; Jacksost al.2003). As a consequence, CMER directed a stilngy,

AType N Experiment al Buf fer Treatment Studyo
more confident conclusions to be drawn about the relative effectiveness of alternative riparian
management prescriptions in meeting Forest Practices resourcéogdalpe N Waters.

1-2. STUDY OBJECTIVE AND CRITICAL QUESTION

Our objective was to evaluate the effectiveness of current westside riparian management
prescriptions for Type N Waters under Forest Practices rules by comparing the current riparian
buffer pescription to longer and shorter alternatives within the RMZs of Type N Water systems.
We evaluated the influence of these alternative riparian management prescriptions on biotic and
physical resources and processes in Type N Waters and examined wheciptwasgs) were the

most effective in maintaining species, and stream and riparian processes, to inform the efficacy
of Forest Practices rules through the adaptive management process.

We developed an experimental design to answer the following critieatign in basaltic
lithologies of the coastal areas and the south Cascades of Washington State:

What is the magnitude, direction (positive or negative), and duration of change in riparian
related inputs (light, litterfall, sediment, and wood) and tkpaase of instream (amphibians,
water temperature, habitat) and downstream components (export of nutrients, organic matter,
macroinvertebrates, and sediment; water temperature; and fish in the downstreasariist)

[Type F] reach) associated with a ramgexperimental timber harvest treatments that vary in
the length of riparian buffer retained within RMZs of Type N Waters relative to untreated
reference conditions?

The results of the Type N Study will inform the efficacy of current Forest Practiess

including how landowners can more effectively protect important headwater habitats and
associated species while harvesting wood resources that can be used to create a diversity of
products.
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1-3. REPORT STRUCTURE

The report is a series of chapters, with Chapters 1 through 4 addressing study objectives, design,
and implementation, and Chapters 5 through 16 addressing responses of vadonsain

channel, upland, and downstream expariables. We present a summary of results in Chapter

17. Northwest Indian Fisheries Commission, WDFW, Ecology and Weyerhaeuser Company
personnel contributed to data collection, analysis and report writing.
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2-1. IDENTIFICATION OF RESPONSE VARIABLES

2-1.1. FOREST PRACTICES FUNCTIONAL OBJECTIVES

The Washington Forest Practices Board (WFPB) developed a series of key questions, Resource
Objectives and Performance Targets for adaptive management, outlined in Schdailthe

Forests and Fish Report (USFWS 1999). The Overall Perforn@oals defined in Schedule

L-1 are to uphold forest practices that will not, either singly or cumulatively, significarbjir

the capacity of aquatic habitat to: a) support harvestable levels of salmonids, b) support long
term viability of other covered spies, or ¢) meet or exceed water quality standards. Further,
Resource Objectives are defined for key aquatic conditions and processes affected by forest
practices. These Resource Objectives are intended to meet the Overall Performance Goals, and
consist ofboth broad statements of objectives for the major watershed functions potentially
affected by forest practices (Functional Objectives) and measurable criteria defining specific,
attainable target forest conditions and processes (Performance Targeiudyuwras designed

to evaluate whether Forest Practices rules pertaining to Type N Waters produce forest conditions
(and processes that create those conditions) that achieve-agmeResource Objectives. We
identified key response variables that woutdlgle us to address Resource Objectives for
watershed functions affected by forest practices, wihidded:

1) Heat/Water Temperature: Provide cool water by maintaining shagiundwater
temperature, flow, and other watershed processes controlling stregerature.

2) Large Wood/Organic Inputs: Develop riparian conditions that provide complex
habitats for recruiting large wood alittier.

3) Sediment:Provide clean water and substrate and maintain chéomeingprocesses
by minimizing to the maximum exteptacticable the delivery of management
induced coarse and fine sediment to streams (including timing and quantity) by
protecting stream bank integrity, providing vegetative filtering, protecting unstable
slopes, and preventing the routing of sedimestreams.

4) Hydrology: Maintain surface and groundwater hydrologic regimes (magnitude,
frequency, timing, and routing of stream flows) by disconnecting road drdioage
the stream network, preventing increases in peak flows causing scour, and
maintaining bhe hydrologic continuity oietlands.

2-1.2. CONCEPTUAL MODELS THAT FACILITATED SELECTION OF
RESPONSE VARIABLES

Resource responses can be driven by shifts in the trophic energy pathway as well as physical
changes to habitdbrming processes. We utilizeshergy pathway and landscape conceptual
models to aid in the selection of response variables for inclusion in the study; fedegthn
discussion of the energy and landscape pathway conceptual models used, see Appendix Il in
Hayeset al.(2005). For examle, the energy pathway conceptual model can be used to illustrate
how alternative riparian buffer configurations may affect streasociated amphibians and
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downstream exports to Type(fsh-bearing) Waters. Streaassociated amphibians were

selected as a key response variable in the study because stakeholders identified them as one of
the important biotic resources to be protected in Type N Waters (USFWS 1999). Forest
management couldfact amphibians and downstream exports through changes to stream
temperature (Johnson and Jones 2000), primary productivity (Murphy 1998), or invertebrate
composition or abundance (Hawkietsal. 1982; Hawkins 1988), among other things.

Selected responsariables were related to WFPB Resource Objectives and derived from energy
pathway and landscape conceptual models. These included riparian vegetation, wood, water
temperature, flow, nutrient export, litterfall and detritus, sediment, channel charexsterist
periphyton, macroinvertebrates, streassociated amphibians, downstream fish, and trophic
pathways.

2-2. SITE-SELECTION CRITERIA IMPOSED BY THE STUDY DESIGN

Prior to the selection of sites for inclusion in the study, we identified 10 criteria sociaed
constraints important to the study desigalfle 2-1). The inclusion of strearassociated

amphibian species as a response variable placed important constraints on site selection. Six of
the seven Forest Practiedaesignated amphibians occur exohety (n = 5) or largely (n = 1) in
Westside forestland$igure 2-1). We selected sites that supported four of these amphibian
species: Coastal Tailed Frofgcaphus trugiand Olympic, Columbia, and Cascade Torrent
SalamandersRhyacotriton olympicysRR. kezerj andR. cascadae The remaining three Forest
Practicesdesignated amphibians not covered in our study include the Rocky Mountain Tailed
Frog A. montanus , a n d Pl&hodon dusni (a nd V ak vabdykki Balasianders.
Rocky Mountain Taild Frog could not be included because it occurs exclusively in southeastern
Washington, an area not included in our study. The two plethodons were not included because
they breed and lay eggs on land, and have ndifrieg (i.e., aquatic) larval stage, é@therefore
require different sampling techniques than the species that were a focus of this study. Although
Coastal Dicamptodon tenebrosys a n d [T ocope Giamt S@lamanders are not covered
under Forest Practices rules, they were included in tiaky $or two reasons: (1) they-@mcur
with designated species throughout the study
the Coastal Tailed Frog, occurs throughout the entire study area and was appropriate for the
amphibian genetic componerittbe study.
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Table 2-1. Criteria used and the associated limits for each criterion during the Type N Study

site-selection process, 2002006.

Step in Criterion Limit
Process
Study design  Geographic Olympic Mountains, Willapa Hills, and South Cascade (south of
criteria range the Cowlitz River) physiographic regions\Washington State
Elevation <1,067 m (3,500 ft) for the Olympiegion
<1,219 m (4,000 ft) for the South Cascade region
No limit for the Willapa Hills region
Stream gradienti®0% (3 27 degrees)
Lithology Competent (or any lithoby that could potentially be competent,
i.e., potentially producing lonfasting large clasts or coarse grain
sizes)
Type N basin 12149 ha (30120 ac)
size
Streanorder Seconeorder stream basins (Strahl®52)
Stream network  Minimum of 75 m (246 ft) of stream between the F/N break and
geometry nearest downstream tributary intersection
Ownership Standage >70% of stands in study site between 30 and 80 years oltyduri
criteria harvest treatmentindow

Harvestiiming

Areaowned

Buffer treatment sites: harvest Apr 2008ar 2009;
References: nbarvest

>80% owned by single participatitapndowner
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Figure 2-1. Physiographic regions of Washington State and distributions of sassociated
amphibian species by region. Forest PractiEsgnate@mphibians (yellow font) included in
our study were Coastal Tailed Frofs€aphus trueiASTR) and OlympicRhyacotriton
olympicus RHOL), Columbia R. kezeriRHKE) and Cascad&( cascadaeRHCA) Torrent
Salamanders. Forest Practicesssignated amphibiamot included in our study were Rocky
Mountain Tailed FrogA. montanus A SMO) , aPtethod@wumniFLBU) &énd Van
Dy k ePowandykeiPLVA) Salamanders. Coastélitamptodon tenebrosusDITE) and

C o p eDd mpeiE DICO) Giant Salamanders (inhite font) are not designated amphibian
species under Forest Practices rules but were included in the study.

2-2.1. STUDY DESIGN CRITERIA

We limited our site selection to three physiographic regions: Olympic Mountains, Willapa Hills
and Southern Cascades (south of the Cowlitz River), because these regions had the greatest
number of Forest Practicelesignated amphibians (Joregsal. 2005).We further limited

selection of study sites based on factors known to influence the distribution of these amphibian
species. For example, Forest Practidesignated amphibians rarely occur above 1,219 m (4,000
ft) elevation in Washington State and the eipglevation limit within their range declines
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slightly with increasing latitude (Dvorniakt al. 1997). Consequently, we limited sites to those
located at elevations less than 1,067 m @f0and 1,219 m (4,000 ft) in the Olympic and

South Cascade physiographic regions, respectively. We did not impose an upper elevation limit
in the Willapa Hills because the maximum elevation (Boisfort Peak: 948 m [3,110 ft]) is within
the range of all aphibian species. Additionally, Coastal Tailed Frogs occur in streams between
5% and 50% (3 to 27 degrees) slope, which also captures almost the entire range of stream
gradients over which the other designated species are found (Adams and Bury 2008jetheref
we limited sites to those with a slope in this range. The Coastal Tailed Frog, Columbia Torrent
Salamander and giant salamanders also have a greater probability of occurrence on competent
lithologies' (Dupuiset al.200Q Wilkins and Peterson 2000); therefore, we included only sites
composed of competent lithology or those that could potentially be competent depending on
weathering and age, as identified by Patrick Pringle, formerly with WADNR. Finally, since
Coastal Taikd Frogs rarely reproduce in small (often fwstler) basins in western Washington
(Hayeset al.2006) we initially restricted site selection to include seeortter streams (Strahler
1952); however, we later found it necessary to relax the stream atdendo include first,

second, and thirdorder streams to obtain the desired number of study sites.

To maximize the influence of the buffer treatments and reduce confounding effects we wanted
the harvest units to be the size of the entire Typadirf where possible. Additionally, we were
interested in studying harvest units that were operationally meaningful (Mcéattgite2009).
Landowners indicated that the minimum unit size typically harvested was abou{3®da),

while the maximum harvest unit size is limited by Forest Practices to 49 ha (120 ac) without an
exception based on review by an interdisciplinary science team (WFPB 2001). In order to
maximize the influence of the buffer treatments and reduc®goding effects, we initially
constrained sites to Type N basins between 12 and 49 ha (30 to 120 ac). We subsequently found
it necessary to relax the Type N basin size to include basins up to 54 ha (133 ac) to obtain the
desired number of study sites.

Finally, we required a minimum of 75 m (246 ft) of stream below the F/N break within which to
sample fish for the fish portion of the study. We verified that landowners would not harvest
along this portion of the stream during our study period and thatwieseeno tributary
intersections within this reach. These two requirements were necessary to ensure that the
intended experimental treatment and other management activities were not confounded.

2-2.2. OWNERSHIP CRITERIA

Inclusion of study sites relied ommmitments from landowners to manage them according to
our treatment specifications (i.e., harvest layout and timing). We requested that landowners
commit to applying harvest treatments from April 2008 through March 2009. We limited study
sites to those wh at least 70% of stands between 30 and 80 years of age at the time of harvest,
because the average minimum stand age at harvest is 30 years and harvest of stands over 80
years old is infrequent in Washington State. Finally, because multiple ownershésaime

study site would greatly complicate the coordination and implementation of treatments, we

1 Competent lithologies produce lofagting, large, durable clasts or coarse grain sizes.
2 Type N basins are the extent or area of land where surfaee fn@n rain and melting snow or ice converge to a
single point, in this case at the F/N break, where Type N Waters join the Type F Waters.
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limited study sites to those for which mahan 80% of the Type N basin had a single
landowner.

2-3. FOREST PRACTICES RIPARIAN MANAGEMENT PRESCRIPTIONS
FOR WESTSIDE TYPE N WATERS

Among other forest management practices, all shorelines of the state (Type S), Type F, and Type
N (including both Npand Ns) Waters in Washington State are protected by a Riparian
Management Zone (RMZ) under Forest Practices rules. Type Np Waters are perennial streams
with no fish habitat that do not go dry any time of the year, and Type Ns Waters are seasonal
streams vith no fish habitat and no surface flow for at least some portion of a year of normal
rainfall (WAC 22216-030). Riparian management prescriptions for Type N Waters vary by

water type and location, that is, east versus west of the Cascade Mountain er&Z for

Type Np and Ns Waters in western Washington includes the following requirements (WAC 222
30-021 (2)):

1) Equipment limitation zone (ELZ): A two-sided 36ft (9.1-m) wide zone measured
horizontally from the outer edge of the bankfull width of Typged¥ Ns Watewhere
equipment use and other forest practices are specifically limitedit®©mitigatioris
required if grounebased equipment, skid trails, stream crossings (other than existing
roads), or partially suspended cabled logs exposes thensawibre than 10% of the
surface area of the zone. Mitigation measures (e.g., water bars, grass seeding,
mulching) must be designed to replace the equivalent of lost functions, especially
prevention of sedimemtelivery.

2) Riparian protection: A two-sided 56ft (15.2-m) wide neharvest ripariabuffer
along at least 50% of the Type Np stream lengtiyuding:

a. Stream buffer: Required twesided buffers must start at the F/N break and
continue upstream for: (1) a minimum of 508@152.4m) for Type Np Waters
longer than 1000 ft (305 m); (2) at least equal to the greater of 300 ft (91 m) or
50% of the entire length for Type Np Waters greater than 300 ft but less than
1000 ft; or (3) buffered in their entirety for Type Np Waters less than or equal to
300 ft.

b. Senstive site buffers: No-harvest buffers specific to each sensitive site category
(WAC 22216-010; Table 2-2).

The precise distribution of buffered reaches depends on the locations of sensitive sites and other

priority features (WFPB 2001). Rules were negetiao allow flexibility to landowners during
forest management activities.
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Table 2-2. Sensitive site definitions and RMZ requirements under Forest Practices rules.

Sensitive Definition RMZ Requirement
Site Type
Headwall A seep located at the toe of a cliff or other steep 50t (15.22m) no-harvest
seep topographical feature and at the head dfype Np Water buffer around the outer

which connects to the stream channel network via overlgadimeter of the

flow, and is characterized by loose substrate and/or perennially saturateatea
fractured bedrock with perennial water at or near the

surface throughout the year

Sideslope  Seeps within 100 ft (30.5 m) of a Type Np Wdteated 50 ft (15.2-m) no-harvest
seep on sideslopes which are >20%, connected to the streambuffer around the outer
channel network via overland flow, and characterized byperimeter of the
loose substrate and fractured bedrock, excluding muck, perennially saturatearea
with perennial water at or near the surface throughout the
year

Type Np Intersection of two or more Typép Waters 56-ft (17.1-m) radiusno-
intersection harvest buffer centered on
intersection

Headwater Permanent spring at the head of a perennial channel, 56-ft (17.1-:m) radius ne

spring coinciding with the uppermost extent of Type Np Watersharvest hffer centered on
spring
Alluvial fan  An erosional land form consisting of a cesteaped No harvest within

deposit of wateborne, often coarssizedsediments

2-4. EXPERIMENTAL DESIGN

The design included a ptervest period of data collection, the implementation of clearcut
harvests with alternative riparian buffer configurations, and al@osest period of data
collecion.

2-4.1. BEFOREAFTER CONTROL-IMPACT (BACI) DESIGN

We used a Beforéfter Controtimpact (BACI) design whereby we established baseline
conditions across study sites, implemented harvest at buffer treatment sites and continued
monitoring response varikds of interest after harvests were applied. The BACI design allowed
us to compare harvested sites to both theikhargest baseline conditions as well as to
unharvested references. An advantage of this design is that it controls for the &ifgetsoale
temporal variation (e.g., annual climate variation) by establishing relationships between the
control (i.e., unharvested reference) and impact (i.e., clearcut harvested) sites in\bespee
postharvest periods (Smith 2002), allowing us to deteemvhether observed differences
among treatments are associated with environmental variation or forestry practictadyhe

CMER 201¢ 29



TYPEN BUFFEREFFECTIVENESS ONHARD ROCK LITHOLOGIES

design incorporated three yeargoé-harvest sampling 2008008, and two years of pest

harvest sampling 2002010. The minimum preand postharvest period considered sufficient to
capture natural annual variability inherent to forested landscapes in western Washington is two
years; howver, value always exists to extending sampling over longer timelines. The original
intent of the study design was to extend sampling into the next harvest rotation if possible. If
results demonstrated no buffer treatment effects in the two yeangosst period, for example,
extended sampling could investigate if there was a lag effect associated with the buffer
treatments. Alternatively, if results showed a treatment effect in the two yedrgpesst period,

then this design would allow sampling oeelonger period to monitor recovery during a harvest
rotation.

2-4.2. EXPERIMENTAL TREATMENTS

Study sites were Type N basins of secgnowth forested stands. To maximize the potential
impact of alternative riparian buffer treatments, we requestedldatut harvests be applied to
the entire Type N basin. Landowners were mostly successful in fulfilling this objective, with a
few exceptions (see sectior23. Areas Within Buffer Treatment Sites Where Clearcuts Could
not be Appliell We established faureatments: three buffer treatments with clearcut haamelst
riparian buffers of variable length, and a reference (i.e., control) with no timber removal. The
four experimental treatments includddgure 2-2):

1) Reference (REF):unharvested reference Wiho timber harvest activities within the
entire study site during the stuglgriod,

2) 100% treatment (100%): clearcut harvest with a riparian leatree buffer (i.etwo-
sided 56ft [15.2-m]) throughout th&kRMZ,

3) Forest Practices treatment (FP)clearcutharvest with current Forest Practices
riparian leaveree buffer (i.e., clearcut harvest with a tgided 56ft [15.2-m]
riparian buffer along O50% of the RMZ,
site® sideslope and headwall seeps, headwater gpyilype Np intersectioasd
alluvial fans),and

4) 0% treatment (0%): clearcut harvest with no riparian buffer retained within the
RMZ.

Alignment of buffer treatments along a gradient, with RMZ riparian buffer lengths both longer
(100% treatment) and sher (0% treatment) than those required, allowed us to evaluate the
relative effectiveness of alternative treatments in meeting the four key goals established by the
WFPB (see Chapter-lintroduction and Background

Harvest followed Forest Practices ruleish the exception of the riparian buffer maintained

within the RMZ. A 36ft (9.1-m) ELZ was maintained along all Type Np and Ns Waters,

regardless of treatment. During study development, we considered whether exploring differences
in length or width ofiparian buffers might better inform current Forest Practices rules. Jackson
and colleagues (2001) found that riparian buffers along headwater streams protected stream
banks, limiting input of logging debris and minimizing bank failure and erosion. Resgarch

CMER 201¢ 2-10
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riparian buffer effectiveness in western Oregon has shown that most of the change in
microclimate from the stream to the upland forest occurs within the first 14 m (45 ft) from the
stream (Olsort al.2002). Given that the riparian buffers for Type Np &/atin Washington are
required to be 50 ft (15.2 m) wide, we concluded that changing buffer length rather than width
had the greatest potential to result in changes that would inform Forest Practices rules.

REF 100% FP 0%
Legend

— Type Np Water with 30-ft ELZ

Unharvested / riparian buffer

® F/N break E Clearcut harvest

Figure 2-2. Schematic of the four experim@htreatments included in the Type N Study.

Treatments include unharvested reference sites (REF) and sites receiving a clearcut harvest with
one of three riparian buffer treatments along the Type Np Water RMZsited 56ft (15.2-m)

riparian buffers ofL00%, Forest Practice (FP), and 0%. FP and 100% treatments inctftde 56
(17.2-m) radius buffers around Type Np intersections and headwater springs. All streams are
protected by a twsided 36ft (9.1-m) equipment limitation zone (ELZ).

2-5. SITE SELECTION

2-5.1. IDENTIFICATION OF STUDY SITES MEETING STUDY DESIGN
AND OWNERSHIP CRITERIA

Selection of study sites for inclusion in the Type N Study began in June 2004 and continued
through August 2006. For a detailed description of selection criteria aniietiselsction

process, see Mcintyre and colleagues (2009). Based on the study design criteriaTiabdel in

2-1, we used a Geographic Information System (GIS), specifically ArcMap (ESRI 2004), first to
identify 35,957 Type N basins within our geograpiaicge of interest. Fish distribution
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endpoints were identified using the Washington Department of Natural Resources (WADNR)
GIS hydrolayer recently updated to include an F/N break basad3iSlogistic regression

model. We then applied the rest of the study design criteria, after which 6,125 study sites
remained. The site list was further reduced to 496 with the application of ownership criteria
(Table 2-1).

2-5.2. ONSITE VALIDATION OF STUDY DESIGN AND OWNERSHIP
CRITERIA

We conducted osite surveys to validate study design and ownership criteria. Approximately
30% and 25% of study sites visited failed to meet the competent lithology criteria and stream
gradient criteria, respectively, and stand age and recent harvest data provided by landowners
were accurate in only about 75% of the basins visitetthe end, we identified 131 sites that met
study design and ownership criteria (<0.5% of the total Type Mdbasiginally identified

within our geographic range of interest). We conducted field sampling at the 131 sites that met
study design and ownership criteria to determine if Forest Prackstgnated amphibians were
present. We detected Forest Practidesignated amphibians at 48 study sites, further reducing
the number of potential study sites to 0.1% of the original pool of TypesMs.

On-site electrofishing surveys conducted between December 2005 and June 2006 revealed
inaccuracies in the Gldogistic regression model used to predict the location of the F/N break,
or upstream extent of fish distribution, within each basin. The location of the F/N break was
determined using specific protocols for conducting presence/absence electrofishing surveys on
forestlands in Washington State (WFPB 2002). The F/N break was at the location predicted by
the model in only three (6%) of the 48 remaining candidate sites. -Bavign (77%) had field
verified F/N breaks located downstream of the modeled F/N breatoles@and eight (17%) had
field-verified F/N breaks upstream of the modeled F/N break locations. Since the location of the
F/N break determines the corresponding Type N basin size, we recalculated basin sizes in
ArcMap based on the fielderified locationf F/N breaks. Seventeen sites were greater than 49
ha (120 ac) and no longer met the Type N basin size criteria, although we decided to retain one
54 ha (133 ac) site that was only slightly larger than the criteria for potential inclusion in the
study. Movement of the F/N break downstream at one potential study site expanded the Type N
basin to include forest stands that did not meet the minimum stand age criterion of 30 years.
Moving the F/N break upstream in one location resulted in dividing the Tyj@esiN into two
subbasins, both of which met study criteria. The net result of field validation of the F/N break
was that 32 candidate sites remained for potential inclusion in our study.

Field surveys also revealed inaccuracies in the hydrology layetasetermine stream order.
The primary reason for restricting site selection to se@vddr basins was to increase the
likelihood that Forest Practicelesignated amphibians would be present. We were able to relax
our criteria for stream order to incluthe few remaining firstand thirdorders sites in our
candidate pool based on the field verification of the presence of Forest Prdesopsated
amphibians.
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2-5.3. LANDOWNER HARVEST TIMNG RESTRICTIONS

As part of the study design landowners were required to harvest sites according to treatment
specifications and restrict harvest activities at reference sites from April 2008 through March
2009. These landowner restrictions on harvest gemant further reduced the candidate pbol

sites to 20. We removed another two study sites from consideration because of slope instability
and resultant harvest restrictions. At the end of the site selection process, we had identified 18
study sites thatet all criteria. Negotiations with landowners regarding harvest timing and

layout specifications continued through August 2006 when we confirmed that all 18 sites were
approved for use in the study and permits allowing access for research purposeplaeee i

2-5.4. SITES USED FOR DOWNSTREAM FISH RESPONSE

The study design required at least 75 m of stream below the F/N break to conduct fish sampling.
Of the 18 candidate sites available, only six were suitable for the fish component of the study
once weconsidered the proximity of the F/N break to a downstream tributary confluence (e.g.,
<75 m) and other physical and/or biological constraints. For a full description of the sites that
were selected for inclusion and why some sites were not included see Mcintyre and colleagues
(2009) and Chapter 6Downstream Fish.

2-6. ASSIGNMENT OF STUDY SITES TO BLOCKS AND TREATMENTS

We blocked (grouped) study sites based on geography to minimize variability and assigned sites
within each block to one of the four treatments. Sites within a block were located within the
same physiographic region (Olympwjllapa Hills, and South Cascade). We had one block of

four sites in the Olympic region, two blocks of four sites each and one block of two sites in the
Willapa Hills region, and one block of three sites in the South Cascade regjare(2-3).

As notedearlier, all participating landowners committed to allowing jpred postharvest

monitoring throughout the initial study period, 20@610: landowners contributing buffer
treatment sites to the study committed to harvest those sites during the perfi@d@®through
March 2009, and landowners contributing unharvested references to the study committed to
restricting harvest through 2010 at a minimum. We also requested that landowners consider
restricting future harvest activities in buffer treatmergssiintil 2020 to accommodate sampling

10 years posharvest. This would allow us to determine if there were lag effects in any response
variables, and to sample amphibian genetics after one generational turnover had occurred
(approximately 7 to 8 years)oBtharvest genetics sampling would allow us to determine if
timber harvest was associated with any genetic changes, including changes in genetic diversity
(see Cornuet and Luikart 1996; Luikattal. 1998).
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100%

Olympic

REF
FP
0%

Willapa 1 0%
100%
REF2
REF
FP
100%

Willapa 2

REF1 (54
0%  100%

Willapa 3 | REF

B 4
South 0% REF
Cascade | FP

Figure 2-3. Distribution of study sites and treatment allocation for the Type N Studyj 2006
2010. Study sites are blocked (grouped) based on geography. The five blocks acedsdior
such that sites in a block are the same c&&f- = reference sites and 100%, FP, and 0% =
100%, Forest Practices and 0% buffer treatments, respectively.
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We were not able to assigh some treatment types to particular study sitesestadtareferences
could only be located on public ownerships because private landowners would not agree to
exclude sites from harvest for the duration of the proposed initial study period, and restricted
harvest activities on federal forestlands preventeftam prescribing buffer treatments on
National Forest sites. As a result, only sites located on state forestlands (WADNR) were
available for inclusion as both buffer treatments and references. In addition, physical constraints
(including a lack of suitdb low-gradient reaches for flume installation and/or inaccessibility due
to snow in winter and spring) meant we would be able to measure downstream exports in only
eight of the study sites. Finally, only six sites were included in the fish responsa pdbtte

study (see Mcintyret al.2009 and Chapter II6Downstream Fislfior details). Given these
constraints, we randomized the assignment of treatments in blocoas:

1) Olympic block (OLYM): We randomly assigned treatments to each of thestowly
sites available in the Olympic physiographic region. All four study sites were suitable
for the assessment of export variables, and two sites (FP and 0% treatment sites) were
suitable for assessment of downstream riestponse.

2) Willapa 1 block (WIL1): Ten study sites were available in the Willapa Hills
physiographic region: eight sites were spread throughout the coastal region of the
Willapa Hills, and two were located south and east of the others that together
constituted the Willapa 3 block. We wad to have one complete block in the
Willapa Hills for use in the fish portion of the study, so we first considered the five
sites that were suitable for fish and how to organize one block out of these. Out of
these five sites, four were located on sfatestland, and one was on privately owned
forestland and was only available as a buffer treatment. Of the fouosiats sites,
we randomly selected two as unharvested
bl ocko and one f orheremaieingWio sitesdograme Buffdr | oc k) .
treatments. We randomly assigned buffer treatments to each of the three treatment
sites within this block. We then randomly selected one of the two unharvested
references and grouped it with the three buffer treatsigsg to become the Willapa
1 block. All four study sites in the Willapa 1 block were suitable for the assessment of
export variables and the downstream fissponse.

3) Willapa 2 block (WIL2): We randomly assigned buffer treatments to the remaining
threestudy sites in western Willapa Hills, which along with the remaining-state
owned reference became the Willapa 2 block. Due to unfavorable economic
conditions, harvest at the site that was assigned the FP treatment was not applied so
this site acted as @sond reference in this block. None of the sites in this bleck
included in the assessment of export variables or downstrearadEinse.

4) Willapa 3 block (WIL3): The two geographically separated study sites located south
and east of the eight codssites became the Willapa 3 block. One site was only
available as a reference because of constraints imposed by the presence of marbled
murrelet habitat, and the other site was available as a clearcut harvest with 100%
treatment. Neither of these sitessmauitable for inclusion in the assessment of export
variables or downstream fish response.
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5) South Cascade block (CASC)One of the sites in the South Casqgatusiographic
region was locied in the Gifford Pinchot National Forest and was therefore only
available as a reference. We assigned buffer treatments randomly to the three
remaining sites. When grouped with the reference these sites became the South
Cascade block. Due to unfavorakl®nomic conditions, harvest in the 100%
treatment was not completed. As a result, we removed this site from the study. None
of the sites in this block were included in the assessment of export variables or
downstream fislesponse.

We established an aecrgm for each study site, based on the combination of the block to which it
was assigned and the treatment applied. We will use these acronyms in tables and figures
throughout the remainder of the repdrable 2-3).

Table 2-3. Blocks, treatmentsgnd study site acronyms used in tables and figures throughout the
Type N Study final report.

Block Treatment Type ?Atg?oyn?rl;e
Olympic Reference OLYM-REF
100% treatment OLYM-100%
Forest Practices treatmer OLYM-FP
0% treatment OLYM-0%
Willapa 1 Reference WIL1-REF
100% treatment WIL1-100%
Forest Practices treatmer WIL1-FP
0% treatment WIL1-0%
Willapa 2 Reference 1 WIL2-REF1
Reference 2 WIL2-REF2
100% treatment WIL2-100%
0% treatment WIL2-0%
Willapa 3 Reference WIL3-REF
100% treatment WIL3-100%
South Cascade Reference CASGCREF
Forest Practices treatmer CASGFP
0% treatment CASCG0%
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2-7. STUDY SITE DESCRIPTIONS

After final considerations basexh field verification of study design and ownership criteria, 18
study sites remained for inclusion in the Type N Study. Unfortunately, after commencement of
data collection, we had to remove one site from the study because the application of the buffer
treatment was not implemented in its entirety due to landowner economic decisions, leaving 17
study sites. These sites included Type N,fistcondand thirdorder stream basins located

over a large geographic area of western Washington. Drainageseid¢tuthe study were

located along the Clearwater, Humptulips, and Wishkah Rivers in the Olympic physiographic
region; the North, Willapa, Nemah, Grays and Skamokawa Rivers and Smith Creek in the
Willapa Hills physiographic region; and the Washougal Raret Trout Creek in the South

Cascade physiographic region (45.81A to 47.

[72 to 1,972 f]).

The climate in western Washington, as described by the Western Regional Climate Center
(wrcc.dri.edu), is cool andomparatively dry in summer, and mild, wet, and cloudy in winter.
Measurable rainfall is recorded for an average of 150 days each year in the interior valleys and
for 190 days in the mountains and along the coast, with heavier intensities occurrindgp@long t
windward slopes of the Cascade Mountains. Annual precipitation ranges from 1,778 to 2,540
mm (70 to 100 in) over the Coastal Plains to 3,810 mm (150 in) or more along the windward
slopes of the mountains. Average estimateger (19812010) minimum ad maximum

mont hly temperatures were 12.4AC to 1.2AC
(72.0 to 77 Fahrenheit) across our sites in December and August, respectively (PRISM Climate
Group 2013). The average estimated annual precipitation ovesating 36/ear period was

2,242 to 3,855 mm (88 to 152 in) across our study sites. Study sites were located in managed
secondgrowth forests dominated by Douglas fisgudotsuga menzigsiind western hemlock
(Tsuga heterophylleon private (Fruit GrowerSupply Company, Longview Timber, Rayonier,

and Weyerhaeuser Company), state (WADNR), and federal (Gifford Pinchot and Olympic
National Forests) forestlands. The 17 study skagufe 2-3) ranged from 12 to 54 ha (30183

ac) and were composed primarifstand ages ranging from 30 to 80 yedia(e 2-4).

Average strearadjacent valley wall slopes ranged from 18% to 65% (10 to 33 degidas; 2-

5), as measured perpendicular to the stream channel aleih@1s02-m) transects in riparian

stand vegettion plots (see Chapteri 55tand Structure and Tree Mortality Rates in Riparian
Buffer9. Sites were located in areas dominated by competent lithology types, and with average
Np channel gradients ranging from 14% to 35% (8 to 19 degrees). Three stgdasit

unforested areas in the form of rock quarries (WHPLand CASEFP) and/or talus slopes
(CASGFP and CAS&%). We present study design and-sidection criteria for each study

site inTable 2-6.
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Table 2-4. The proportions of each of the 17 study sites within each of seven stand age range categories. Stand ages are presented for

the age of the stand near the time of harvest implementation (2008). Proportions of the study site within each stagahagescate

estimates only since precise calculations were notopesvail
Stand Age Range
Block Treatment <30 30140 >40i 50 >50i 60 >60i 70 >70i 80 >80 Other
OLYM REF - 0.60 - 0.22 - - 0.18 -
100% - 0.20 0.72 - - - 0.08 -
FP 0.01 - 0.33 0.67 - - - -
0% 0.05 - 0.67 0.28 0.01 - - -
WIL1 REF - 0.01 0.38 0.59 - 0.01 - -
100% - <0.01 0.98 0.01 - - - -
FP - - 0.44 0.43 - - - 0.13
0% 0.02 0.61 0.37 - - - - -
WIL2 REF1 - 0.21 0.78 - - - - -
REF2 0.01 - 0.07 0.91 - - - -
100% 0.16 0.31 0.52 - - - - -
0% - - 1.00 - - - - -
WIL3 REF - - - 0.01 0.81 0.18 - -
100% - - 1.00 - 0.00 - - -
CASC REF - - - - 0.05 0.95 - -
FP - 0.01 0.85 0.07 - - - 0.07
0% 0.02 - 0.20 0.53 - - - 0.25
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Table 2-5. The average streaatjacent valley wall percent slope (degrees) and proportions of the valley slope adjacent to the
mainstem channel and secondgaifyutaries within each of six slope range categories at each of the 17 study sites.

Streamradjacent Valley Wall PercentSlope(degreesRange
Mainstem SecondaryTributaries
Treat- Avg % <20 20i39 40i59 60179 8099 >100 <20 20139 40159 6Gi79 80199 >100
Block ment (deg) (<11) (11i21) (22'31) (31738) (3945) (>45) (<11) (11721) (22131) (31i38) (3945) (>45)
OLYM REF 62(32) 0.04 0.15 0.24 0.31 0.22 0.04 0.05 0.10 0.20 0.54 0.11 0.00
100% 54(28) 0.10 0.15 0.33 0.28 0.08 0.05 0.13 0.11 0.28 0.32 0.15 0.02
FP 43(23) 0.19 0.19 0.33 0.29 0.00 0.00 0.17 0.27 0.35 0.21 0.00 0.00
0% 28(16) 0.32 0.54 0.11 0.04 0.00 0.00 0.17 0.67 0.17 0.00 0.00 0.00
WIL1 REF 34(19) 0.12 051 0.31 0.06 0.00 0.00 0.60 0.40 0.00 0.00 0.00 0.00
100% 48(25) 0.02 0.18 0.50 0.30 0.00 0.00 0.04 0.50 0.39 0.07 0.00 0.00
FP 50(27) 0.03 0.22 0.51 0.24 0.00 0.00 - - - - - -
0% 53(28) 0.05 0.19 0.16 0.43 0.16 0.00 0.06 0.16 0.53 0.24 0.02 0.00
WIL2 REFP 65(33) 0.07 0.09 0.22 0.29 0.26 0.07 - - - - - -
REF2 36(20) 0.05 0.50 0.40 0.05 0.00 0.00 0.12 0.69 0.15 0.04 0.00 0.00
100% 59(30) 0.06 0.08 0.29 0.27 0.29 0.01 0.03 0.24 0.45 0.24 0.05 0.00
0% 35(19) 0.15 0.38 0.35 0.12 0.00 0.00 0.75 0.25 0.00 0.00 0.00 0.00
WIL3 REF 22(12) 0.49 0.29 0.16 0.01 0.04 0.00 0.67 0.33 0.00 0.00 0.00 0.00
100% 18(10) 0.60 0.33 0.08 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
CASC REF 32(18) 0.30 0.28 0.28 0.14 0.00 0.01 0.32 0.54 0.14 0.00 0.00 0.00
FP 30(17) 0.24 0.54 0.20 0.02 0.00 0.00 0.38 0.25 0.38 0.00 0.00 0.00
0%* 32(18) 0.26 0.42 0.21 0.09 0.02 0.00 - - - - - -

6T-¢

IFirst order site lacking any secondary tributaries.
2Site includes one small secondary tributary insufficient for riparian vegetation plot installation and slope measurerseatsiet
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Table 2-6. Block and treatment assignment, landowner, and study design and site selection criteria for 17 study sites included in-the
Type N Study. The four treatments include unharvested reference sites (REF) and sites receiving a clearcut harveditinnge one o 3
riparian buffer treatments along the Type Np Water RMZ:s$wied 56ft (15.2-m) riparian buffers of 100%, Forest Practice (FP),
and 0%. Elevation is the elevation at the fiettified F/N break. Stream gradient refers to the average stream gradidet éottite
Type Np stream network as calculated using-m&fer digital elevation model (DEM) in ArcMap (ESRI 2004). Basin size is the
Type N basin size.

MO0Y QUVINO SSANIAILOIA4TH344Ng N

Stream Basin
Elevation Gradient Stream Size
Block Landowner Treatment (m [ft]) Lithology % [°D Order (ha [ac])
OLYM Olympic NF REF 163 (535) Basalt flows and flow breccias 18 (10) 3 54 (133)
WADNR / Fruit
Growers Supply 100% 72 (236)  Tectonic breccia 27 (15) 3 28 (68)
Company
Rayonier FP 277 (909) Basalt flows and flovbreccias 25 (14) 3 17 (41)
Rayonier 0% 233 (764) Basalt flows and flow breccias 31 (17) 2 13 (32)
WIL1T  WADNR REF 200 (656) Basalt flows and flow breccias 19 (11) 2 12 (29)
WADNR 100% 198 (650) Basalt flows and flow breccias 18 (10) 2 31 (76)
WADNR FP 197 (646) Basalt flows and flow breccias 19 (11) 1 15 (37)
Weyerhaeusér 0% 87 (285)  Terraced deposits 16 (9) 3 28 (69)
WIL2  Weyerhaeusér REFZ 183 (600) Basalt flows and flow breccias 34 (19) 2 19 (48)
WADNR REF2 228 (748) Basalt flows and flovbreccias 18 (10) 2 16 (41)
Weyerhaeusér 100% 22 (72) Basalt flows and flow breccias 21 (12) 3 26 (65)
WADNR 0% 159 (522) Basalt flows 21 (12) 2 17 (42)




g Table 2-6. (continued)
g
Stream Basin
Elevation Gradient Stream Size
Block Landowner Treatment (m [ft]) Lithology (% [°]) Order  (ha[ac])
WIL3 WADNR REF 241 (791) Basalt flows 14 (8) 3 37 (92)
WADNR 100% 351 (1152) Basalt flows 19 (11) 2 23 (58)
CASC Gifford Pinchot NF REF 601 (1972) Tuffs and tuff breccias 21 (12) 2 49 (120)
WADNR FP 450 (1476) Andesite flows 16 (9) 2 26 (64)
WADNR 0% 438 (1437) Andesite flows 29 (16) 1 14 (36)

The downstream 2.2 ha (5.4 ac) of this Type N study siteowasd by Fruit Growers Supply Company; however, the portion of the study site under their
ownership was not harvested as a part of the buffer treatment application for our study.

20Owned by Weyerhaeuser Company during site selectiorhgmest sampling,drvest application, and the majority of pbsirvest sampling. Purchased by
Hancock Timber Resource Group in February 2011.

3Intended to be a FP treatment, but harvest did not occur due to the economy. See CHdptemgment Prescriptions.
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2-8. SCOPE OF INFERENCE

Scope of inference is limited by the site selection criteria listed. Inference can only be made to
Type N basins located in secegbwth forests on landsanaged for timber production,
dominated by competent lithologies, located in western Washington (including the Olympic,
Willapa Hills, and South Cascade (south of the Cowlitz River) physiographic regions), and
consistent with our other selection criters&é, gradient, etc.).

2-9. STATISTICAL ANALYSIS APPROACH

We designed this study to evaluate response differences among treatments at the site scale, not to
investigate withirsite variability. Though we could evaluate wittsite variability for some

regponses, we do not formally address those comparisons in this report. In general, analyses
following the BACI design evaluated the generalized null hypothesis:

D7rer= D7100% = D7rr= D7o% (2-1)

whereDTreris the change (pos$tarvest pre-harvest) in the reference, ab@100%, DTrp, and
DToware the changes in the 100%, FP and 0% buffer treatments, respectively.

Randomization during site selection, when possible, helps ensure that there is not a systematic
bias in the comparison trfieatment effects; however, with smaller sample sizes there may be
some bias in the sites to which treatments were assigned by chance. The statistical models used
for the analysis of the BACI design (detailed in each chapter) include a blocking term, which
groups sites geographically to increase precision, and a year term to account-somnoggdr
environmental variability. The model error term represents experimental error, which captures
several sources of variation, including wittsite sampling variaility, measurement error, basin

x time interaction, and basin x treatment interaction. The latter two terms correspond to the
variation in the year effect by basin, and the variation in treatment effect by basin. Other sources
of variation are alsincluded in the experimental error.

While data for most variables were collected at every study site, flumes with turbidity and flow
sensors were only placed in eight study sites in two blocks (the Olympic and Willapa 1 blocks;
Table 2-7) due to logistichconstraints (se8upplement 1for a complete list of response

variables included in the study). Additionally, because of the limited number of sites with
downstream reaches suitable for fish sampling, the fish portion of the study was restricted to only
six sites (0% and 50% buffers in the Olympic block and all sites in the Willapa 1 bizlcle

2-7). Finally, we collected tissues for stable isotope analysis from amphibians across all study
sites, when available. We collected samples for fish at th&tesincluded in the fish

component of the study, and only collected periphyton, litterfall, detritus and macroinvertebrates
samples in the eight study sites in which turbidity and flow were evaluated. As different response
variables may have differentrapling constraints or statistical properties (e.g., continuous vs.
count), the statistical methods varied slightly among response variables. Each chapter details the
statistical analysis approach used within the BACI design, and presents units of metsire |

most appropriate unit (i.e., English or metric), with equivalents in parentheses.
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Table 2-7. Response variables identified for inclusion in tlypd N Study. Number of
sites/blocks indicates the number of sites for which data were collected, as well as the number of
blocks in which those sites are contained.

Variable Variable Total Block
Group Sites  OLYM  WIL1  WIL2 WIL3 CASC
In-or Near  Amphibian occupancy anc 17 4 4 4 2 3
Channel density
Amphibian genetics 17 4 4 4
Periphyton standing crop 17 4 4 4
Water, air and soil 17 4 4 4 3
temperature
Channel gross morpholog* 17 4 4 4 2 3
Large wood loading 17 4 4 4 2 3
Streanmsubstrate 17 4 4 4 2 3
Bank erosion 17 4 4 4 2 3
Downstream Fish density andjuality 6 2! 4 - - -
and Export  Stable isotopes
Fish 6 2t 4 - - -
Amphibians 17 4 4 4 2 3
All else 8 4 4 - - -
Nutrients 8 4 4 - - -
Macroinvertebrates 8 4 4 - - -
Detritus 8 4 4 - - -
Sediment 8 4 4 - - -
Stream flow 8 4 4 - - -
Water Temperature 17 4 4 4 2 3
Riparian Standgrowth/survival 17 5 4 4 2 3
Input Large woodrecruitment 17 5 4 4 2 3
Shade 17 5 4 4 2 3
Litterfall 8 4 4 0 0 0
Sediment 17 5 4 4 2 3

1OLYM-0% and the OLYMFP sites were included in the fish density, quality and stable isotopes analyses.
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As with many scientific studies, amedpecially those involving ecological processes, our
statistical analysis was limited by sample size, variability among plots, sites and blocks, and
missing replicates of some treatments in some blocks. We suspect that for many of the
comparisons with mangal P-values (0.05 to 0.15), a larger sample size would increase the
ability to distinguish differences among the treatments and increase our confidence in
interpreting results. It is for theaspdorireasons
(e.g., Underwood 1997; Welsh and Ollivier 1998). We clarify the alpha level used for each
response in individual chapters. Interpretation of results should consider the relatively small
sample sizes, the effect sizes, and variability associated withnsspariables. Hence,
understanding the overall pattern of responses, rather than focusing on a-siaigie P
associated with any one result, will be an integral part of appropriately evaluating our results.
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3-1. FOREST PRACTICES RULES FOR TYPE N WATERS

Washington State Forest Practices rules apply to state and private forest landowners lacking a
Habitat Conservation Plan (HCP). These regulations are outlined in Title 222rgtas
Administrative Code (WAC) Forest Practices Ruleand in the Forest Practices Rules, Board
Manual and Act (WFPB 2001). Forest Practices rules dictate specific requirements for forest
management activities around Type Np and Ns Waters. Both plavatewners (Rayonier and
Weyerhaeuser) participating in riparian buffer treatment implementation in the Type N Study
followed Forest Practices rules; however, Washington Department of Natural Resources
(WADNR) lands are covered by an HCP that is moreiotiste than Forest Practices rules for
timber harvest adjacent to Type N Waters. For the purpose of this study, WADNR agreed to
apply our experimental treatments and to follow regulations for forest management activities
along Type N Waters as describgdHorest Practices rules.

3-2. BUFFER TREATMENT APPLICATION

3-2.1. HARVEST TIMING

Beginning in 2004, we worked with the landowners of the 12 riparian buffer treatment sites to
establish agreements for how and when harvest would occur, with the gdatadlacg all

harvest activities from April 2008 through March 2009. However, due to limitations associated
with the global economic decline that began in December 2007 and took a particularly sharp
downward turn in September 2008, harvest in one site (OI0%)J was not completed until
August 2009 and harvest in one FP treatment site in the Willapa 2 block was postponed
indefinitely and retained as an additional unharvested reference {REEZA). As a result,

clearcut harvests with buffer treatments wereiadb 11 of 17 sites: 0% treatment in four sites,
FP treatment in three sites, and 100% treatment in four $ibée(3-1). Harvests began in July
2008 and were completed by August 2009, and lasted from two to six months, with an average
duration of fourmonths.
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Table 3-1. Harvest dates and duration of harvest for 11 study sites receiving buffer treatments
for the Type N Study, 2002009.

Harvest Dates ;

Block  Treatment Begin End Duﬁgt?é?lx(lmsaihs)
OLYM 100% February 2009 March 2009 2
FP July 2008 October 2008 4
0% June 2009 August 2009 3
WIL1L  100% October 2008  April 2009 6
FP October 2008  March 2009 5
0% October 2008  January 2009 3
WIL2 100% January 2009  April 2009 3
0% July 2008 November 2008 4
WIL3  100% July 2008 November 2008 4
CASC FP November 2008 March 2009 4
0% November 2008 March 2009 4

1 Approximately 2.4 of 28 ha (6 of 69 ac) of windthrow located in the uppermost extdret study site was
salvaged in April 2008, approximately five months prior to harvest in the rest of the site.

2 Approximately 2 of 23 ha (5 of 58 ac ) located in the uppermost extent of the study site had a delayed harvest that
did not occur until Augst 2009, approximately eight months after the rest of the site had been harvested.

3-2.2. HARVEST IMPLEMENTATION

All timber harvest adhered to the guidelines outlined under Washington State Forest Practices
rules (WAC 22230), with the exception of thength of the riparian buffer in the riparian
management zone (RMZ). Timber removal in all study sites wasagyeth harvest consisting of
groundbased logging systems (including shovel and skidder) and cable yarding, except in the
100% treatment in the \M&pa 2 block, where western redcedBnija plicatg of a greater age
were also removed using helicopter yarding. Other Forest Practices rules adhered to included:

1 Groundbased logging under Forest Practices rules requires that the transport of logs
acrass Type Np and Ns Waters minimize the potential for damage to paguiarces,
and that skidding logs and driving groubdsed equipment through defined channels
with flowing water is not allowed (WAC 2220-070 (1)(b)).

1 Cable yarding was utilized inldlarvest units, and where logs were transported across
Type Np Waters, they were fully suspended above the water. Reasonable care was taken
to minimize damage to the vegetation providing shade to understory vegetation, stumps
and root systems where timbeas yarded from or across a RMZ or sensitive site (WAC
222-30-060(4)).

1 Uphill yarding was the standard (WAC 23R-060(5)).
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1 Skid trails were kept to a minimum width, were outsloped where practical, and were at
least 30 ft (9.1 m) from the outer edge of the bankfull width of the unbuffered portions of
Type Np or Ns Waters (WAC 22203-070 (7)).

1 In order to maintain stream baimkegrity, operators avoided disturbing brush and stumps
(WAC 222-30-030).

1 Felling of trees was generally directional away from streams, though trees may be felled
into Type Np Water if logs are removed as soon thereafter as practical Z22/480-050

(1))

1 No bucking or limbing was performed on trees or portions of trees lying within the
bankfull width of Type Np Waters, in RMZ or in sensitive sites and reasonableasare
taken to avoid felling trees into the RMZ (WA&22230-050).

1 The twosided 36ft (9.1-m) equipment limitation zone (ELZ) applied to the entirety of
the RMZ, regardless of whether or not a riparian buffer was maintained (WAGR22
021(2)).

1 Timber harvest was not conducted on potentially unstable slopes, which resulted in
riparian bufers in RMZs wider than the minimum tveaded 56ft (15.2m) buffer for
two study sites (see35.Riparian BuffeiConfiguratior).

3-2.3. BUFFER TREATMENT CONFIGURATION

Forest Practices rules specify the minimum riparian buffer length and configurafiorecein

the RMZ, although landowners may leave more than the required minimum. We worked closely
with the landowners and logging contractors to set specific guidelines for management activities
to reduce variability in the application of treatments (hartechniques and practices) among

sites. Specifically, we requested that land managers adhere to the following practices:

1) Cut all nonmerchantable timber (i.e., not suitable for the production of lurplygrood,
pulp or other forest products) ahearcut areas of tHeMZ,

2) Locate wildlife reserve and green recruitment trees away froRN®

3) Locate buffers needed to meet the requirement of a minimum of 50% of the Type Np
Water buffered in the FP treatment contiguous with, and upstream of,Gtig( 582.4
m) long stream buffer required upstream from the F/N bierak,

4) No harvest downstream of the Hikeak.

The configuration of the riparian buffer on a Type Np Water is subject to stream dendritic
patterns and the number and locatioserisitive sites. To determine the configuration at our

sites, we located sensitive sites in the field 12 June to 1 November 2006. At each study site, we
walked upstream along each tributary beginning at the F/N break. We identified Type Np and Ns
Waters ad locations of all sensitive sites according to Forest Practices rules. Type Np and Ns
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Waters and other important features were located in the field using Trimble Global Ragition
Systems (GPS), which were differentially corrected using Pathfinder Office software and
integrated into a Geographic Information System (GIS; ArcMap). We created maps displaying
the Type N Waters and locations of sensitive sites, channel heads,ossidgs and other
features Figures 32 through3-16), and shared these maps with landowners so that they could
easily locate features.

3-2.3.1. F/N Break Identification

Application of all three types of buffer treatments began at the F/N break, which we established
at each site with electrofishing surveys (see Chapite®t2dy Design Locations of F/N breaks
were marked with flagging and an aluminum tag.

3-2.3.2. Strean Typing

Waters were typed during the summer {tbaw period (typically August and September, but
dependent on seasonal precipitation patterns) and identified as Type Np or Ns according to
definitions outlined in Forest Practices rules (WAC-222030). Type Np Waters are located
downstream of the uppermost point of perennial flow (hereafter PIP;28e3%ensitive Site
Identification). Type Ns Waters are located upstream of Type Np Waters between the PIP and
channel head (seeZ33.4Channel Head Iderfication). Type Ns Waters are physically
connected to other waters via a defined channel system with exposed mineral substrates. All
Type Np and Ns Waters were systematically marked with flagging every 10 m (33 ft; slope
distance) from the F/N break to éacibutary channel head. Type Np Water length varied
among sites, ranging from 325 m (1,066 ft) to 2,737 m (8,980 ft) and averaging 1,160 m (3,805
ft; Table 3-2).

3-2.3.3. Sensitive Site Identification

We identified sensitive sites during the processtiifam typing and marked them with flagging
and aluminum tags (for complete definitions of sensitive sites see WAC&221). We
identified the following sensitive site$¢ble 3-3):

1) PIP (i.e., uppermost point of perennial flow):The PIP, which includédsoth the
headwater spring and headwall seep sensitive site categories, is at the point where a
Type Np Water becomes a Type Ns Water. We identified PIP locations as the last pool
of surface water greater in area than 16, @rcriterion that could be unambiguously
identified (Hunteret al.2005). Type Np Waters can be spatially intermittent, especially
during the lowflow period, so we continued our search for the PIP upslope to each
tributary channel head. The number of $#? a study site ranged from 1 to 10 (1to 9
headwater springs and O to 3 headwe#ps).

2) Sideslope seepsSideslope seeps are similar to headwall seeps with the exception that

sideslope seeps are located downstream of the PIP. The number-siopelseeps at
a study site ranged from 01d.
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3) Type Np intersections:Type Np intersections occur where two or more Type Np
Waters intersect. The number of Type Np intersections at a sitedyanged from
9.

4) Alluvial fans: Alluvial fans are an erosional land form consisting of a esimeped
deposit of wateborne, often coarsgized sediments. We did not observe alluaas
in anysite.

3-2.3.4. Channel Head Identification

The chanel head is the termination point of the tributary, where headwaters converge into a
single channel, and is located at the uppermost extent of the channel system. At times the
channel head and PIP coincide (e.g., when the PIP is a headwall seep); htheesreannel

head can also occur upslope of the PIP. We marked locations of channel heads with flagging.

CMER 201¢ 3-8



d3ND

6-€

Table 3-2. Characteristics of study sites includedhie Type N Study. Unharvested areas for buffer treatment sites are the portion of

the Type N basin that could not be harvested due to regulatory (N/F break location, stand age, unstable slopes)diiféogrgtic (
landowner) constraints (see23 AreasWithin Buffer Treatment Sites Where Clearcuts Could not be Agdpliektails). Type Np
Water length, unharvested length for buffer treatment sites, and resulting length of riparian buffer (percentageedrtotahgth

buffered for FP treatment sitén brackets). Dashes indicate instances where this information is not applicable (i.e., for references).

Study site Type Np Water
Ireatment  Block Area  Unharvested Area Length Unharvested Length Riparian Buffer
(ha [ac]) (ha[ac]) / % (m [ft]) (m [ft]) / % Length (m [ft])
REF OLYM 54 (133) - 2,737 (8,980) - -
WiL1 12 (29) - 589 (1,932) - -
WIL2 (1) 19 (48) - 653 (2,142) - -
WIL2 (2) 16 (41) - 816 (2,677) - -
WIL3 37 (92) - 2,513 (8,245) - -
CASC 50 (122) - 1,080 (3,543) - -
100% OLYM 28 (68) 3.7(9.1) / 13% 1,949 (6,394) 269 (883) / 14% 1,680 (5,512)
WIL1 31 (76) 0 (0) 1,029 (3,376) 0 (0) 1,029 (3,376)
WIL2 26 (65) 2.8(6.9)/11% 1,257 (4,124) 179 (587) / 14% 1,078 (3,537)
WIL3 23 (58) 0 (0) 1,359 (4,459) 0 (0) 1,339(4,393)
FP OLYM 17 (41) 0 (0) 1,070 (3,510) 0 (0) 663 (2,175; 62%),
wWiL1 15 (37) 0 (0) 325 (1,066) 0 (0) 236 (774; 73%)
CASC 26 (64) 0 (0) 822 (2,697) 0 (0) 456 (1,496; 55%)
0% OLYM 13 (32) 0 (0) 637 (2,090) 0 (0) 0 (0)
WIL1 28 (69) 0 (0) 1,525(5,003) 0 (0) 0 (0)
WIL2 17 (42) 0.4 (1.0)/ 2% 933 (3,061) 82 (269) / 9% 0 (0)
CASC 14 (36) 2.1 (5.2) /1 15% 420 (1,378) 90 (295) / 21% 0 (0)
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Table 3-3. The number o$ensitive sites by type for Type N Study sites in the firshareest
sample year (2006). HW seep = headwall seep, SS seepsicpdeseep, TJ = Type Np
intersection, HW Spring = headwater spring.

Treatment  Block Sensitive Sites
HW Seep SSSeep TJ HW Spring
REF OLYM 0 2 8 9
WiL1 2 1 2 1
WIL2 (1) 0 0 1 2
WIL2 (2) 2 10 4 3
WIL3 0 5 2 3
CASC 0 0 2 3
100% OLYM 3 6 9 7
WiIL1 0 3 4 5
WIL2 0 2 6 7
WIL3 2 6 7 6
FP OLYM 0 3 5 6
WiIL1 0 2 0 1
CASC 0 2 2 3
0% OLYM 0 1 3 4
WiIL1 1 3 4 4
WIL2 0 11 2 3
CASC 0 0 0 1

3-2.4. AREAS WITHIN BUFFER TREATMENT SITES WHERE
CLEARCUTS COULD NOT BE APPLIED

We intended to apply clearcut harvests to the entire Type N basin, from the F/N break upstream
and including all lands draining the Type Np and Ns Waters. However, regulatory and logistic
constraints prevented application of clearcut harvest to the sitéine two 100% and two 0%
treatment study site§ éble 3-2):

1) F/N break location (regulatory constraint): Two types of F/N breaks exist: terminal and
lateral. Terminal F/N breaks are defined as those where the last fish occurs within a Type
F Water Figure 3-1a) or at the confluence of two Type N Watdriglure 3-1b). Lateral
F/IN breaks are defined as those that occur where a Type N Water laterally intersects a
Type F Water Eigure 3-1¢). Riparian buffers are required within the RMZs of Type F
Waters (WAC222-30-021 (1)); therefore, when F/N breaks are lateral they are located in
the buffered RMZ of the Type F Water. Likewise, F/N breaks can be terminal but still
located within the RMZ of Type F Waters. Locations of F/N breaks were withirygee
F WaterRMZ in two study sites (WIL2D% (Figure 3-12), terminal F/N break, and
CASC0% (Figure 3-16), lateral F/N break), resulting in untreated areas rarfighng
0.1to 2.1 ha (0.3 to 5.2 ac) at the downstream ends of the study sites.
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2) Different landowner (logistic constraint): FruitGrowersSupplyCompanywasunablgo
harvest the 2.2 ha (5.4 ac) of the 100% treatment in the Olympic block falitigeir
ownership, from the F/N break and upstream for 244 m (801 ft) to just above the road
crossing Figure 3-4).

3) Stand age(regulatory constraint): WADNR, who owns the majority (25.3 ha [62.5 ac])
of the 100% in the Olympic block, was unable to hartes ha (3.7 ac) of the Type N
study site, including one headwall seep, because the stand age was over 50 years old
(Figure 3-4). This study site is located in the Olympic Experimental State Forest (OESF)
where a lawsuit settlement agreement limits WADIR cutting timber over 50 years
old until a review ir2014.

4) Unstable slopegregulatory constraint): Unstable slopes directly upstream of the F/N
break at the 100% treatment in the Willapa 2 block could not be harvested under Forest
Practices rules wittut special review for compliance with State Environmental Policy
Act (SEPA) and SEPA guidelines (WFPB 2001). As a result, harvest was not
implemented in 2.8 ha (6.9 ac), including both sides of the Type Np Water fréifNthe
break and upstream for 179 B8{ ft) and another 201 m (659 ft) of Type Np Water on
the west side of the streaffigure 3-11).

In summary, 0.1 to 3.7 ha (0.3 to 9.1 ac) of five study sites (or les§¥han 15% of the total

Type N basin area) were not harvested due to regulatory and logistic constraints. The resulting
length of stream that was not adjacent to harvest ranged from 82 to 269 m (269 to 883 ft), or 9%
to 21% of total Type Np Waters lengthable 3-2).

a

/ g /\_/

a) Terminal b) Terminal c) Lateral

Figure 3-1. Types of F/N breaks: terminal break where the last fish occurs within a Type F
Water (a), terminal break where the last fish occurs below the confluence of two Type N Waters
(b), and lateral break where a Type N Water lateratgrsects a Type F Water (c). Solid blue

lines are Type F Waters, dashed blue lines are Type N Waters, and stars indicate F/N breaks.
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3-2.5. RIPARIAN BUFFER CONFIGURATION

Timbermanagement activities under Forest Practices rules in Type N basins can be complex
given the layout of streams, the number and location of sensitive sites and harvesting logistics.
While it is relatively easy to apply Forest and Fish rules in theoryaictipe they can result in
complicated harvest configurations. For example, buffers are required both along the stream
immediately upstream of the F/N break (hereafter, stream buffer) and centered on sensitive sites
(hereafter, sensitive site buffer). Whiesatures are far apart spatially, the resulting buffer
configuration may include staralone buffers along sensitive sites. Alternatively, sensitive sites

can occur within areas already protected by the stream buffer, resulting in contiguous buffers that
may include multiple sensitive sites.

As intended, the buffered length of the RMZ varied by treatnieatil¢ 3-2). Similarly, the
number of buffered sensitive sites depended on both the treatment and the number of sensitive
sites present at a sit€gble 3-3).

3-2.5.1. 100% Treatment Sites

We identified 26 Type Np intersections, 17 sgllepe seeps, 5 headwall seeps and 25 headwater
springs across all 100% treatment sites. These sensitive sites were protected by riparian buffers
applied according to ForeBractices rules, with one exception: no harvest was applied adjacent
to one headwall seep in the 100% buffer treatment in the Olympic block due to regulatory
constraints preventing harvest of the surrounding timber (stand age greater than 50 years).
Protection of unstable slopes resulted in wider riparian buffers along some portions of the two
100% buffer treatment sites in the Olympic and Willapa 2 bloekgifes 34 and3-11,

respectively), although it should be noted that we designed this study uatevaliffer length,

not buffer width (see Chaptefi 2Study Design Further, our intent was to evaluate the
effectiveness of the regulatory riparian buffers required by Forest Practices rules in context of the
application of those rules broadly acrosswlestern Washington landscape, including for sites
requiring buffers on unstable slopes. As such, statistical analyses do not directly address the
implications of buffers wider than 50 ft (15.2 m).

3-2.5.2. FP Treatment Sites

Several sensitive sites in leatments located in the Olympic and South Cascades blocks
(Figures 35 and3-16, respectively) did not receive staatbne buffers but rather formed a
contiguous buffer with the stream buffer. The features included in these contiguous buffers
included fve tributary junctions, three seeps, and two PIPs in the FP treatment in the Olympic
block, and two tributary junctions, two seeps and one PIP at the FP treatment in the South
Cascade block. In fact, among the three FP treatment sites only 2 ofslopelseeps and 7 of

10 headwater springs were protected with s@ode buffers, respectively; and the two buffered
sideslope seeps were encompassed in a single buffer at one site-ARJElyure 3-7).
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3-2.5.3. 0% Treatment Sites

In the 0% treatment sites, sensitive sites were not protected by a riparian buffer. This included
nine Type Np intersections, 15 sidi®pe seeps, one headwall seep, and 12 headwater springs.

3-2.6.FOREST PRACTICES APPLICATIONS

We established one primary contact person representing the landowner at each study site
(typically a forester) and worked with them to establish harvest boundary layouts on the ground.
We provided maps of study sites that itieed the F/N break, streams, and sensitive sites and
indicated the desired locations of riparian buffers. We either assisted directly with harvest
boundary layout or walked boundaries after they had been established in the field to ensure that
treatmenspecifications were met.

A state permit to harvest timber in Washington State requires a Forest Practice Application
(FPA). Once we worked with landowner contacts to develop harvest boundaries, they developed
an FPA that we reviewed to ensure that plaes aar specifications. Once submitted, foresters
informed us of the FPA number and when the FPA was approved. All FPAs were approved as
submitted, that is, no conditions were placed on any approved FPA associated with the study.

We maintained communicahowith the primary contact person for each study site so that we
knew when harvest was expected to begin. We heltigmeest meetings with contractors who
were managing timber harvest activities at each study site to explain the study and research
guestims and emphasize the importance of following timber boundaries as established. Once
harvest was ready to begin, we metsitie with timber harvesters to explain again the research
and stress the importance of sticking with the plan as outlined. In addveonorked with
foresters to visit sites throughout the timber harvest period to view harvest progress.

3-2.7. REQUIRED FOREST PRACTICES EXEMPTIONS

This study explores the effectiveness of alternative riparian buffers within RMZs of Type N
Waters that dfer from those allowed under current Forest Practices rules. We were required to
obtain exemptions from both Forest Practices rules and the WADNR HCP in order to apply
buffer treatments in nine of 11 study sitésalfle 3-4).

3-2.7.1. Exemption from FordsPractices Rules

A two-sided 56ft (15.2-m) buffer protects at least 50% of the Type Np Water length under

Forest Practices rules. Clearcutting the full length of the RMZ at 0% treatment sites required
exemption from Forest Practices rules. To obtairedt@mption we utilized pilot rule making

through the CRLO1 Preproposal Statement of Inquiry process for experimental research
treatments (Revised Code of Washington (RCW) 34.05.310). The Forest Practices Board granted
Exemption on 15 February 2007.
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3-2.7.2. Exemption from WADNR Habitat Conservation Plan

The 10 WADNRmanaged study sites are managed under the WADNR HCP (WADNR 1997).
Seven of these 10 sites were buffer treatments @@otwo FP and three 100% treatments).
Exemptions from the HCP riparian conservation strategy, and leave tree and talus slope
requirements were necessary to harvest these seven sites according to treatment specifications.
USFWS granted exemptions from MW&ADNR HCP on 17 January 2007.

3-2.7.2.a. Exemption from WADNR HCP riparian conservation strategy

A two-sided 106ft (30.5-m) riparian buffer is required on Type Np Waters under the WADNR
HCP. We obtained exemption from the WADNR HCP riparian bufferegjyafor all seven

buffer treatment sites located on WADMNRanaged forestlands to allow for either tsided 50

ft (15.2m) riparian buffers (for 100% and FP treatments) or no riparian buffers (for 0%
treatments) along Type Np Waters. Exemption was atpainesl to allow for riparian buffer

lengths that did not contain the entire Type Np Water length for the FP and 0% treatment sites.

3-2.7.2.b. Exemption from WADNR HCP leave tree requirement

The WADNR HCP requires retention of at least three snagwanlive trees for each acre
harvested, on average. Forest Practices rules for western Washington (W-8CG @22 (11b))

require leaving three wildlife reserve trees, two green recruitment trees, and two downed logs for
each acre harvested. However, urfdarest Practices rules, wildlife reserve tree and green
recruitment tree retention areas can include RMZs. In other words, the trees remaining in the
RMZ as part of the required twsided 56ft (15.2m) buffer count towards the Washington State
Forest Pretices leave tree requirement. Since the WADNR HCP and the Forest Practices rules
are different, we obtained exemption from the etgé¢peracre leave tree requirement under

the WADNR HCP for all seven harvested study sites located on WADERaged forgtlands.

3-2.7.2.c. Exemption from WADNR HCP talus slope requirement

Under the WADNR HCP, WADNR provides protection for talus fields. One WABMNRaged
study site (CASED%; Figure 3-16) included a talus slope. The WADNR HCP specifies that a
100+t (30.5m) wide timber buffer will be maintained around talus fields. Forest Practices rules
do not specify protections for talus slopes so we obtained an exemption. No harvest occurred
within the talus slope itself, but a+marvest buffer was not retained arouhd talus.
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Table 3-4. Exemptions from Forest Practices rules and the WADNR HCP necessary to apply
buffer treatments, by treatment and block.

WADNR HCP Rules

FP Rules
Treatment Block Landowner RMZ Buffer RMZ Buffer Leave Tree Talus Slope

0% OLYM Private X
WIL1  Private X
WIL2  State X X X
CASC State X X X X
FP OLYM Private
WIL1  State X X
CASC State X X
100% OLYM  State X X
WIL1  State X X
WIL2  Private
WIL3  State X X

3-2.8. TREATMENT INCONSISTENCIES

Harvest application in the 11 buffer treatment sites went as expected with one minor exception.
During harvest of the 100% treatment in the Willapa 1 bléaure 3-7) in October 2008, 15

small trees (including nine western hemlotkyga heterophyllatwo western redcedar and

four red alderAlnus rubrg, all less than 30 cm (12 in) diameter at breast height) were felled
within the riparian buffer. The trees were located approximateiy 4548 ft) upstream of the

F/N break and just above the road crossing on the mainstem tributary. This oversight was a
function of operator error; the trees were within the no harvest riparian buffer area and one tree
even had a harvest boundary tag oA MVADNR Forest Practices Forester and a Type N Study
field team independently visited the site and neither one saw any direct impacts to the stream.
We observed no evidence of sediment input and no trees felled into or over the stream.
Fortuitously,instream water sampling equipment was located above this point.

3-3. ROADS

The construction and use of forest roads can be a major source of sediment in forested basins
(Reid and Dunne 1984; Ketcheson and Megahan 1996). Sediment that reaches streHiets can a
water quality, fish, and other animal communities (Waters 1995). The primary source of
sedimentation from roads is via road surface erosion, which occurs on all roade{Rubé

2004). Since road crossing locations can be an entry point for rdagese into the stream

channel, and sediment input into streams was a response variable of interest, we documented the
number of stream road crossings in all study sites. In thbgxest period, we verified the

number of stream road crossings in eatd duly through October 2006. The number of stream

road crossings of Type N Waters per site during thénpreest period ranged from O toBaple

3-5). Landowners did construct new roads to facilitate harvest in some treatment sites; however,
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this road construction did not include any crossings of Type N Waters. We discuss road use and
construction in Chapter Ii0Sediment Processespng with estimates of road surface
contiibutions to instream sediment in both the-@ned postharvest periods.

A culvert identified as a blockage to fish passage was replaced at one site (00”6} in
September and October 2006, during thehanevest period. Prior to replacement, the F/dbkr
was located approximately 28 m (92 ft) downstream of the culvert; however, the end of fish
habitat (potential habitat likely to be used by fish, which could be recovered by restoration or
management; WAC 2226-010) had been fieldlentified approximadly 90 m (295 ft) upstream
of the culvert at a Hn (49t) long, 35% (19 degree) gradient cascade presumed to prevent
upstream fish migration. During the second year ofhameest sampling in May 2007, we
observed fish approximately 40 m (131 ft) upsinez the new culvert.

Table 3-5. Number of road crossings over Type N Waters by study site.

_Block Treatment RoadCrossings
OLYM REF
100%
FP
0%
WIL1 REF
100%
FP
0%
WIL2 REF1
REF2
100%
0%
WIL3 REF
100%
CASC REF
FP
0%

O O ON PP DNONDNMNMNONREFPWODNDN

3-4. POST-HARVEST MANAGEMENT ACTIVITIES

The objective of the study was to evaluate the effectiveness of alternative riparian buffers where
all Forest Practices rules were followed, with the exception of those relatedRb#dJnder

Forest Practices rules, a wide range of practices can occur after harvest, so we documented post
harvest management activities, such as herbicide applications and reforestation. Tracking how
study sites were treated in the pbatvest period sy prove useful if this study continues.
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3-4.1. SLASH REMOVAL
3-4.1.1. Upland Slash Removal

Sl ash is defined under Forest Practmorethtan r ul es
3 cubic feet resulting fr o-b6ld).&Generally,slagsh acti ce a
includes large organic material in the form of tree boles and branches that have little commercial
value. Some slash is mechanically gathered from upldtetsharvest and sold for pulp or

biofuel, or burned in slash piles. Mechanical gathering and piling of slash occurred in seven of

11 harvested site3 éble 3-6). Slash piles at five sites were subsequently burned. At one site, a
contractor removed pilesear roads, while piles away from roads were burned. Slash burning

occurred in the fall months (September through December) in 2009, 2010, and 2011. Large

pieces of slash from piles at one site were sold for pulp making.

3-4.1.2. Instream Slash Removal

Current Forest Practices rules were designed to minimize the amount of woody material that
enters the Type N Waters during harvest, including:

1) Felling and buckingWAC 22230-050): (1)Falling along water. (c) Trees may be
felled into Type Np Water if logsra removed as soon thereafter as practical and (2)
Bucking or limbing along water. No bucking or limbing shall be done on trees or
portions thereof lying within the bankfull width of Type S, F, or Np WatelRMZ
core zones, in sensitive sites, or in mmeter areas of Type A Wetlandsd

2) Forest Practices Board Manual SectioG4idelines for Clearing Slash and Debris
from Type Npand Ns Waters whi ch i ncludes fié puwhbtent f o
the machine piling of slash and debris within 3®f. m) of unbuffered stream
banks. o

When a relatively large amount of slash enters the stream landowners may choose, or be
required, to remove it. Not surprisingly, variable amounts of slash existed in our study streams
after treatment applications, atadal instream slash was correlated with treatment type (see
Chapter 8 Wood Recruitment and Loadindjostharvest removal of slash in streams occurred
at only one study site (CASQ%). As a result, this particular site had the least amount of
instreamslash compared to the other 0% treatment sites.

3-4.2. HERBICIDE APPLICATION

Clearcut harvest can result in the recruitment and growth of unwanted vegetation that inhibits the
growth of commercial tree seedlings. The control of competing vegetation to allow
establishment, survival, and growth of commercial tree species is reqnoled Forest Practices

rules (WAC 22234-010 (3)). A variety of manual, mechanical and chemical methods are
available and land management objectives and cost are among the factors landowners consider
when choosing the control methods to apply, if any. ld&tes, such as glyphosate, are

commonly used to control undesirable vegetation in forestry applications. Amphibian mortality
has been linked to products containing glyphosate and surfactants (Relyea 2005); however, the
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impact may depend on herbicide concentration and the timing of the applicationgtlahes

2010). Herbicide was applied in four of 11 harvested sites August 2008 through May 2012
(Table 3-6) following theForest Chemicalshapter of the Forest Practices rules (WAC-332

which specify that pesticides cannot be applied within 50 ft (15.2 m) of Type Np and Ns Waters
with surface water present. In each of the four sites where chemical herbicides were used,
glyphosate was imgded as one of the several herbicides applied, and in all cases a surfactant
was used to improve the performance of the herbicide in spray solution by increasing coverage,
spray retention, and absorption. We tracked herbicidal application, includingcfzoded,
concentrations, and timing at the four sit€al{le 3-6).

3-4.3. REFORESTATION

Reforestation is the natural or planned replanting of trees removed during timber harvest
activities. According to Forest Practices rules (WAC-322 reforestationsi required in clearcut
areas that are not being converted to another use, or where conversion is unlikely. Acceptable
stocking levels are typically defined as a minimum of 190-dislributed, vigorous, undamaged
seedlings per acre of commercial tree sgethat have survived for at least one growing season.
Land managers for all study sites opted for artificial regeneration (as opposed to natural
regeneration). Reforestation was by hand and occurred in study sites ApfiARpei02010

(Table 3-6). Restaking levels ranged from 300 to 500 trees per acre. Four study sites were
replanted exclusively with Douglds (Pseudotsuga menziésiwhile others were composed of

a mix of conifers including Douglag, as well as one or more of western redcedarfeves

hemlock, and nobleApies procerg Pacific silver A. amabilig, and grandA. grandigfirs.

Information about stocking levels and species was not available for two study sites. Reforestation
generally occurred over a single period lasting fromtorfeur months. However, reforestation

in the Willapa 1 FP and 100% treatment sites occurred in two discreet periods. The landowner
replanted most of these two sites in April 2009; however, a small area (northernmost portions of
the 100% and FP treatmematisd a small strip on the west edge of the FP treatment) was not
replanted until JarApr 2010. The majority of the Willapa 3 100% treatment site was replanted

in March 2009; however, the northwest corner of the site (~2 ha [5 ac]) was not replanted until
Jani Mar 2010. For sites where stocking information was available, Dofigtasere 1+1
seedlings and al |seedlngber speciesd were P+1

1 A 1+1 seedling is grown from seed for one year, lifted at the end of the first growing season, and transplanted back
into nursery beds and grown for one more year. A P+1 (i.e., Plug+1) seedling is grown in a greenhouse or shelter
house for nine to 12 méims and then transplanted into a bareroot nursery for a year. The latter method of seedling
husbandry is commonly used for species that are harder to cultivate.
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Table 3-6. Postharvest management activities in buffer treatment sites included in the Type N Studp@@ABAM = Pacific
silver fir (Abies amabiliy ABGR = grand fir A. grandig, ABPR = noble fir A. procerg, PSME =Douglasfir (Pseudotsuga
menzies), THPL = western redcedarlfuja plicatg, and TSHE = western hemlocksuga heterophylla

Herbicide Application SlashRemoval Reforestation
Stocking Stocking
Level Species
Block Treatment Date / Method Product Upland Instream Date (TPA) (TPA)
OLYM 100% August 2010:  Accord None None March 2011 414 PSME (126)
ground (Glyphosate) TSHE (149)
application Chopper THPL (139)
(Imazapyr)
Oust Extra
(with Polaris SP
Sulfomet Extra
SYL-TAC
(surfactant)
FP None November 2011: slash None January 455 PSME
pile burning on landings 2010
0% None November 2011: slash None January 455 PSME
pile burning on landings 2010
WIL1 100% None October 2010: slash pile None April 2009; 300 PSME
burning on landings March 2010
FP None October 2010: slash pile None February 300 PSME
burning on landings 2009;
March 2010
0% August 2008: Razor Pro Octobei Decembe2009: None January proprietary proprietary
aerially by (Glyphosate) slash piles near road March 2010
helicopter (18 SFM+MSM Epro removed by contractor,
ac only) (with: SYL-TAC piles away from road

(surfactant)
EDT-concentrate)

were burned
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Table 3-6. (continued)

Herbicide Application SlashRemoval Reforestation
Stocking Stocking
Block Treatment Date /Method Product Upland Instream Date Level (TPA) Species (TPA)
WIL2 100% None Octobef December  None January proprietary proprietary
2009: slash pile March 2010
burning
0% None SeptembérOctober  None January 375 PSME (300)
2009: mechanized 2009 THPL (75)
removal of large piece
for fiber
WIL3 100% None None None March 2009; 412 PSME (300)
January ABGR (10)
March 2010 ABPR (14)
ABAM (21)
TSHE (42)
THPL (25)
CASC FP July 2009 : July 2009: Accord None None January 4001500 above the
aerially by (Glyphosate), April 2010 L1500 road:
helicopter Chopper Gen 2 PSME (250)
May 2012: (Imazapyr), ABPR (250);
aerially by Oust Extra middle 1/3of
helicopter MSO (surfactant) the unit:
May 2012: PSME (400);
Transline lowest 20 ac:
(Clopyralid), PSME (350)
Spyder THPL (50)
(Sulfometuron
Methyl)
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Table 3-6. (continued)

Herbicide Application Slash Removi Reforestation
Stocking Stocking
Block Treatment Date/Method Product Upland Instream  Date Level (TPA) Species (TPA)
CASC 0% July 2009: July 2009: Accord None May January 400500 above the
aerially by (Glyphosate), 2009: by  April 2010 L1500 road:
helicopter Chopper Gen 2 hand PSME (250)
May 2012: (Imazapyr), ABPR (250);
aerially by Oust Extra middle 1/3 of
helicopter MSO (surfactant) the unit:
May 2012: PSME (400);
Oust Extra, lowest 20 ac:
Transline PSME (350)
THPL (50)
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Legend:
TYPE Np WATERS

Mainstem

Secondary

SENSITIVE SITES

Headwall seep

A Side-slope seep

. Headwater spring
Type Nplintersection

OTHER FEATURES
@ Type Np basin

a Unharvested area

c N/F break

« Culvertstation

w Flume station

== Temperature station

== R0ad

BASE LAYER

National Agricultural Imagery
Program (NAIP) 2011* orthophoto.
Geographic coordinate system: GCS_
North_America_1983_HARN (Source:
WDFW Map Services/Baselmages_V).

Figure 3-2. Study basin map legend. *Note: the Olympic block 100% treatment (CLY0A%)
map displays the NAIP 2009 orthophoto as its base layer.
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Figure 3-3. Type N Waters, sensitive sites and other features in the Olympic block reference
(OLYM-REF).
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Figure 3-4. Type N Waters, sensitive sites and otleatdires in the Olympic block 100%
treatment (OLYM100%). Base layer is the NAIP 2009 orthophoto.
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Figure 3-5. Type N Waters, sensitive sites and other features in the Olyptguk FP treatment
(OLYM-FP).
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Figure 3-6. Type N Waters, sensitive sites and other features in the Olympic block 0% treatment
(OLYM-0%).
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Figure 3-7. Type N Waters, sensitive sites and other features in the Willapa 1 block (from north
to south): reference (WILREF), FP treatment (WILEP) and 100% treatment (WIL100%).
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Figure 3-8. Type N Waters, sensitive sites and other features in the Willapa 1 block 0%
treatment (WIL10%).
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Figure 3-9. Type N Waterssensitive sites and other features in the Willapa 2 block reference 1
(WIL2-REF1).
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Figure 3-10. Type N Waters, sensitive sites and other features in the Willapa 2 block reference 2
(WIL2-REF2).
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Figure 3-11. Type N Waters, sensitive sites and other features in the Willapa 2 block 100%
treatment (WIL2100%).
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Figure 3-12. Type N Waters, sensitive sites and other features in the Willapa 2 block 0%
treatment (WIL20%).
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Figure 3-13. Type N Waters, sensitive sites avttier features in the Willapa 3 block reference
(WIL3-REF).
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Figure 3-14. Type N Waters, sensitive sites and other features in the Willapa 3 block 100%
treatment (WIL3100%).
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Figure 3-15. Type N Waters, sensitive sites and other features in the South Cascade block
reference (CASEGREF).
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Figure 3-16. Type N Waters, sensitive sites and other features in the South Cascade block (from
north to south): 0% treatment (CASI%) and FP treatment (CASKP).
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4-1. INTRODUCTION

Disturbances influence both natural and managed forestlands, and are a normal, even integral
part of longterm ecological dynamics (Daé al.2005). Disturbance processes in Pacific
Northwest forests include avalanches, defloiws, disease, fire, flooding, insects, volcanic
activity and wind (Agee 1993; Fethersteinal. 1995; Frankliret al.2002). With 17 study sites

and data collected ovarfive-year period, it is not surprising that disturbance processes other
than timber harvest activities impacted some study sites over the course of our investigation.
Two disturbance events of note impacted study sites between 2006 and 2010: an extensive
windthrow event in December 2007 that affected multiple study sites, and a wildfire in October
2009 that affected two buffer treatment sites located in the South Cascade block.

4-2. WINDTHROW

From 1’ 4 December 2007, a series of storms caused extensidéwow throughout western
Washington Figure 4-1). Windthrow is defined as a natural process by which trees are uprooted
or sustain severe trunk damage by the wind (WAGI2010). The first of three separate

storms arrived on 1 December 2007 with someagreceiving up to 360 mm (14 in) of snowfall.

On 2 December 2007, a second storm brought more rain and snow, huivicaneinds and
tropically affected temperatures. In as little as two hours, temperatures across the region jumped
from near freezingo above 60 degrees. The storm moved northward through Oregon and
Washington with heavy rain (over 254 mm [10 in] in some areas) falling irh@@4period.

The rapid rise in temperature caused the recent snow to melt quickly, with some rivers reaching
flood stage early on 3 December 2007. A third storm brought sustained winds of 130 km (80 mi)
per hour, with gusts up to 230 km (145 m) per hour. The windstorm resulted in significant
damage to forestlands along the Washington coast from Naselle to nbidlyuam.

Figure 4-1. Images of study site areas impacted by windthrow during December 2007:
WIL1-100% (a) and WILD0% (b).
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This windthrow event occurred within the grarvestsampling period prior to the

implementation of buffer treatments. We were concerned about the impact of windthrow on pre
harvest conditions across our study sites, in particular thditgouest conditions may have
changed, so we sampled again in 2008 gui®r to harvest.

4-2.1. EVALUATION OF WINDTHROW ACROSS STUDY SITES

Preharvest sampling in 2008 included an evaluation of the extent and severity of windthrow
across all study sites. We included an evaluation of aerial photos taken of study sites March
through April 2008, as well as field estimates of downed tree counts within the bankfull channel.

4-2.1.1. Evaluation of Aerial Photos

To estimate the extent and severity of windthrow from the December 2007 storm throughout
each study site, Washington ffeetment of Ecology (Ecology) examined 1:12,000 stereophotos
taken by Washington Department of Natural Resources (WADNR) March through April 2008.
Stereophotos were available for 15 of 17 study sites (excluding the reference and 100%
treatments in the Walpa 3 block). In fall 2008, Ecology delineated each study site on acetate
overlying each photo. We identified and delineated areas of windthrow using a mirror
stereoscope. We categorized windthrow severity by comparing stem counts between areas of
windthron and nearby areas with no visible windthrow, and assigned areas into one of four
numeric categories:

1) Nonevisible,

2) 1% 33% of stemslown,

3) 34% 67% of stems dowrgnd
4) >67% of stemslown.

While this method is not exact given the variability of windthrtve, results of repeated
categorization of the same areas were consistent.

We transferred polygons drawn on acetate to a GIS using landmarks visible on both the
stereophotos and recent orthophotos from 2003 and viewed in ArcGIS (ESRI 2004). We
calculated a estimate of the study site area impacted based on the location of the F/N break for
all study sites (total area impacted). In addition, for the eight study sites with flumes or other
stream flow monitoring equipment in the Willapa 1 and Olympic blockscalculated an

estimate of the impacted area upstream of the equipment (flume area impacted). We estimated
the proportion of total and flume areas, where applicable, within each windthrow severity
category.

4-2.1.2. Field Evaluation

We conducted field eluations of newly downed trees that entered within the stream bankfull
channel in the approximately oiyear period between summer 2007 and 2008. We could not
differentiate between trees that fell as a direct result of the December storm versus tfekks that
for some other reason; however, we assumed that the majority of newly downed trees were due
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to the December windthrow event. We identified newly downed trees Ipy¢bence of green
needles still on branches or freshly disturbed soils around upturned root wads. We conducted
postwindthrow sampling at all study sites from the F/N break along all Type Np Waters to each
channel head. We identified each newly downeel tinat entered into the bankfull channel. We
recorded the exact location (tributary and distance upstream from F/N break), dianietér (>2
cm, 1125 cm, 2650 cm, 51100 cm, and >100 cm), length (011m, >12 m, >24 m, >4 8

m, >8 16 m, and >16 m), decayass (1 = green needles present,id green needles, appearing

to have been dead prior to falling), functidrable 4-1), position Table 4-2 andFigure 4-2),

and the dominant structure type (root, trunk, branch, needle). All evaluations, exddundjting

were for the portion of the tree falling within the bank@liannel.

Table 4-1. Instream function categories for windthrown trees evaluated March through July
2008.

Function Definition
Step Contributes to steformation
Bank Does not contribute to step formation; covers or is buried in Dards

not include pieces lying on top of thank.

Roughness Does not provide step or bank function; provides hydraulic rougtiress
affects flow direction ovelocity.

Over Non- Does not interact with, and is completely suspended over, the bankfull
Functional channel.

Table 4-2. Instream position categories for windthrown trees evaluated March through July 2008
(seeFigure 4-2).

Position Definition

Spanning Tree trunk extends from one bank to the other. No portion dfuhk
extends into the bankfull channel, however, roots, branches or needles
may extend into the bankfudhannel.

Hanging Tree trunk does not éand from one bank to the other, but rather hangs
over from one side only. No portion of the trunk extends into the bankfull
channel, however, roots, branches or needles may extend into the bankfull
channel.

Bank At least one end of the tree trunk extemde the bankfulchannel.
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Figure 4-2. Downed tree instream position categories for windthrown trees evaluated March
through July 2008 (s€Eable 4-2).

4-2.2. RESULTS OF WINDTHROWEVALUATION
4-2.2.1. Aerial Photo Results

Sites visibly impacted by windthrow as observed using aerial photos included all four study sites
in the Willapa 1 block and two of four study sites in the Willapa 2 bldekle 4-3). When all
windthrow severity @dsses were considered, windthrow exceeded 25% of the basin area in the
WIL1-REF,-100% andFP sitesigure 4-3), and was less than 10% for the remaining sites.

We did not note any windthrow on the stereophotos for sites located in the Olympic or South
Cascade blocks. For the eight study sites with instream flow monitoring equipment, four had
windthrow discernable using aerial photdalfle 4-3). Values for total and flume areas

impacted are comparable.

4-2.2.2. Field Evaluation Results

In our field evalation of newly downed trees, we observed 2,380 downed trees across our 17
study sites. The number of newly downed trees at a site ranged from one in the0@AS@58

in the WIL1-100% site. The WILAREF and-100% sites had the largest number of dovireed,

380 and 458 respectivelydble 4-3). However, the total number of downed trees does not
correspond directly to the proportion of the stream channel impacted. To understand the
proportion of a site impacted relative to Type Np Water length, we diedeld stream into
consecutive 10 m intervals and calculated the proportion of 10 m intervals with at least one
newly downed tree. The proportion of Type Np Water length impacted ranged from 0.02 in the
CASC0% to 0.76 in the WILAREF site. The WILAREF and-FP, and the WILD% sites had

the greatest proportion of Type Np Water length impacted (0.76, 0.54 ance8pettively).

The average number of downed trees per interval ranged from 0.02 trees per 10 m interval in the
CASC0% to 6.13 trees per 10 m intal in the WILLREF site. The WIL1100% site had the
highest number of downed trees in a single 10 m interval (36).
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Similarities existedn the results from the aerial photo and field evaluations of windthrow. Both
evaluations indicate that the study sites that were most highly impacted by windthrow were
located in the Willapa 1 and Willapa 2 blocks. However, the aerial photo evaluasarmowable

to discern individual trees or even very small patches of downed trees in some study sites,
including most notably sites located in the Olympic block and the reference in the South Cascade
block. In general, it appears that when either the ptmpoof Type Np Water impacted was less

than 20%, or the number of downed trees per 10 m interval was less than 1.25, the aerial photo
evaluation was not able to detect windthrow. However, the VORa2site had 1.99 windthrown

trees per 10 m interval ancevestimated that 54% of the Type Np Water length was impacted,
while we did not detect any windthrow with the aerial photo evaluation.

Table 4-3. Results of field and aerial photo evaluations of windthrow for study sites included in
the Type N StudyField evaluation includes the total number of downed trees tallied along the
entire Type Np Water length (# downed trees), the proportion of Type Np Water length with one
or more downed trees observed (Type Np Water impacted), and the average numbeedf dow
trees per 10n stream interval (downed trees/10 m). The aerial photo evaluation includes the
proportion of the total study site area (from F/N break) and the flume area (from flow monitoring
equipment, when applicable) impacted by windthrow considetlirtree severity classes.

Aerial photos were not available for the WHREF or-100% sites.

Field Evaluation Aerial Photo Evaluation
Block Treatment Downed T\}//Vp;el\rlp Downed Total Area Flume Area
Trees Trees/10 m Impacted Impacted
Impacted
OLY REF 109 0.15 0.34 0.00 0.00
100% 116 0.18 0.56 0.00 0.00
FP 86 0.17 0.74 0.00 0.00
0% 23 0.16 0.34 0.00 0.00
WIL1 REF 380 0.76 6.13 0.41 0.48
100% 458 0.44 4.24 0.48 0.52
FP 105 0.54 2.19 0.27 0.28
0% 209 0.23 1.28 0.06 0.06
WIL2 REF1 151 0.49 1.72 0.10 -
REF2 223 0.42 2.62 0.08 -
100% 190 0.36 1.16 0.00 -
0% 207 0.54 1.99 0.00 -
WIL3 REF 39 0.10 0.15 Aerial photos ncavailable
100% 18 0.09 0.13 Aerial photos ncavailable
CASC REF 62 0.24 0.33 0.00 -
FP 3 0.03 0.03 0.00 -
0% 1 0.02 0.02 0.00 -
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Legend
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——— Water Courses 1-34%
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Figure 4-3. Windthrow severitywindthrow area intensity) classes for the Willapa 1 block
reference, FP and 100% treatment sites. Area labeleddnest’ is a rock quarry and adjacent
road. The background image is an orthophoto taken in 2003 before the windthrow occurred.
Black outlire is the total study site delineation (total area). Yellow outline is the basin flume
area, or area above instream flow monitoring equipment.

4-2.3. POTENTIAL IMPLICATIONS OF WINDTHROW ON THE
INTERPRETATION OF STUDY RESULTS

Fortunately, since th&indthrow event occurred prior to harvest, we had the opportunity to

collect additional prénarvest data after the windthrow event. Ouripaevest data reflect the

broad range of disturbances that occur throughout the managed forestlands of western
Washirmgton. Windthrow occurred across sites in all treatment assignments, including references.
Regardless of the metric considered (including both aerial photo and field evaluations), our data
indicate that the severity of windthrow was greatest for sitesdddatthe Willapa 1 and 2

blocks, while windthrow severity was comparably moderate for sites located in the Olympic
block, and was generally minimal for sites in the Willapa 3 and South Cascade blocks. We

CMER 201¢ 4-8



CHAPTER4 T UNANTICIPATED DISTURBANCE EVENTS. MCINTYRE AND COLLEAGUES

assigned sites to blockspriori to reduce known variability by grouping sites that were similar;
fortunately, the severity of windthrow among sites in a block was more similar than for sites
between blocks. Nonethelesigta analysis and interpretation for response variables, especially

for riparian vegetation and wood, will require careful consideration of the timing and severity of
the windthrow event, as well as the disproportionate impact across blocks and treatfeents
discuss the potential effect of the windthrow event for each response variable where appropriate.

4-3. WILDFIRE

In October 2009, a pes$iarvest wildfire burned portions of two study sites (CASZand-0%

sites) harvested November 2008 through M&@D9. The fire was extinguished with water from

fire engines and helicopter bucket drops by 14 October 2009, with the exception of a few hot
spots that were not a threat for potential spread. No bulldozers or fire retardants were used. The
fire had no impet to future management plans for the study sites.

The fire affected approximately 12.5 hectares (31 acres) across the two study sites (combined
area 40 ha [100 ac]). A site visit on 22 October 2009 revealed that the 0% site was impacted
more than the FBite. Approximately 6.6 of 14 ha (16 of 36 ac) in the 0% site were affected. The
fire crossed the Type Np Water from approximately 130 m upstream of the F/N break to 40 m
below the uppermost point of perennial flow, for a length of approximately 2&0guré 4-4).

Some areas along the stream burned to the level of soil and ashes, and approximately 200 m of
stream length contained charred logs and wood within the channel. The fire did not directly
affect any sensitive sites. Approximately 5.9 of 26 ha (Ifac) in the FP site were impacted.

The fire did not cross the stream, and therefore did not greatly affect the riparian buffers, but did
come to within feet of the stream in several pla&égufe 4-4). While the riparian buffers

remained intact, someuffer trees had min@corching.

4-3.1. POTENTIAL IMPLICATIONS OF FIRE ON THE INTERPRETATION
OF STUDY RESULTS

We do not anticipate that the forest fire in two study sites will impair our ability to interpret

study results or assign cause and effect to potentiatgppmstharvest changes among

treatments. The forest fire only affected one of three FP and doerdi% treatments, and both

sites are within the same block. Since the application of harvest treatments had already occurred,
very little forest was available to burn. There were trees only in the riparian buffers of the FP
treatment. They were not grBaimpacted.
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Figure 4-4. Area impacted (in red) by the October 2009 forest fire in the FP and 0% treatment
sites in the South Cascade block (study sites outlined in orange). Greeaesodelimeate
riparian buffers.
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5-1. ABSTRACT

This study evaluated tree mortality rates and changes in stand structure in riparian buffers
in response to different buffering strategies for ffish-bearing, perennial (Type Np)
streams on western Washington forestland. Three treatments that difféinedoiroportion

of stream network buffered were compared with unharvested references. Treatments
included the 0% treatment (no buffers), the Forest Practices rule (FP) treatment (minimum
of 50% of Np network buffered) and the 100% treatment (entire Npretwuffered).
Treatment and reference sites were blocked geographically. THe (36.2m) wide
riparian managemerzone(RMZ)and56-ft (17.1-m)radiusperennialinitiation point (PIP)
buffersweresampledeforeandtwo yearsafter harvest Generallinear mixedeffectmodels

were used for betwedreatment and treatmeméferencecomparisons.

Prior to harvest, most streaadjacent stands consisted of dense seagpodith conifers.

Tree density and basal area were lower and broadleaf trees were rhorglant in the

South Cascades block. A grnarvest December 2007 storm generated hurricfanee

winds in coastal southwestern Washington, causing extensive, but patchy, mortality in two
of threecoastalblocks.Little pre-harvestmortality occurredelsewlere. During thefirst two

years posharvest, there were significant differences in tree mortality among treatments.
The highest mortality and greatest reductions in density and basal area occurred in FP
treatment buffers. Postarvest mortality in the FRreatment RMZs was ~18% of initial
density and basal area, over twice the rates in the reference and 100% treatments. There
wasno significantdifferencein mortality betweerthereferenceand 100%treatmentRMZs.

For PIP buffers, mortality rates for thHeP and the 100% treatments were eight times and
over four times the reference rates, respectively. Differences in mortality between FP and
100% treatment PIPs were equivocal. These results are consistent with earlier studies,
including the Westside TypeB\ffer Characteristics, Integrity and Function Study, which
documented higher mortality rates in FP RMZs and PIPs compared to unharvested
reference sites. Pos$iarvest stand structure differed among experimental treatments due to
harvest and subsequent rtadity. Among RMZs, postarvest basal area was highestlire
reference and 100% treatments. Higher mortality in the FP treatment resulted in a lower
mean and range of density and basal area values compared to the reference or 100%
treatments.

The FP tratment was less effective than the 100% treatment in maintaining stable stand
structure in riparian buffers over the short term. Approximately 75% of FP treatment
RMZs and 40% of PIPs are likely to develop as stagle conifer stands through the stem
exdusion phase. In the remaining buffer stands, lower densities (due to wind or fire
disturbance) and reduced competition are likely to produce fagé#iconifer stands if

conifer regeneration is successful. If conifer regeneration is poor, the understpry ma
become dominated by broadleaf trees or shrubs. Local and regional differences in
susceptibility to wind can create a mosaic of riparian buffer stand structure across the
landscape. Since wind and fire are episodic disturbances, additional monitoriagdsah
(and planned) to document changes in mortality rates, determine whether differences
among treatments persist over time, and track patterns of stand development over a longer
timeframe.

CMER 201¢ 5-4



CHAPTERS5 T STAND STRUCTURE AND MORTALITY RATES. SCHUETT-HAMES AND STEWART

5-2. INTRODUCTION

Riparian foests are the interface between the terrestrial environment and aquatic ecosystems,
and play an important role in the productivity of headwater stream channels and aquatic
resources (Gregomt al. 1991; MacDonald and Coe 2007). Streadjacent forests affethe
productivity of aquatic systems by providing: (1) shade that reduces solar energy input to water
and modulates heat exchange (Detrdl. 2008); (2) wood that creates cover, forms habitat, and
stores sediment (Bilby and Ward 1989); (3) leaf littext tontributes nutrients to the aquatic

food chain (Fisher and Likens 1973); and (4) by creating a barrier to delivery of sediment and
slash resulting from timber harvest of adjacent uplands (Jaeksdr2001; Litschert and
MacDonald 2009).

Harvest of timber in forests adjacent to streams can affect inputs of solar radiatiore(@bmi

2006a), litter and nutrients (Richardsetral. 2005), and large wood (Goret al.2006b). The

nature and magnitude of these changes depends on the tyipéeasdy of harvest, site

conditions, and weather. Riparian buffers consisting of strips of leave trees adjacent to the stream
have been used to reduce the effects of timber harvest. However, tree mortality can be extensive
when the edges of these buffare exposed to the wind (Grizzel and Wolff 1998; Grietell.

2000; Liquori 2006; Schuetiameset al.2012), resulting in loss of shade and future input of

wood to the stream.

This study examined the shaerm effects of three experimental ripariarifbr treatments on

tree mortality and associated changes in stand structure. The buffer treatments represent three
points along a continuum of riparian buffering strategies for the network of perennieigimon

bearing streams (Np streams) in headwatsingaThey range from no buffers on any portion of

the network (0% treatment) to complete buffering of the network (100% treatment). The
intermediate, or Forest Practices (FP) treatment, represents the current Forest Practices rules on
private forestlands western Washington, in which a minimum of 50% of the network is

buffered. Tests of the effects of these treatments on residual stand structure are critical to
understanding the broader effects of riparian buffering strategies on inputs to streanes and th
responses of aquatic habitat and biota. Analyses of tree mortality patterns and resulting stand
structures contribute to a broader evaluation of riparian buffering strategies on Type Np streams.
The analyses have two primary purposes: (1) to documentdpeitude of tree mortality and

change in forest structure associated with a range of buffering strategies, and (2) to provide stand
structural data as potential covariates in analyzing responses of other biotic components or
ecological processes in thesgstems.

5-3. OBJECTIVES

The primary objectives of our analyses were to: (1) characterize rates of tree mortality and stand
structure in riparian buffers both prior to and after timber harvest; and (2) determine whether
postharvest mortality and stantriscture differ among experimental treatments defined by the
proportion of the stream network that was buffered. We addressed the following questions in our
analyses:
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1) What were the rates of tree mortality and magnitudes of change in riparian buffer
stand structure during the pharvestperiod?

2) What were the rates of tree mortality and the magnitudes of change in riqudifesin
stand structure during thmstharvesiperiod?

3) Did rates of tree mortality and changes in riparian buffer stand structure differ among
experimental treatments and unharvested reference sites in tHepesperiod?

4) What were the dominant mortality agents and characteridticses that died during
the pre and postharvestperiods?

5-4. METHODS

This section provides an overview of the sampling strategy and methods for data collection and
analysis. We detailed information on the overall study design in Chaptstuzly Degjn.

5-4.1. SAMPLING STRATEGY

We evaluated two riparian management strategies defined by state Forest Practices rules (WFPB
2012). Riparian management zones (RMZs) aré BI6.2-m) wide bands adjacent to both sides

of Type Np streams. Perennial initiatipoints (PIPs) are sensitive sites located at the uppermost
point of perennial flow, surrounded by afi§17.1-m) radius management zorethis study,
management of the RMZs and PIPs varied among the four$eaim experimental treatments
asfollows:

1) 0% treatmentthe entire length of the Type Np stream network and alliAdRs
clearcut to the edge of the stream. The uplands werelalaut.

2) Forest Practice (FP) treatmeApproximately 50% of the length of the Type Np
stream network receiveds®-ft (15.2-m) wide buffer; the remainder of the RM&As
clearcut. The buffered portion is referred to as the FPB treatment and the clearcut
portion as FPU treatment. All PIPs in the FP treatment receivedtd ba1-m)
radius buffer (no trees removeddjacent uplands werdearcut.

3) 100% treatmentA 50-ft (15.2m) wide buffer was retained along the entire lenfth
the Type Np stream network and af5617.1-m) radius buffer was retained around
all PIPs. No trees were removed from these buffsgcent uplands wendearcut.

4) Reference sites\No trees were cut in or adjacent to the RM2t?s.

In portions of some sites, it was not possible to harvest adjacent to the RMZ or PIPs due to the
potential for mass wasting, buffer requirements foaeelt Type F streams, or logistical
constraints. In areas where harvest did not occur, plots in the 0%, FP, or 100% treatments were
not included in the analysis.
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We collected data at 17 sites consisting of-fisi-bearing headwater basins located in
competent lithologies (largely basaltic) across western Washington (see Chiafteidg

Design. We blocked sites by geographic location due g¢poreal variability in climatic and
environmental conditions. The Olympic block was located in the southwestern foothills of the
Olympic Mountains, three blocks were in the Willapa Hills, and one block was in the southern
Cascade Range just north of the @obia River Gorge. We describe site characteristics in
Chapter 2 Study Design

5-4.1.1. Riparian Management Zone Sampling Strategy

Riparian zones present a unique sampling situation due to their shape (narrow linear features)
and extensive variability in stand structure and mortality both along and perpendicular to the
stream. We based our RMZ sampling strategy on the recommendztidasquardt and

colleagues (2010), who found that a series of small strip plots oriented perpendicular to the
stream performed well in characterizing stand structure in headwater stream RMZs. We used a
systematic design to establish permanent sampleipl&®&Zs on the mainstem and on all
tributaries that were long enough to accommodate a plot. Plot density varied with basin size due
to temporal constraints on sampling: at sites with <5,000 ft (<1,524 m) of RMZ (n = 11), we
established plots every 100(80.48 m), thus sampling ~50% of the RMZ. At sites with >5,000

ft (>1,524 m) of RMZ (n = 6), we established plots every 150 ft (45.72 m), sampling ~33% of
the RMZ. As a result, the number of plots varied substantially amongBibkke 5-1).

Table 51. Number of RMZ and PIP plots by block x treatment (site).
Block Treatment RMZ Plots PIP Plots

OLYM REF 44 3
100% 20 2
FP 21 3
0% 10 0
WIL1 REF 14 2
100% 20 2
FP 7 1
0% 21 5
WIL2 REF1 16 2
REF2 15 1
100% 29 2
0% 20 3
WIL3 REF 37 0
100% 25 0
CASC REF 28 3
FP 14 3
0% 9 1
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We established plots systematically in a downstream direction from the upper end of the RMZ.
On each stream, we selectedtarting point of either 0 or 50 ft (0 or 15.2 m) from the

downstream end of the PIP buffer at random. Each plot was 50 x 100 ft (15.2 x 30.5 m), with the
long axis perpendicular to the stream channel, extending out 0 ft (15.2 m) from each side of the
stream, for a total area of 0.115 ac (0.0046 ha). We measured plot dimensions in horizontal
distance using a laser rangefinder with foliage filter. Once we established plots on the mainstem,
we used the same procedure to establish plots on each tributadid\Wot sample plots that
overlapped with plots in adjacent RMZs or that intersected roads.

5-4.1.2. Perennial Initiation Point (PIP) Sampling Strategy

The availability of PIPs varied among sites and treatments due to differences in basin size and
numbes of tributaries. One site had no PIPs, and we did not sample PIPs at the Willapa 3 sites
due to uncertainty about inclusion of this block in the study. We collected data at 34 PIPs in 14
sites Table 5-1). We established PIP buffer plots using a lasegeéinder with a radius of 56 ft
(17.1 m; horizontal distance) and an area of 0.226 ac (0.092 ha). As with RMZs, we excluded
plots that overlapped with those from adjacent streams or that intersected roads.

5-4.2. DATA COLLECTION

In each plot, wecollecte data on all standing |ive and deaf
cm) at breast height (4.5 ft [1.37 m] above ground). Data recorded included the condition (live or
dead), species, and diameter at breast height (DBH). We recorded the canopy alstesyove

understory, or open) for live trees and the mortality agent for trees that died (e.g., wind, erosion,
suppression, fire, insects, disease, and physical damage) when it was podsiielertime.

Detailed information on field methods is availabl&SchuettHames and Roorba¢?010).

We collected prénarvest data during summer 2007 and 2008, with one exception: we did not
sample Willapa 3 block sites in 2007, so we reconstructed 2007 stand conditions from data on
standing and fallen trees in 2008eWbllected posharvest data during the first and second
summers following harvest (2009 and 2010) at all sites.

5-4.3. DATA ANALYSIS PROCEDURES

5-4.3.1. Metrics

We calculated tree mortality as a percentage of initial live tree count (% of stems/yr) and initial
live basal area (% of basal arealyr) for each plot. We expressed rates on an annual basis using a
compounding formula (Shegt al. 1995):

m=100[ INo)YIN (5-1)
where:mis the annual mortality rate (%/yr),
Nois the initial density (or basal area) of live trees,
Nt is the density (or basal area) of live trees at the end of the measurement period; and
tis the length of the measurement period (yr).
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Ingrowth (trees present at the end, but not at the start of the measurement period) were not
included in the calculation. We calculated stand structneditics separately for live and dead
trees for each plot on each sample date. We calculated density (trees/ac), bas&bajea (ft
percent conifer basal area (% conifer basal area as the percentage of total basal area), and
guadratic mean diameter (QMibe square root of the mean basal area for the plot divided by
0.005454).

Metrics for change in stand structure were calculated in thkgkest (200i72008) and post
harvest (20082 01 0) peri ods. We computed prstgmse)ort i onal
basal area (%e&e in basal area) in.a plot as (i

5-4.3.2. Analyses
We addressed the following four questions:

1) What were the prbarvest tree mortality rates and change in sttmdture?

We expressed anal mortality and proportional change in stand structure during thegovest
period as both the proportion of original stems (% of stems/yr) and basal area (% of basal
arealyr). We averaged plot values by site for each plot type (RMZ and PIP), aradusteby
block. We examined frequency distributions of plot values foihargest tree mortality rates
(basal area/yr) and changes in stand structure (basal area) to evalustalplotriability for
each plot type.

2) What were the postarvest tree maality rates and change in stastducture?

We analyzed annual mortality and proportional change in stand structure during thargest

period in a similar fashion to the pharvest data, using 2008 and 2010 as the initial and final
values, respectely. However, we included only the reference, 100%, and the buffered portions
of the FP treatments, because nearly all trees were harvested in the 0% and unbuffered portions
of the FP treatments. We produced frequency distributions similarly.

3) What were tkb postharvest differences among experimental treatments and referaste

To determine podtarvest differences among experimental treatments and reference sites we

used posharvest tree mortality data (% of stems/yr and % of basal area/yr) andesharsgand
structure (%e in stems and %e in basal area),
of the FP treatment, and any other plots that had no trees at the beginning of-tee\pesdt

period.

We conducted all statistical modeling with Generalized Linear Mixed Models (GLMM) using
the GLIMMIX procedure in the SAS 9.2 software (SAS 2013). We conducted separate
analyses for plots in RMZs and PIPs because their prescriptions differed. We fiagfealve

values from RMZ plots for each site, since RMZs are linear features and plots are not
independent. This also helped meet the distributional assumptions of the linear model. We did
not average PIP plots within sites because we assumed they werkyspdgaendent. Mixed
models account for the correlation implicit in hierarchical nesting of PIP plots within sites and
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sites within blocks. An added advantageraked models is that they accommodate missing data
if data are missing at random (SAS 2013).

GLMM can be used to fit data that derive from swmrmal distributions with monotonic link
transformations. In GLIMMIX; it is assumed that a link function toeher distribution can be
used to model data from a set of exponential distributions including the binomial distribution.
The link functions used in this analysis were identity and logit. We used the identity link for
analyses where the residuals (erroveje approximately normally distributed, and the logit link
for tree mortality, which was analyzed as events/trials and was characterized by a binomial
distribution (Table 5-2).

All the statistical models incorporated treatment (including referencefixedseffect and block

as a random effect. For the PIP plots, site was nested within block as a random effect. We
estimated model parameters using Restricted Maximum Likelihood for data with a Gaussian
distribution, and we estimated tree mortality by iettd pseuddikelihood. Random effects are
assumed to be normally distributed (SAS 2013). We determined the covariance matrix for the
fixed-effect parameter estimates and denominator degrees of freedbamflit tests according

to the method of Kenwarahd Roger (1997), which is recommended for unbalanced designs.

The covariance matrices for random effects were based on compound symmetry, which is a form
that arises naturally with nested random effects, as whesasupling error is nested within
experinental error. We visually assessed residuals to see if they met model assumptions. PIP tree
mortality models initially exhibited ovetispersion, which we corrected by including a

multiplicative overdispersion parameter. For each model, we compared gremeé, 100% and

FPB treatments with a set of pairwise contrasts.

Table 5-2. Description of metrics used in the analysis.

Degrees of Freedom

Type Observed Response  Scale n Distribution/Link 100%- FPB- FPU-
REF REF 100%
RMZ %a& i n stems Site 17 Gaussian/ldentity 9.3 9.7 9.9
RMZ %a& i n basal ¢ Site 17 Gaussian/ldentity 9.4 9.8 10.0
RMZ Tree mortality % of stems/yr Site 13! Binomial/Logit 6.2 6.3 7.2
Rz Tree mortality % of basal 0 31 inomialiLogit 6.9 6.5 7.1
arealyr
PIP %a dtems Plot 32 Gaussian/ldentity 8.4 8.0 8.2
PIP %a& in basal ¢ Plot 32 Gaussian/ldentity 8.8 7.3 8.1
PIP  Tree mortality % of stems/yr Plot 24' Binomial/Logit 7.8 7.0 7.6
PIP ;rrggl;';orta'ity%Ofbasa' Plot 24' Binomial/Logit 7.4 6.9 7.3

IExcludes the 0% treatment, unbuffered portion of the FP treatment, and plots that had no trees in 2008.
2Models included an ovetispersion parameter.
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4) What were the dominant mortality agents and characteristics of tredsettiat

To determine the dominant mortality agents and characteristics of trees that died we summarized
mortality data by agent, tregown class, mean diameter, and species. To assess the relationship
between mortality and timing of windstorms, we used daily data (NOAA National Climate Data
Center 2013a) from three weather stations closest to the study blocks: Hoquiam, Washington
(nearthe Olympic block); Astoria, Oregon (near Willapa 1 and 2); and Portland, Oregon (near
Willapa 3 and South Cascades). Daily records of the highestdisend wind speeds were used

to determine the number of days before and after harvest when speeds@xtieettiteria for
stormforce winds (24.633.1 m/s) or hurricantorce winds (33.150.1 m/s) according to the

Beaufort wind scale (NOAA National Weather Service 20138lppéndix Table5-A-1).

5-5. RESULTS

5-5.1. PREHARVEST TREE MORTALITY AND STANDSTRUCTURE

5-5.1.1. Initial Stand Structure

There was substantial variation in stand structure among sites at the beginning of the study.
Secondgrowth conifers dominated most stands. In the RMZs, initial live density ranged from

91.0 to 385.5 trees/ac (2® to 952.6 trees/ha&ppendix Table 5A-2). Initial basal area ranged

from 113.8t0 317.8% a c ( 2 6 ¥ha)iCoriferslaccounted for 5100% of the basal area.
Among PIPs, initial |l ive density ramged from
Appendix Table 5-A-3). Initial basal area ranged from 53.2t03030faic ( 12%ha)i 6 9. 7 m
Conifers accounted for 8.600% of the basal area.

Initial stand structure varied among blocKslfle 5-3). For both RMZs and PIPs, mean live tree
density wa highest in the Willapa 2 block. Basal area was comparable among the three Willapa
blocks, but lower in the Olympics and South Cascades blocks. The Willapa 3 and South
Cascades block RMZs had the lowest mean density and largest QMDs. Stand density in both
RMZs and PIPs was much lower in the South Cascades block than in other blocks. Live basal
area was also lower in the South Cascades block, although the difference was not as great
because the mean diameter of trees in the South Cascades block washighemost other

blocks. Conifers contributed less to total basal area in South Cascades than in the other blocks.
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Table 5-3. Initial live density, basal areguadratic mean diameter and percent conifer basal area
for RMZs and PIPs. Values are site averages within blocks.

Block Live Tree Density Live Tree Basal Area Live Tree QMD % Conifer
trees/ac(trees/ha) ft?/ac (mé/ha) inches (cm)  Basal Area
RMZs
OLYM  210.9 (521.0) 182.8 (42.0) 12.9 (32.7) 87.4
CASC 111.7 (276.1) 158.5 (36.4) 16.6 (42.1) 53.6
WwiL1 231.1 (571.0) 233.2 (53.6) 13.9 (35.3) 96.8
WIL2 273.9 (676.9) 226.2 (51.9) 12.7 (32.2) 92.1
WIL3 178.6(441.3) 235.2 (54.0) 16.4 (41.5) 89.1
PIPs
OLYM  173.4 (428.5) 202.3 (46.4) 14.7 (37.4) 99.4
CASC  102.7 (253.7) 141.6 (32.5) 15.5 (39.4) 61.5
WwiL1 222.4 (549.6) 241.9 (55.5) 14.3 (36.3) 97.4
WIL2 247.8 (612.3) 248.8 (57.1) 13.5 (34.4) 98.1

Initial stand structure also varied within blocks. Among RMZs;teisite variation in basal area
was high in the Willapa 1 and South Cascade blocks and low in the Olympic block. Among
PIPS, there was relatively little variation in initial basal arearaysites in the Olympic block
compared to the other blockSigure 5-1).
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We observed variability among blocks in the initial density and characteristics of dead trees
(Table 5-4; Appendix Tables 5A-4 and 5A-5). Dead trees were most abundant in the South
Cascades block anddst abundant in the Olympic block. Conifers contributed much less to the
basal area of dead trees in the South Cascades block than elsewhere, paralleling the pattern for
live conifer basal area.

Table 5-4. Variation among blocks in initial (2007) detide density, basal area, quadraigan
diameter and percent conifer basal area for RMZs and PIPs. Values are site averageaachithin
block. Metric units are shown parentheses.

Dead Basal Areain  Dead QMD in % Conifer

Dead Tree Densityin

Block trees/ac(trees/ha) ft?/ac (m2/ha) in (cm) Basal Area
RMZs
OLYM 16.6 (41.1) 9.1(2.1) 9.4 (23.8) 83.2
CASC 41.9 (103.5) 104.8 (24.1) 19.8 (50.4) 49.9
WIL1 28.6 (70.7) 18.9 (4.3) 9.6(24.4) 89.8
WIL2 34.2 (84.5) 23.4 (5.4) 9.2 (23.4) 94.4
WIL3 32.7 (80.9) 43.8 (10.1) 11.5(29.1) 89.9
PIPs
OLYM 18.7 (46.1) 9.7 (2.2) 9.7 (24.6) 99.4%
CASC 34.9 (86.2) 55.5 (12.8) 13.2 (33.5) 32.4%
WIL1 25.2 (62.3) 13.2 (3.0) 9.8 (25.0) 94.9%
WIL2 21.0 (51.9) 9.0 (2.1) 8.8 (22.4) 89.0%

5-5.1.2. PreHarvest Tree Mortality Rates

During the preharvest period, 838 of 9,938 total live trees died (8.4%). Annual mortality rates
pre-harvest (200i72008) varied substantially among sitégpendix Table 5A-6). In RMZs,

annual mortality rates ranged from 0% to 39.8% of live stems (average of 8.6%) and from 0% to
38.9% of live basal area (average of 8.0%). Mean annual mortality rates in PIPs were somewhat
higher and more variable, ranging from 0%5@9% of live stems (average of 12.1%) and from

% to 46.1% of live basal area (average of 11.2%).

Among RMZs, the vast majority of sites experienced little (<10%/yr) or no mortality

(Figure 5-2). Within PIPs, a greater proportion of sites (35%) expercgtnoederate rates of
mortality (>10 20%/yr for both stems and basal area). Few sites had mortality rates >20%/yr for
either mortality metric.
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Figure 5-2. Distributions of meapre-harvest mortality rates among sites, expressed as a
percentage of initial live stem count (left panel) and live basal area (right panel) per year.

Among geographic locations, mortality in % of basal area/yr was notably higher in the two
coastal block (means of 21.5% in Willapa 1 and 9.7% in Willap&igure 5-3).

Figure 5-3. Preharvest mortality rates (% of basal area/yr) for RMZs (left panel) and PIPs (right
panel) by block. Values are site means.

Among plots, the frequency distributionspercent mortality were similar for the Olympic,

South Cascades and Willapa 3 blodkg(re 5-4). Most plots had no mortality and many others
lost <10% of initial basal area. In contrast, fewer (~30%) of the RMZ plots in the Willapa 1 and
2 blocks had nmortality and some plots experienced over 50% mortality. The pattern was
generally similar for plots in PIPs, although rates did not exceed Bigfdré 5-4).
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