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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
legislation. The purpose of this program is to:

Provide science-based recommendations and technical information to assist the
FPB in determining if and when it is necessary or advisable to adjust rules and
guidance for aquatic resources to achieve resource goals and objectives. The
board may also use this program to adjust other rules and guidance. (Forest
Practices Rules, WAC 222-12-045(1)).

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 FPB empowered CMER to conduct research, effectiveness monitoring, and
validation monitoring in accordance with WAC 222-12-045 and Board Manual Section 22.

Report Type and Disclaimer

This technical report contains scientific information from research or monitoring studies 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 Cooperative Monitoring, 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 oversight of the Riparian Scientific Advisory Group (RSAG).

This document was reviewed by CMER and was assessed through the Adaptive Management
Program’s independent scientific peer review process. CMER has approved this document for
distribution as an official CMER document. 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 not reflectthe
views of all CMER members.

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 Program. Reliance 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.

Proprietary Statement

This work was developed with public funding; as such, it is within the public use domain.
However, the concept of this work originated with the Washington State Forest Practices
Adaptive Management Program and the authors. As a public resource document, this work
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EXECUTIVE SUMMARY

Aimee Mclntyre, Marc Hayes, William Ehinger, Dave Schuett-Hames, 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 western Washington, are largely understudied relative to their frequency in the landscape. We
evaluated the effectiveness of riparian forest management prescriptions for small non-fish-
bearing (Type N) headwater stream basins in western Washington by comparing current
prescriptions to alternatives with longer riparian leave-tree buffers and no buffers. We looked at
the magnitude, direction (positive or negative), and duration of change for riparian-related inputs
and response of instream and downstream components (see Chapter 1 — Introduction and
Background). The focus of the study was on Forests and Fish-designated species of stream-
associated amphibians. We also evaluated riparian processes affecting in-channel wood
recruitment and loading, stream temperature and 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 1 for 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 associated species.

We used a Before-After Control-Impact (BACI) study design with blocking to examine how
harvest treatments influenced resource response. We collected pre-harvest data from 2006
through 2008 and post-harvest data from 2009 into 2011 (see Chapter 2 — Study Design). Study
sites included 17 Type N stream basins located in managed second-growth 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 evaluated four experimental treatments, including an
unharvested Reference (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 treatments included the following: 100% treatment (a two-sided 50-ft [15.2-m] riparian
leave-tree buffer along the entire riparian management zone [RMZ; n = 4]); FP treatment (a
two-sided 50-ft [15.2-m] riparian buffer along at least 50% of the RMZ, consistent with the
current Forest Practices buffer prescription for Type N streams [n = 3]); and 0% treatment
(clearcut harvest throughout the entire RMZ [n = 4]). The buffer treatments were implemented
between October 2008 and August 2009 (see Chapter 3 — Management Prescriptions). Results
presented in this summary include those that had statistically significant pre- to post-harvest
changes that differed between treatments (alpha of 0.05 or 0.1, depending on the response and
clarified in each chapter).

We found that harvest 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 FP treatment RMZ buffers and
the buffers surrounding the uppermost points of perennial flow (PIPs; see Chapter 5 — Stand
Structure and Tree Mortality Rates in Riparian Buffers). Mortality and tree fall rates in FP
treatment RMZs were significantly greater than in either 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. Windthrow-associated tree fall in riparian buffers increased large
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wood (>10 cm [4 in] diameter) recruitment to channels in the 100% and FP treatments (see
Chapter 6 — Wood Recruitment and Loading). However, the vast majority of recruited trees were
completely suspended above the active stream channel. We observed a significant post-harvest
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 increase in in-channel large wood in all three buffer
treatments relative to the reference. Increases in in-channel wood loading in treated sites may
have been responsible for the changes we saw in stream channel characteristics. We observed a
significant post-harvest increase in stream pool length in all three riparian buffer treatments (see
Chapter 11 — Stream Channel Characteristics). The pre- to post-harvest change in stream
bankfull and wetted widths, and the proportion of the stream channel rise attributed to steps, was
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 July—August period (see Chapter 7 — Stream
Temperature and Cover). Both 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 pre-harvest conditions downstream from the harvest unit (i.e.,
within 100 m downstream of the harvest boundary); however, stream temperature remained
above pre-harvest levels at five of the six sites where downstream recovery could be assessed.
While we observed post-harvest reductions in canopy across all riparian buffer treatments, that
reduction did not result in differences in biofilm ash-free dry mass (AFDM) or chlorophyll a by
treatment following harvest (see Chapter 13 - Biofilm and Periphyton).

We measured discharge, SSE and nutrient 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 Chapter 8 —
Discharge). 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 100% treatment 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 the FP, and increased 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 Processes). 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 clearcut harvest
implementation or in the two year post-harvest 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 nitrate-N concentrations increased in all 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 other buffer treatments (see Chapter 9 — Nutrient Export).
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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 0% treatment; however, we observed statistical differences only
for deciduous inputs between the 0% treatment and the other treatments (see Chapter 12 —
Litterfall Input and Detritus Export). Total detritus export decreased in the 0% treatment relative
to the reference, 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 feeding groups (see
Chapter 14 — Macroinvertebrate Export). Collector-gatherer 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 effects for stream-associated amphibians (Coastal Tailed Frog [Ascaphus truei], and
torrent [Rhyacotriton] and giant [Dicamptodon] salamanders) were variable among genera and,
for tailed frogs, life stage (see Chapter 15 — Stream-associated Amphibians). We found statistical
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 0% treatment. Post-metamorphic 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 slash in 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 trout (Oncorhynchus clarkii)
density and population structure downstream of study sites were highly variable across sites,
months and years (see Chapter 16 — Downstream Fish). Variability in total fish abundance was
not correlated with physical stream habitat metrics such as gradient and percent pool area.
Consistently low recapture rates for passive integrated transponder (PIT)-tagged 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 years post-harvest, the 100% buffer treatment was the most effective in
maintaining pre-harvest conditions, the FP was intermediate, and the 0% treatment was least
effective compared to reference sites (see Chapter 17 — Summary and Discussion). The 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 large wood recruitment, 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, riparian cover, detritus and macroinvertebrate export and
giant salamander density. While post-harvest differences in the response of treatments were
readily apparent across a suite of variables, we noted no consistent negative impacts for stream-
associated amphibians.
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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 contention over the adequacy 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 consensus to make the best decisions for the management of
forest-based natural resources in Washington. The high-level goals of TFW covered fisheries,
wildlife, archeological and cultural resources, water quality and quantity, and the forest products
industry. All 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 by establishing Riparian
Management Zones (RMZs) near the banks of streams, rivers and lakes. The timber industry
agreed to leave trees along fish-bearing streams to provide shade and a source of wood for
recruitment to the stream, and to help stabilize stream banks to 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 potential policy 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 questions 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 endangered or threatened 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 Forests and 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 well-funded and 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 and Fish Agreement (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, Washington State Department 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 landowners. The goal was to “develop biologically sound and economically
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practical solutions that would improve and protect riparian habitat on non-federal
forestlands in the State of Washington” (USFWS 1999). These rules were designed to
meet the four focal goals that the WFPB had established:

a. Provide compliance with the ESA for aquatic and riparian-dependent species
(including Forests and Fish-designated stream-associated amphibians),

b. Restore and maintain riparian habitat to support a harvestable supply of fish,
c. Meet the requirements of the CWA for water quality, and
d. Keep the timber industry economically viable in the state of Washington.

2) The requirement for a formal vehicle to move the process forward. This included:

a. An adaptive management coordinator to administrate the science program within
CMER so that robust science needed to answer questions on the impacts of forest
management could be developed in an environment insulated from potential
policy bias, and to provide a link to a policy stakeholder group to enable
reciprocal information flow between policy makers and scientists.

b. A formal policy stakeholder group that could decide how adaptive management
science might alter Forest Practices rules, and inform the adaptive management
science program of important questions that science might address.

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 NON-FISH-BEARING STREAMS UNDER
FOREST PRACTICES 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 non-fish-bearing streams, improvement of forest
roads and culverts, and identification and protection of unstable slopes, among others.

Non-fish-bearing “headwater” streams, or Type N Waters, comprise more than 65% of the total
stream length on forestlands in western Washington (Rogers and Cooke 2007). During
negotiations leading to the development of current Forest Practices rules, scientists representing
the various stakeholder groups had to address which aquatic and riparian-dependent species
would be the focus of protection 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 stream-associated 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 STATEMENT - 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 provided clear guidance addressing riparian buffer
design, most notably for stream-associated amphibians. Moreover, the few studies available
(some of which did not have published results until some years after negotiations were finalized)
were either retrospective (Bisson et al. 2002; Raphael et al. 2002), or lacked the power needed to
interpret observed responses for the aquatic resources specified in Forest Practices rules
(O'Connell et al. 2000; Jackson et al. 2003). As a consequence, CMER directed a study, the
“Type N Experimental Buffer Treatment Study” (hereafter, Type N Study), that would allow
more confident conclusions to be drawn about the relative effectiveness of alternative riparian
management prescriptions in meeting Forest Practices resource goals for Type 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 prescription 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 which prescription(s) 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 critical question 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 the response of instream (amphibians,
water temperature, habitat) and downstream components (export of nutrients, organic matter,
macroinvertebrates, and sediment; water temperature; and fish in the downstream fish-bearing
[Type F] reach) associated with a range of experimental 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 Practices rules,
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 various in- or near-
channel, upland, and downstream export variables. 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
Obijectives and Performance Targets for adaptive management, outlined in Schedule L-1 of the
Forests and Fish Report (USFWS 1999). The Overall Performance Goals defined in Schedule
L-1 are to uphold forest practices that will not, either singly or cumulatively, significantly impair
the capacity of aquatic habitat to: a) support harvestable levels of salmonids, b) support long-
term viability of other covered species, 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 of both 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 Targets). Our study was designed
to evaluate whether Forest Practices rules pertaining to Type N Waters produce forest conditions
(and processes that create those conditions) that achieve agreed-upon Resource Objectives. We
identified key response variables that would enable us to address Resource Objectives for
watershed functions affected by forest practices, which included:

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

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

3) Sediment: Provide clean water and substrate and maintain channel-formingprocesses
by minimizing to the maximum extent practicable 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 sediment to streams.

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

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 habitat-forming processes. We utilized energy pathway and landscape conceptual
models to aid in the selection of response variables for inclusion in the study; for an in-depth
discussion of the energy and landscape pathway conceptual models used, see Appendix Il in
Hayes et al. (2005). For example, the energy pathway conceptual model can be used to illustrate
how alternative riparian buffer configurations may affect stream-associated amphibians and
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downstream exports to Type F (fish-bearing) Waters. Stream-associated 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 could affect amphibians and downstream exports through changes to stream
temperature (Johnson and Jones 2000), primary productivity (Murphy 1998), or invertebrate
composition or abundance (Hawkins et al. 1982; Hawkins 1988), among other things.

Selected response variables 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 characteristics,
periphyton, macroinvertebrates, stream-associated 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 and associated
constraints important to the study design (Table 2-1). The inclusion of stream-associated
amphibian species as a response variable placed important constraints on site selection. Six of
the seven Forest Practices-designated amphibians occur exclusively (n = 5) or largely (n = 1) in
Westside forestlands (Figure 2-1). We selected sites that supported four of these amphibian
species: Coastal Tailed Frog (Ascaphus truei) and Olympic, Columbia, and Cascade Torrent
Salamanders (Rhyacotriton olympicus, R. kezeri, and R. cascadae). The remaining three Forest
Practices-designated amphibians not covered in our study include the Rocky Mountain Tailed
Frog (A. montanus), and Dunn’s (Plethodon dunni) and Van Dyke’s (P. vandykei) Salamanders.
Rocky Mountain Tailed 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 no free-living (i.e., aquatic) larval stage, and therefore
require different sampling techniques than the species that were a focus of this study. Although
Coastal (Dicamptodon tenebrosus) and Cope’s (D. copei) Giant Salamanders are not covered
under Forest Practices rules, they were included in the study for two reasons: (1) they co-occur
with designated species throughout the study area; and (2) Cope’s Giant Salamander, along with
the Coastal Tailed Frog, occurs throughout the entire study area and was appropriate for the
amphibian genetic component of the 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, 2004-2006.

Step in Criterion Limit
Process
Study design Geographic Olympic Mountains, Willapa Hills, and South Cascade (south of
criteria range the Cowlitz River) physiographic regions of Washington State
Elevation <1,067 m (3,500 ft) for the Olympic region
<1,219 m (4,000 ft) for the South Cascade region
No limit for the Willapa Hills region
Stream gradient 5-50% (3-27 degrees)
Lithology Competent (or any lithology that could potentially be competent,
i.e., potentially producing long-lasting large clasts or coarse grain
sizes)
Type N basin 12-49 ha (30-120 ac)
size
Stream order Second-order stream basins (Strahler 1952)
Stream network ~ Minimum of 75 m (246 ft) of stream between the F/N break and
geometry nearest downstream tributary intersection
Ownership Stand age >70% of stands in study site between 30 and 80 years old during
criteria harvest treatment window
Harvest timing Buffer treatment sites: harvest Apr 2008—Mar 2009;
References: no harvest
Area owned >80% owned by single participating landowner
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Figure 2-1. Physiographic regions of Washington State and distributions of stream-associated
amphibian species by region. Forest Practices-designated amphibians (yellow font) included in
our study were Coastal Tailed Frog (Ascaphus truei; ASTR) and Olympic (Rhyacotriton
olympicus; RHOL), Columbia (R. kezeri; RHKE) and Cascade (R. cascadae; RHCA) Torrent
Salamanders. Forest Practices-designated amphibians not included in our study were Rocky
Mountain Tailed Frog (A. montanus; ASMO), and Dunn’s (Plethodon dunni; PLDU) and Van
Dyke’s (P. vandykei; PLVA) Salamanders. Coastal (Dicamptodon tenebrosus = DITE) and
Cope’s (D. copei = DICO) Giant Salamanders (in white 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 Practices-designated amphibians (Jones et al. 2005). We further limited
selection of study sites based on factors known to influence the distribution of these amphibian
species. For example, Forest Practices-designated amphibians rarely occur above 1,219 m (4,000
ft) elevation in Washington State and the upper elevation limit within their range declines
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slightly with increasing latitude (Dvornich et al. 1997). Consequently, we limited sites to those
located at elevations less than 1,067 m (3,500 ft) and 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 amphibian 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 2002); therefore,
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! (Dupuis et al. 2000; 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 Tailed Frogs rarely reproduce in small (often first-order) basins in western Washington
(Hayes et al. 2006) we initially restricted site selection to include second-order streams (Strahler
1952); however, we later found it necessary to relax the stream order criteria to include first-,
second-, and third-order 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 Type N basin? where possible. Additionally, we were
interested in studying harvest units that were operationally meaningful (Mcintyre et al. 2009).
Landowners indicated that the minimum unit size typically harvested was about 12 ha (30 ac),
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 reduce confounding 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 that there were no 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 on commitments 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 with 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 ownership of the same
study site would greatly complicate the coordination and implementation of treatments, we

! Competent lithologies produce long-lasting, large, durable clasts or coarse grain sizes.
2 Type N basins are the extent or area of land where surface water from 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 more than 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 Np and 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 with no fish habitat and no surface flow for at least some portion of a year of normal
rainfall (WAC 222-16-030). Riparian management prescriptions for Type N Waters vary by
water type and location, that is, east versus west of the Cascade Mountain crest. The RMZ 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 30-ft (9.1-m) wide zone measured
horizontally from the outer edge of the bankfull width of Type Np or Ns Waterwhere
equipment use and other forest practices are specifically limited. On-site mitigation is
required if ground-based equipment, skid trails, stream crossings (other than existing
roads), or partially suspended cabled logs exposes the soil on more 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 sediment delivery.

2) Riparian protection: A two-sided 50-ft (15.2-m) wide no-harvest riparian buffer
along at least 50% of the Type Np stream length, including:

a. Stream buffer: Required two-sided buffers must start at the F/N break and
continue upstream for: (1) a minimum of 500-ft (152.4-m) 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. Sensitive site buffers: No-harvest buffers specific to each sensitive site category
(WAC 222-16-010; Table 2-2).

The precise distribution of buffered reaches depends on the locations of sensitive sites and other
priority features (WFPB 2001). Rules were negotiated to 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 50-ft (15.2-m) no-harvest
seep topographical feature and at the head of a Type Np Water  buffer around the outer
which connects to the stream channel network via overland  perimeter of the
flow, and is characterized by loose substrate and/or perennially saturated area
fractured bedrock with perennial water at or near the
surface throughout the year
Side-slope Seeps within 100 ft (30.5 m) of a Type Np Water located 50- ft (15.2-m) no-harvest
seep on side-slopes which are >20%, connected to the stream buffer around the outer
channel network via overland flow, and characterized by perimeter of the
loose substrate and fractured bedrock, excluding muck, perennially saturated area
with perennial water at or near the surface throughout the
year
Type Np Intersection of two or more Type Np Waters 56-ft (17.1-m) radius no-

intersection

Headwater
spring

Alluvial fan

Permanent spring at the head of a perennial channel,
coinciding with the uppermost extent of Type Np Waters

An erosional land form consisting of a cone-shaped
deposit of water-borne, often coarse-sized sediments

harvest buffer centered on
intersection

56- ft (17.1-m) radius no-
harvest buffer centered on
spring

No harvest within

2-4. EXPERIMENTAL DESIGN

The design included a pre-harvest period of data collection, the implementation of clearcut
harvests with alternative riparian buffer configurations, and a post-harvest period of data

collection.

2-4.1. BEFORE-AFTER CONTROL-IMPACT (BACI) DESIGN

We used a Before-After Control-Impact (BACI) design whereby we established baseline
conditions across study sites, implemented harvest at buffer treatment sites and continued
monitoring response variables of interest after harvests were applied. The BACI design allowed
us to compare harvested sites to both their pre-harvest baseline conditions as well as to
unharvested references. An advantage of this design is that it controls for the effect oflarge-scale
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 the pre- versus
post-harvest periods (Smith 2002), allowing us to determine whether observed differences
among treatments are associated with environmental variation or forestry practices. The study
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design incorporated three years of pre-harvest sampling 2006—-2008, and two years of post-
harvest sampling 2009-2010. The minimum pre- and post-harvest period considered sufficient to
capture natural annual variability inherent to forested landscapes in western Washington is two
years; however, 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 year post-harvest 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 year post-harvest period,
then this design would allow sampling over a longer period to monitor recovery during a harvest
rotation.

2-4.2. EXPERIMENTAL TREATMENTS

Study sites were Type N basins of second-growth forested stands. To maximize the potential
impact of alternative riparian buffer treatments, we requested that clearcut harvests be applied to
the entire Type N basin. Landowners were mostly successful in fulfilling this objective, with a
few exceptions (see section 3-2.4. Areas Within Buffer Treatment Sites Where Clearcuts Could
not be Applied). We established four treatments: three buffer treatments with clearcut harvestand
riparian buffers of variable length, and a reference (i.e., control) with no timber removal. The
four experimental treatments included (Figure 2-2):

1) Reference (REF): unharvested reference with no timber harvest activities within the
entire study site during the study period,

2) 100% treatment (100%b): clearcut harvest with a riparian leave-tree buffer (i.e.,two-
sided 50-ft [15.2-m]) throughout the RMZ,

3) Forest Practices treatment (FP): clearcut harvest with current Forest Practices
riparian leave-tree buffer (i.e., clearcut harvest with a two-sided 50-ft [15.2-m]
riparian buffer along >50% of the RMZ, including buffers prescribed for sensitive
sites—side-slope and headwall seeps, headwater springs, Type Np intersectionsand
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 shorter (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 1 — Introduction and Background).

Harvest followed Forest Practices rules with the exception of the riparian buffer maintained
within the RMZ. A 30-ft (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 of riparian 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. Research on
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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 (Olson et al. 2002). Given that the riparian buffers for Type Np Waters in 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 experimental treatments 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 RMZ: two-sided 50-ft (15.2-m)
riparian buffers of 100%, Forest Practice (FP), and 0%. FP and 100% treatments include 56-ft
(17.1-m) radius buffers around Type Np intersections and headwater springs. All streams are
protected by a two-sided 30-ft (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 and the site-selection
process, see Mclintyre and colleagues (2009). Based on the study design criteria listed in Table
2-1, we used a Geographic Information System (GIS), specifically ArcMap (ESRI 2004), first to
identify 35,957 Type N basins within our geographic range 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 based on a GIS-logistic 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. ON-SITE VALIDATION OF STUDY DESIGN AND OWNERSHIP
CRITERIA

We conducted on-site 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 visited. In the end, we identified 131 sites that met
study design and ownership criteria (<0.5% of the total Type N basins originally 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 Practices-designated amphibians were
present. We detected Forest Practices-designated amphibians at 48 study sites, further reducing
the number of potential study sites to 0.1% of the original pool of Type N basins.

On-site electrofishing surveys conducted between December 2005 and June 2006 revealed
inaccuracies in the GIS -logistic 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. Thirty-seven (77%) had field
verified F/N breaks located downstream of the modeled F/N break locations 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 field-verified locations of 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 Type N basin 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 layer used to determine stream order.
The primary reason for restricting site selection to second-order basins was to increase the
likelihood that Forest Practices-designated amphibians would be present. We were able to relax
our criteria for stream order to include the few remaining first- and third-orders sites in our
candidate pool based on the field verification of the presence of Forest Practices-designated
amphibians.
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2-5.3. LANDOWNER HARVEST TIMING 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 management further reduced the candidate pool of
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 that met 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 purposes were inplace.

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 we considered 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 16 — Downstream 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 (Olympic, Willapa 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 region (Figure 2-3).

As noted earlier, all participating landowners committed to allowing pre- and post-harvest
monitoring throughout the initial study period, 2006—2010: landowners contributing buffer
treatment sites to the study committed to harvest those sites during the period April 2008 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 treatment sites until 2020 to accommodate sampling
10 years post-harvest. 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). Post-harvest 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; Luikart et al. 1998).
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0%

Willapa 1 0%
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Willapa 2
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Willapa 3

Figure 2-3. Distribution of study sites and treatment allocation for the Type N Study, 2006—
2010. Study sites are blocked (grouped) based on geography. The five blocks are color-coded
such that sites in a block are the same color. REF = reference sites and 100%, FP, and 0% =

0%  100%

(@)

REF e i
B 4
South 0% REF

Cascade | FP

100%, Forest Practices and 0% buffer treatments, respectively.
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We were not able to assign some treatment types to particular study sites; unharvested references
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 prevented us from 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 suitable 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 response portion of the
study (see Mclintyre et al. 2009 and Chapter 16 — Downstream Fish for details). Given these
constraints, we randomized the assignment of treatments in blocks as follows:

1) Olympic block (OLYM): We randomly assigned treatments to each of the four study
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 fish response.

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 wanted 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 state forestland, and one was on privately owned
forestland and was only available as a buffer treatment. Of the four state-owned sites,
we randomly selected two as unharvested reference sites (one for the Willapa 1 “fish
block” and one for the Willapa 2 block). The remaining two sites became buffer
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 treatment sites 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 fish response.

3) Willapa 2 block (WIL2): We randomly assigned buffer treatments to the remaining
three study 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 a second reference in this block. None of the sites in this block were
included in the assessment of export variables or downstream fish response.

4) Willapa 3 block (WIL3): The two geographically separated study sites located south
and east of the eight coastal sites 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 sites was suitable 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 Cascadephysiographic
region was located 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 unfavorable economic 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 fish response.

We established an acronym 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 report (Table 2-3).

Table 2-3. Blocks, treatments, and study site acronyms used in tables and figures throughout the

Type N Study final report.

Block Treatment Type S,At}é(rjgn?,l;?
Olympic Reference OLYM-REF
100% treatment OLYM-100%
Forest Practices treatment ~ OLYM-FP
0% treatment OLYM-0%
Willapa 1 Reference WIL1-REF
100% treatment WIL1-100%
Forest Practices treatment ~ 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 CASC-REF
Forest Practices treatment ~ CASC-FP
0% treatment CASC-0%

CMER 2018
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2-7. STUDY SITE DESCRIPTIONS

After final considerations based on 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, first-, second- and third-order stream basins located
over a large geographic area of western Washington. Drainages included in the 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 River and Trout Creek in the South
Cascade physiographic region (45.81° to 47.65°, —122.26° to —124.20°, elevation 22 to 601 m
[72 to 1,972 ft]).

The climate in western Washington, as described by the Western Regional Climate Center
(wrcc.dri.edu), is cool and comparatively 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 occurring along the
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 estimated 30-year (1981-2010) minimum and maximum
monthly temperatures were —2.4°C to 1.2°C (27.7 to 34.2 Fahrenheit) and 22.2°C to 25.0°C
(72.0 to 77 Fahrenheit) across our sites in December and August, respectively (PRISM Climate
Group 2013). The average estimated annual precipitation over that same 30-year period was
2,242 to 3,855 mm (88 to 152 in) across our study sites. Study sites were located in managed
second-growth forests dominated by Douglas fir (Pseudotsuga menziesii) and western hemlock
(Tsuga heterophylla) on private (Fruit Growers Supply Company, Longview Timber, Rayonier,
and Weyerhaeuser Company), state (WADNR), and federal (Gifford Pinchot and Olympic
National Forests) forestlands. The 17 study sites (Figure 2-3) ranged from 12 to 54 ha (30 to133
ac) and were composed primarily of stand ages ranging from 30 to 80 years (Table 2-4).
Average stream-adjacent valley wall slopes ranged from 18% to 65% (10 to 33 degrees; Table 2-
5), as measured perpendicular to the stream channel along 50-ft (15.2-m) transects in riparian
stand vegetation plots (see Chapter 5 — Stand Structure and Tree Mortality Rates in Riparian
Buffers). 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 study sites had
unforested areas in the form of rock quarries (WIL1-FP and CASC-FP) and/or talus slopes
(CASC-FP and CASC-0%). We present study design and site-selection criteria for each study
site in Table 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 stand age category are

estimates only since precise calculations were not available for most landowners. “Other” includes rock quarries and talus slopes.

Stand Age Range

Block Treatment <30 30-40 >40-50 >50-60 >60-70 >70-80 >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 stream-adjacent valley wall percent slope (degrees) and proportions of the valley slope adjacent to the
mainstem channel and secondary tributaries within each of six slope range categories at each of the 17 study sites.

Stream-adjacent Valley Wall Percent Slope (degrees) Ranae

Mainstem Secondary Tributaries

Treat- Avg% <20 20-39 40-59 60-79 80-99 >100 <20 20-39 40-59 60-79 80-99 >100
Block ment  (deg) (<11) (11-21) (22-31) (31-38) (39-45) (>45)  (<11) (11-21) (22-31) (31-38) (39-45) (>45)

OLYM REF 62(32) 0.04 0.15 0.24 0.31 022 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 0.05 013 011 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 0.51 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 0.04 050 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  REF1? 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 0.27 029 0.01 003 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 0.01 032 054 0.14 0.00 0.00 0.00
FP 30(17) 0.24 0.54 0.20 0.02 0.00 0.00 038 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 measurements not recorded.
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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 harvest with one of three
riparian buffer treatments along the Type Np Water RMZ: two-sided 50-ft (15.2-m) riparian buffers of 100%, Forest Practice (FP),
and 0%. Elevation is the elevation at the field-verified F/N break. Stream gradient refers to the average stream gradient for the entire
Type Np stream network as calculated using a 10-meter digital elevation model (DEM) in ArcMap (ESRI 2004). Basin size is the
Type N basin size.

Stream Basin
Elevation Gradient Stream Size
Block Landowner Treatment (m [ft]) Lithology (% [°]) 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 flow breccias 25 (14) 3 17 (41)
Rayonier 0% 233 (764)  Basalt flows and flow breccias 31 (17) 2 13 (32)
WIL1  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)
Weyerhaeuser? 0% 87 (285) Terraced deposits 16 (9) 3 28 (69)
WIL2  Weyerhaeuser? REF1® 183 (600)  Basalt flows and flow breccias 34 (19) 2 19 (48)
WADNR REF2 228 (748)  Basalt flows and flow breccias 18 (10) 2 16 (41)
Weyerhaeuser! 100% 22 (72) Basalt flows and flow breccias 21 (12) 3 26 (65)
WADNR 0% 159 (522)  Basalt flows 21 (12) 2 17 (41)
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2 Table 2-6. (continued)
m
Py .
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 site was owned 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.
20wned by Weyerhaeuser Company during site selection, pre-harvest sampling, harvest application, and the majority of post-harvest 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 Chapter 3 — Management 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 second-growth forests on lands managed 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 criteria (size, gradient, etc.).

2-9. STATISTICAL ANALYSIS APPROACH

We designed this study to evaluate response differences among treatments at the site scale, not to
investigate within-site variability. Though we could evaluate within-site variability for some
responses, we do not formally address those comparisons in this report. In general, analyses
following the BACI design evaluated the generalized null hypothesis:

A Trer = ATr00% = A Tre= A Tow (2-1)

where ATrer IS the change (post-harvest — pre-harvest) in the reference, and ATio0%, ATrp, and
ATog are 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 of treatment 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 for inter-annual
environmental variability. The model error term represents experimental error, which captures
several sources of variation, including within-site sampling variability, 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 also included 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 logistical constraints (see Supplement 1 for 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 block; Table
2-7). Finally, we collected tissues for stable isotope analysis from amphibians across all study
sites, when available. We collected samples for fish at the six sites included 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 different sampling 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 measure in the
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 the Type 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 and 17 4 4 4 2 3
Channel density
Amphibian genetics 17 4 4 4 2 3
Periphyton standing crop 17
Water, air and soil 17 3
temperature
Channel gross morphology 17 4 4 4 2 3
Large wood loading 17 4 4 4 2 3
Stream substrate 17 4 4 4 2 3
Bank erosion 17 4 4 4 2 3
Downstream  Fish density and quality 6 21 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 Stand growth/survival 17 5 4 4 2 3
Input Large wood recruitment 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 OLYM-FP sites were included in the fish density, quality and stable isotopes analyses.
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As with many scientific studies, and especially 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 marginal 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 these reasons that we set oo and B at 0.1 for some variables a priori
(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 with response variables. Hence,
understanding the overall pattern of responses, rather than focusing on a single P-value
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 222 Washington
Administrative Code (WAC) — Forest Practices Rules and 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 private landowners (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 more restrictive 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 described by Forest 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 goal of scheduling 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 (OLYM-0%) 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 (WIL2-REF1). As a result,
clearcut harvests with buffer treatments were applied to 11 of 17 sites: 0% treatment in four sites,
FP treatment in three sites, and 100% treatment in four sites (Table 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 four months.
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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, 2008-2009.

Harvest Dates Approximate

Block Treatment

Begin End Duration (months)
OLYM 100% February 2009  March 2009 2
FP July 2008 October 2008 4
0% June 2009 August 2009 3
WIL1  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 20082 4
CASC FP November 2008 March 2009 4
0% November 2008 March 2009 4

! Approximately 2.4 of 28 ha (6 of 69 ac) of windthrow located in the uppermost extent of the 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 August 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 222-30), with the exception of the length of the riparian buffer in the riparian
management zone (RMZ). Timber removal in all study sites was even-aged harvest consisting of
ground-based logging systems (including shovel and skidder) and cable yarding, except in the
100% treatment in the Willapa 2 block, where western redcedar (Thuja plicata) of a greater age
were also removed using helicopter yarding. Other Forest Practices rules adhered to included:

e Ground-based logging under Forest Practices rules requires that the transport of logs
across Type Np and Ns Waters minimize the potential for dama