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Executive Summary

The Washington Department of Niaal Resources (DNR) has implemented a Habitat
Conservation Plan for the Olympic Experimental State Forest (OESF) that specifies riparian
protection measures that go beyond the majoritgred managememians currently in place in
Pacific Northwestoreds. Although the riparian buffers on the OESF are wider and more
complex than buffers prescribed in the Forest and Fish Agreement for Washington State, DNR
wishes to utilize the experimental capacity of the OESF to investigate alternative management
options that could result in a forested landscapertitat closelyesembles the range of

conditions produced by a natural disturbance regime, while at the same time continuing to fulfill
trust obligations for timber harvest and protecsegsitive stocks efalmon and trout. The
opportunity for collaboration between the DNR and the Pacific Northwest Research Station of
the USDA Forest Service (PNW) resulted in an agreement for scientists from the PNW to
complete a riparian science synthesis that would lefimme future planning efforts and
landscapescale experimentation on the OESF, and perhaps on adjoining national forests and
park | ands. Furthermore, the forthcoming add
experimental forest network will enablessained cooperation between DNR, the USFS, and
other research interests.

The DNR has asked that the riparian science synthesis addwesal questions:

1. What are the extents (lateral and longitudinal) and stand features of riparian
forests needed to nrdain and aid restoration of habitat complexity afforded
by natural disturbance regimes on the western Olympic Peninsula? How can
forest management be used to maintain and aid restoration of these forest
characteristics?

2. What are the extents and stanarettteristics of outer (wind) buffers needed
to maintain riparian forest integrity? Can timber be harvested in these outer
buffers without compromising the ecological functions of the riparian forest?

3. What models/metrics/criteria can be used in foremtmhg to assess the
restoration of riparian functions at the watershed scale? What are the critical
assumptions that can be addressed through monitoring?

In addition to addressing these questions, the content of the science synthesis includeatopics th
were raised in discussions between DNR and PNW staff mem&rsvish to emphasize that

these questions cannot be answered with scientific certainty. No buffer configurations can
satisfy every conservation and commodity production objective in #rnoss, and no models

are ecologically perfect. Our approach is to show what some organizations are currently doing to
plan and implement strategies for riparian management that attempt to improve compatibility
with watershed processes.

Following the intoduction, this report includ€4) a section on riparian functions, indicators,
and ecosystem goods and servi¢Bsa section that addresses questions 1 aastliey share
common themeg;3) a section that addresses questioarl (4) a section on nrets for



assessing the success of achieving management goals. The authors wish to emphasize that much
of the material in these sections originates from studies done elsewhere, but is discussed in this
report to provide a broad sampling of recent scientifidings about riparian management and
watershed planning in the Pacific Northwest. However, as planning for OESF experimentation
proceeds, we anticipate that sgfgecific information will become more important in designing
demonstration projects.

Major conclusions from ik report include:
Riparian functions,indicators, andecosystemgoods andservices

e Aquatic and riparian metrics in the current HCP emphasize temperature, large wood and
sediment. While these are key indicators of habitat for satiapit is important to
remember that maintaining ecologically functional riparian zones is necessary for a much
wider array of benefits.

e Application of new remote sensing technologies such as high resolution LIiDAR and
Forward Looking Infrared (FLIR) wilassist managers in identifying floodplain
connections, locating water tables and abandoned river channels, and mapping changes in
channel morphology. New technologies will also enable landssxzgle determination
of vegetative cover, which can be usedjtiantify certain aspects of stream shading and
inputs of organic matter.

e The relatively static view of aquatic and riparian ecosystems currently reflected in fixed
habitat standards in many environmental regulations is beginning to change, in part as a
result of having to take a longer term perspective. There is an emerging view that
streams and associated riparian areas undergo successional changes similar to upland
forests, and that they can experience a wide range of conditions like the terrestrial
emsystems in which they are embedded.

e Resilience of salmon and trout is influenced by watershed processes that supply structural
components of the aquatic environment such as coarse sediment and large wood, as well
as those that support the transfer of gnend nutrients through aquatic food webs.

These processes are linked to riparian forests, and forests in upland portions of the
watershed that may erode and contribute large trees and coarse sediment to streams.

e When applied to the management of aquatiasystemshe concept of resilience
requires us to abandon the idea that any water body not conforming to an idealized notion
of optimum habitat needs to be fixed. From this new perspective, resource managers
must examineariability in current aquaticonditions and establish the largeale spatial
and temporal context of a watershkeitoricalchangesn the systemandpotential
threats and expectations.

What are the extents (lateral and longitudinal) and stand features of riparian forests
neededto maintain and aid restoration of habitat complexity afforded by natural
disturbance regimes on the western Olympic Peninsula? How can forest management be
used to maintain and aid restoration of these forest characteristics?



What are the extents and stad characteristics of outer (wind) buffers needed to maintain
riparian forest integrity? Can timber be harvested in these outer buffers without
compromising the ecological functions of the riparian forest?

e We used examples of alternative riparian managgrstrategies that were developed by
the Willamette National Forest in Oregon to illustrate how landscape planning based on
natural disturbance history could be applied to riparian buffer design. Although these
strategies were based primarily on wildfimstoryi an infrequent disturbance in the
OESF ared a similar approach could be applied to the western Olympic Peninsula
where windthrow, mass wasting, and flooding are much more common.

¢ The Blue River Management Plan represents one of the firsintatyrated management
plans based on natural disturbance regimes. It was also a significant departure from the
site-based default management prescriptions in the Northwest Forest Plan. Although the
nature of the natural disturbance regime in the BlueRiatershed differs somewhat
from the disturbance patterns in the OESF planning area (e.g., Blue River experiences
more wildfires and fewer windstorms that OESF), the approach is worthy of
consideration as an alternatiteefixed-width riparian buffer precriptions

¢ The Blue River watershed has been incorporated into an adaptive management area
within the Willamette National Forest, and will be monitored over time to determine if
the habitat projections are realized. In some ways, the OESF shares itrgutnitautes
with the Blue River watershed: the OESF contains several drainages (e.g., Clearwater
River) that are almost wholly managed by DNR; there are extensive databases on forest
stand composition, natural disturbance history, and fish and wildlifigalhzand the
OESF planning area has experimentation as an important management objective.

e Research by University of Washington scientists on the lower Queets River within the
boundaries of Olympic National Park has focused on scientific characteriaation
largely unmanaged coastal rainforest watershed. The Queets River watershed is
especially relevant to the OESF because it lies within the OESF planning area and
represents a relatively pristine reference site that can be used to identify targét habita
conditions.

e Although there will always be uncertainty with respect to the question of how wide
riparian management zones should be to protect aquatic ecosystems, recent scientific
investigations have revealed patterns of riparian influence that caniaskdtermining
buffer widths. These are generally summarized in Figure 13 of this report. Exceptions to
the generalizations asdsodiscussed.

e With respect to the question of whether selective timber harvest can occur in the outer
part of the ripariamanagement zonee., the portion of the riparian zone farthest from
the stream)we found no evidence that this would impair riparian function with respect to
wind firmness. In general, field studies suggest that skdgped forest boundaries,
bufferswhose boundaries face southwest, buffers near exposed ridges, buffers with a
shallow water table and rooting depth, and buffers with root rot or other tree diseases that
impair root strength are more susceptible to windthrow.



e There is very preliminary evahcefrom research in British Columbthat wind buffers
of about 40 feet will be sufficient to protect the integrity of the interior riparian stand;
however, a scientific test of the efficacy of wind buffers of different widths has not yet
been conductedlt is likely that wind buffer effectiveness will be influenced by
maximum wind velocity, which will be controlled by local topography.

e Provided the riparian forest community adjacent to the stream is sufficiently wide to
protect the ecological functiomsagrammed in Figure 3 in this report, we found no
evidence that timber harvest from an outer riparian management zone would significantly
compromise aquatic habitat. We further note that openings caused by natural
disturbanceslo occur in riparian zongs unmanaged watersheds. However, protection
of riparian function at the landscape scale requires a broader space and time perspective
that examines the condition of riparian forests throughout a watershed

What models/metrics/criteria can be used in fagst planning to assess the restoration of
riparian functions at the watershed scale? What are the critical assumptions that can be
addressed through monitoring?

¢ Fully recovering the natural range of states of a habitat element such as large wood in an
altered watershed requires landschpsed management strategies that facilitate
restoration of both thiargely undisturbednedianconditionsandpostdisturbance
environmental extremes; otherwise, habitat diversity will be lost.

e Management prescriptionsvyebeen written to meguantitativeenvironmental
guidelines anéretherebymeant tamitigate the effects of landse practices on stream
habitas and the species that depend arstthabitas. These prescriptions remain
coneentiousfor a number of reass, but most significantly because they attempt to force
streams to conform to an fdidealizedo state
natural disturbances

¢ Collecting the data needed to calibrate andhalnitatmodels (e.g., stream temperature)
is ime consuming and expensive, and running a model requires an investment in time to
learn the modeling software. Consequently-sjiecific analyses of model accuracy are
often considered prohibitive in most land management applicatiemsn at the reach
scale.

e Growing concern over cumulative effects of individual land management decisions has
highlighted the need to analyze and manage watersheds holistically, conducting
assessments over largpatial scales and considering the kvagn cumulative effest
of all land management activities within entire watersheds. Although single factor
effects have been documented at the watershed scale, cumulativéaototteffects
remaininadequately evaluateat large spatial scales. Lacking direct empirical data,
ot her approaches ar e ne esdakedtudieotodntsec al e upo
watersheds. But developing aquatic habitat objectives, even for a single factor like
temperature, can be difficult.



The need for an extensive, wdiksigned monitoring progm cannot be
overemphasized. Any landscapeale land management plan will be experimental in
nature and thus face critical uncertainties.

Response times of forested systems of the western Olympic Peninsula to restoration
treatments will be sloyalthoughsome treatments may be able to accelerate the
development of desired conditioriswill take a long time to growhelargeriparian
treesneeded to maintain critical aquatic and riparian habiatsexpect that it will take
decades to centuries to sificantly alter the landscape patterns that exist today. It will
be possible to use specific silvicultural and restoration treatments to speed up the
creation of desired landscape conditions, but even the most optimistic scenarios must
approach disturbandesased land management with abundant patience.

Examples of commonly used metrics for implementation and effectiveness monitoring
of aquatic, riparian, and watershed restoration are given in Tables 4 and 5 of this report.



Introduction

This report serve® fulfill the provisions of an agreement between the Washington Department
of Natural Resources (DNR) and the USDA Forest Service Pacific Northwest Research Station
(PNW). The purpose of thiagreement is tprovide expert services to assist DNR siaff

developng forest management strategies, assessment methadpkogd monitoring programs

on DNR-managed lands in meeting riparian conservation objectives on the Olympic
Experimental State Forest (OESF).

The primary deliverable of the agreement is alsgsis of the latest scientific findings that may
be applicable to OESF management. The following paragraphs from the Statement of Work
the agreemerdescribe the background and objectives & shientific synthesis:

ADNR seeks to achieve the conssion objectives of the riparian conservation
strategy for the Olympic Experimental State Forest (OESF). These objectives
seek to maintain and aid restoration of habitat that is capable of supporting viable
populations of salmonid species, as well aotber nonrlisted and candidate

species dependent onstream and riparian environments. The riparian
conservation objectives also incorporate the OESF mission, that of
implementation of a credible program of research, experimentation, and
monitoring toaid forest management and the scientific understanding of riparian
systems in managed landscapes.

To date, implementation of riparian conservation objectives has been

accomplished through a &ep watershed assessment procédukssessments

have occurd on an activitypasis to demonstrate that proposed timber

management activities do not conflict with the objectives of the riparian
conservation strategy. Due to scale and uncertainty underlying these assessments,
DNR has been limited in its ability fally achieve the riparian conservation

objectives; i.e., meeting multiple objectives of habitat conservation, commodity
production, and information gathering melded across the entire OESF landscape.

Landscape planning provides an opportunity to take@emental step forward

in achieving these OESF conservation objectives. Through landscape planning,
implementation of the riparian conservation objectives will be addressed at the
watersheescale. This will allow DNR to evaluate cumulative effects tand
schedule of stantvel activities in consideration of multiple landscdgeel
objectives. It also provides an opportunity to update assessment procedures,
providing greater certainty about the effects of proposed activities and greater
focus to resaah and monitoring in addressing remaining critical uncertainties.

ASince implementation of the Habitat Conservation Plan, considerable learning
has occurred about management of riparian forests along coastal streams in the
Pacific Northwest. The DR seeks the assistance of the PNW in synthesizing

! http://www.dnr.wa.gov/Publications/Im_hcp_ch4e.pdf



learning, which has occurred on and off of DINfanaged lands, in answering
three key questions:

4. What are the extents (lateral and longitudinal) and stand features of riparian
forests needed to maintain azd restoration of habitat complexity afforded
by natural disturbance regimes on the western Olympic Peninsula? How can
forest management be used to maintain and aid restoration of these forest
characteristics?

5. What are the extents and stand charadtesisf outer (wind) buffers needed
to maintain riparian forest integrity? Can timber be harvested in these outer
buffers without compromising the ecological functions of the riparian forest?

6. What models/metrics/criteria can be used in forest planniagdess the
restoration of riparian functions at the watershed scale? What are the critical
assumptions that can be addressed through monitoring?

The Olympic Experimental State Forest occupiggroximately\260,000 acres on the
northwestern side of Washn gt ondés Ol ympi ¢ Peninsula (Figure
within the OESF include the Hoko R., Lake Ozette, Sol Du€Rlawah R.Bogachiel R., Hoh

R., Clearwater RandQueets R.The area possesses highly complex geological surfaces
consisting ofa mixture of marine sediments, volcanic outcroppings, and glacial defipsits
2002) Precipitation falls mostly as raialthough winter snows occur in the Olympic Mountains
above 3,000 ft. elevation. h€ western slopes of the peninsula include sdntleeowettest areas

in the continental U.Swith precipitation averaging about 140 inches per year and some
locations receivingnore thar200 inches per yealative treecommunitiesn the coastal
lowlandsare dominated by sprud¢emlock rairforests(Franklin and Dyrness 1988lenderson

et al. 1989Bigley and Hull 2001 unpublishgdmaking the west side of the Olympic Peninsula
one of the few temperatainforest zones in the world.

The Olympic Mountains, a northern extension of the Coast Range go®@aad Washington,

form the core of the peninsula. The Olympics are the second highest mountain range in
Washington State, with MOlympus af7,980 ft. being the highest point. Although the eastern
side of the Olympic Peninsula was covered by the Aumst of the continental ice sheet during
the last major glacial period, montane glaciers eroded many of the major river valilegs

peni nsul aibthe Olym@ctExperimdntal State Forpiinning arealhe western

Olympic Peninsulalsocontairs one of the most diverse assemblages of native salmonid fishes
in the Pacific Northwest (Wydoski and Whitney 2003), widlniousspecies possessing fluvial
(nonmigratorystreamdwellerg, adfluvial (rear in lakes but spawn in streams), and anadromous
(spend most of life in ocean but spawn in streams) life cydledike manyother regions of
Washington, rivers in the OESF area havenagordams and are subject to natural (unregulated)
flow regimes.
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Figure 1. The Olympic Experimental State Foreahping area (bounded by the heavy solid
line). DNR managed lands are shown in pink. From

http://www.dnr.wa.gov/ResearchScience/Topics/ForestResearch/Pagesgifnmain.aspx



http://www.dnr.wa.gov/ResearchScience/Topics/ForestResearch/Pages/lm_oesf_main.aspx

Since implementation d N R &labitat Conservation Plan 1997 additionallearning has
occurred aboutvatershednanagement along coastal streams in the Pacific Northwest. The
objective of this report is teynthesie this recentearring to aid in answeringhethree key
guestionsabove. Our goal igo assist DNR staifh developng forest management strategies,
assessment methodoleg and monitoring programs on DNRRanaged lands iarder tomeet
riparian conservation objectives.

Fishes of Concern

As stated i n t he toangpintaranean testorailad Bf habitaethatsis céipable

of supporting viable populations of salmonid species, as well as for othéisteahand

candidate species dependent ostiram and rip&n environments . The foll owing
the notable fish species inhabiting (or believed to inhabit) the OESF area, their federal and state
classification with respect to whether they ardiatrrisko species, and their preferred freshwater
habitats. The table also lists species that are not currently consideres aput are included

because they are of recreational, commercial, or cultural importance, or are believed to be in
decline.

Table 1. Native fishesf the OESF planning aredrom Wyloski and Whitney (2003), NOAA
Fisheries lfttp://www.nwr.noaa.gov/ES&ASalmonListings/Salmon
Populations/Index.cfin and Washington Department of Fish and Wildlife
(http://wdfw.wa.gov/wim/diversty/soc/soc.him

Species Federal ESA status  State Speciesof Preferred freshwater
Concern habitat
classification

Pacific lamprey Not listed Not listed, but in Rivers and streams
widespread €écline

River lamprey Species of concern  Candidate Rivers and streams

Coastal cutthroat trou Species of concern  Not listed Rivers and streams;
can be both
anadromous and
resident

Chum salmon Not listed Not listed Low gradient rivers
and streams

Coho salmon Not listed Not listed Rivers and streams;

riverine ponds and
wetlands in winter

Rainbow trout Not listed Not listed, but in Rivers and streams;
(steelhead) decline on Olympic  can be both
Peninsula anadromous and
resident

1C


http://www.nwr.noaa.gov/ESA-Salmon-Listings/Salmon-Populations/Index.cfm
http://www.nwr.noaa.gov/ESA-Salmon-Listings/Salmon-Populations/Index.cfm
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

Species Federal ESA status  State Speciesof Preferred freshwater
Concern habitat
classification

Sockeye almon Threatened Candidate Lake Ozette, but som

(Lake Ozette) stream spawning in
thelaked wibutaries

Chinook salmon Not listed Not listed Rivers; life cycle
include <1 yr

freshwaterrearing
(Aocean ty
>1yr freshwater
rearing (f
typeo )
Mountain whitefish ~ Not listed Not listed but Rivers
possibly in decline on
Olympic Peninsula

Bull trout Threatened Candidate Rivers and streams;
can be both
anadromous and
resident

Dolly Varden Not listed Not listed Rivers and streams;
can be both
anadromous and
resident

Olympic mudminnow Not listed Sensitive Low gradient rivers
and streams, wetland

* Qccasionally synonymized, butbutand Dolly Varderareboth native charsonsidered separate species by
Wydoski and Whitney (2003). Althoudgheymay interbreed, bull trout on the Olympic Peninsula tend to
occupy headwater streams and Dolly Varden tend to occur in lowlands where they often adopt an anadromous
life history. The status of Dolly Varden on the Olympic Peninsula is poorly known.

Althoughthe western Olympic Peninsula does contain several federally listed and state sensitive
fishes, this areaverall, maintains a greater proportion of robust fish populations than many
otherlocationson the Pacific coast (Huntington et al. 1998part from forest management,
human impacts in th@ESF planning arelaave been minor compared with more heavily
developed coastarea in Washington, Oregon, and Californiiver basins residing mostly
within Olympic National Parboundariessuch astie Queets Riveare considered the most
intact, ecologically healthy systems along the Pacific coast below the Canadian(Nardem

et al. 2000) Because the Washington DNR manages large argalywipic Peninsuldrust land
for both forest commoditseand habitat conservation for fish and wildlife (e.g., Pacific salmon,
northern spotted owl, and marbled murrelet), it is important that management plans promote
compatibility between these two important objectives.
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OESF Riparian Conservation Strategy

The Habitat Conservation Plan (HCP) for the OESF emphastigsvingriparian conservation
objectivesat thelandscapgr watershed$cale rather than at the scale of individual stands

AThe objectives of the OESF ainfaipandi an conse
aid restoration of riparian functions at the watershed scale, rather than at the site

specific level. Implementing these objectives, therefore, requires an evaluation

procedure by which the aquatic and streamside conditions at a given sibe can

assessed in relation to the known influences of physical, biological, andisend

by

factors througtout the watershed. o

Prior to landscape planning in the 11 landscape planning units in the OESF, watershed
conditions have been evaluated and monittinesugh a 1zstep watershed assessment

procedure in those drainages not having completed watershed analyses or landscape plans.
About half of the watersheds within the OESF planning area have had watershed assessments
completedFigure? illustrates theprocess foscaling down from landscape goals to-sipecific
management recommendations.

Timber-management or destructive-research
activity proposed in watershed

Recognize conservation objective of
riparian/aquatic area management
Preliminary assessment of physical and See Table V.11
biological watershed conditions
Evaluate the degree 1o which watershed Goals and
conditions meet the needs for maintaining objectives for
viable riparian/aquatic processes and functions riparian ecosystems

Define site-specific riparian
buffers for entire watershed

YES Will proposed management/research activity
Choose different
acilvity conflict with conservation objectives and functions
of riparian ecosystems?

NO

| Develop interim prescriptions I Develop prescriptions or refine interim |

prescriptions through landscape planning

watersheds with interim

prescriptions Forest Practices Watershed Analysis _]

Landscape planning in |

Comprehensive road-maintenance plans ]

Evaluate long-lerm consequences of prescriptions for maintaining
riparian processes and functicns

Implement prescriptions I

Choose another
activity Monitor conditions I

Figure 2. The 1:3tep watershed assessment process for meeting riparian objectives in the
OESF. From the 1997 DNR Habitat Conservation Plan, ChaptdfigHV.13.

2 hitp://www.dnr.wa.gov/Publications/Im_hcp_ch4e.pdf
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In the Olympic Experimental State Forest, of the many factors affecting habitat for salmonids

and ripariandependent species, mass wasting and windthrow are believed to exert the greatest
short and longterm influences (HCP IV. 106). In addititmthe HCP riparian conservation

strategy addressing these two factors by creating riparian buffers designed to minimize mass
wasting and windthrow, a critical working hypothesis is that buffers designed to minimize mass
wasting and blowdown will be suiient to protect other key physical and biological functions of
riparian systems, such as large wood recruitment, stream shade, and streambank stability. Thus,
many of the riparian protection requirements in the HCP are meant to ensure adequate shade for
temperature control, recruitment of large wood from the streamside forest into the stream for fish
habitat, and, to a somewhat lesser extent, to minimize the movement of fine sediment into stream
channeld sediment control being primarily regulated byd@@nstruction and maintenance
requirements. For each of these environmental parameters hazard thresholds have been
established that can serve as indicators of potentially deleterious conditions for salmonids. For
example, the temperature screening proeegsloys a model that assumes a linear relationship
between the elevation of a stream segment and the amount of cover (expressed as % canopy over
the water surface) needed to provide adequate shading to keep stream temperatures below
thermal tolerance lelefor different fish life cycle functions. Riparidnuffersarethe principal

means of achieving the riparian conservation objectwesre based on strips of vegetation
adjacento the stream, in which the innermost strip, usually excluded from tingreest or

heavy equipment entry, serves the purpose of providing shade, large wood, and streambank
protection.Beyondthis innermost stripanouter strip may also be presevitose purpose is

primarily to prdect the inner buffer from wirtdlrow. Managemetroptions for the outer buffer

are most flexiblee.g.,commerciakhinning mayoccurthere

Since completing their HCP in the nril®90s, the DNR has participated in a number of research
efforts regarding large wood dynamics, factors influencing streadirsly headwater stream
managemeni@and many wildlife studies related to HCP implementafiepley and Phifer

2008). They are also aware of simultaneous investigations by other land and water management
organizations that address both specific andandscapescale conservation issues. One of the
important objectives of this report is to summarize the findingglditionalrecent scientific

studies of riparian research and monitoring, particularly thoseriaberelevant to watershed

level planning in the OESF. Hopefully this report will help to frame new experiments that will
assist managers in making better informed decisions.

Future Planning

As adaptive management proceeds on the OESF,
congervationstrategiesn the HCP will be considered. These will be supported by analytical
processes that could leadditanges imiparian management strategaesd actions A corollary

objective of this report is to display watersHedel planning procgses in managed forests that

have been used elsewhere and that corddide viable alternative planning approaches for

current DNR planning procedureur discussion will include key metrics that could be

compiled or estimated from data currentlyngsgathered to meet riparian conservation

objectives. We also discuss some of the critical uncertainties underlying these metrics that could
be evaluated in field tests accompanied by appropriate monitoring.

® http://www.dnr.wa.gov/ResearchScience/Topics/ForestResearch/Pages/Im_oesf _research.aspx
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Watershed Scale

Throughout this reportweuset ms such as fAwatershedoa without
geographic scale. We do this because different organizations associate different spatial

dimensions with these terms, but we realize that they do have explicit meaning from a regulatory
standpoih With regard to spatial scales that are relevant to DNR planning, we reproduce the

foll owing definitions from an internal report
Forest s, Stream Channel s &yW S.Raossh E.€aldwéllj sheri e
and M. Teply(W. Jaross, personal communication). They reflect the scales applicable to forest

and riparian management units on state and private latids MESF planning area

WRIA: For the purposes of WAC 1780040, theOESFis dvided into3 areas known
as Water Resource Inventory Areas (WRIAS); 19 tiioko, 20 Soleducldoh, and 21
QueetsQuinault. WRIA

WAU: Watershed analysis is performed on Watershed Administrative Units (WAUS)

areas defined by hydrology and geomorpholemnging in size from about 10,000 to

50,000 acreWAC 222-22-020) WAUOGs ar e hierarchically con
The maintenance of WAU boundaries by DNR Forest Practices is coordinated with the

WRI AOG s afederal éydrbloge snits

Watershed: A watershed (scale ambiguous) is the drainage basin contributing water,
organic matter, dissolved nutrients, and sediments to a stream or lakeHORR
Glossary p. 17)

Sub-watershed A portion of a WAU, typically defined when conducting watershed
andysis/assessments. Hypothesized by a hydrologist and a fisheries biologist to be one of
the appropriate scales to use when investigating watershed processes and their affect on
stream channels and fish habitat. Often, but not always, a named tribwddayder

river system. In some cases, synonymous withbmstin in Watershed Analyss.

Sub-basin: A sub-basin (scale ambiguous) is a drainage basin contributing water, organic
matter, dissolved nutrients, and sediments to a stream or lake. Typicallpudscribe
hydrologically defined basins that are bot
cases, synonymous with swatersheds in Watershed Analysis; i.e., the watershed is

divided into sukbasins (on MAP BL) usually of the Type 3 streams, angraund

sediment yield is calculated as a function of soil depth, creep rate, stream length.

Type 3 watershed: A Type 3 subbasin is defined as the smallest-$asin unit
containing a Type 3 stream segmefRR 14004-160). These, in general, comprise
smaller areas than the swatersheds. A scale used in the Hydrologic Change
Assessment of watershed analysis and in the OESF HGERA2vatershed assessment
procedure (DNRHCP IV. 127133).

* Note that over time the definition of type 3 waters was updated, and hydrography improved. As a result the scale
of basins comtbuting to a type 3 evolved fromB0 thousand acres to smaller basins.
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Stream segment:The part of a stream extending between desigratsutary junctions
Also known as channel segment and stream tributary

Stream tributaries: A tributary (or confluent/affluent) is a stream or river which flows
into a mainstem (or parent) river, and which does not flow directly into a sea. In
orography tributaries are ordered from those nearest to the source of the river to those
nearest to the mouth of the river. A confluence is where two or more tributaries or rivers
flow together.

The descriptive means terriisght tributaryd andfieft tributaryd always apply from the
perspective of looking downstream (in the direction the current is going), similarly to the
river banks.

The opposite of a tributary is a distributary; a river branch that flows away from the main
stream. A river and all its tributarigsain the watershed of the river.

The Strahler Stream Order examines the arrangement of tributaries in a hierarchy of first,
second, third and higher orders, with the first order tributary being typically the least in
size. For example, a second orddsutary is comprised of two or more first order

tributaries combining to form the second order stream.

Stream reach:Any specified length of stream (Armantrout 1998). The actual distance
will depend on stream size and on the assessment to be conducted.

Stream management unit:Stream segments, reaches, or tributaries, each containing a
control station, that are identified on stream reach maps in adopted water resource
management program documents as units for defining base flow, IBYAE 173500
050)

Riparian Functions, Indicators, and Ecosystem Goodand Services

Beforewe addresDNRO6s t hree quest i on secentinsightsistoune | pf ul
understandingf riparian functions and processes. Riparian forests mediate a variety of

ecosytem processes that contribute both to the maintenance of productive aquatic habitat and to

ot her ecological igoods an,ductsas protectmgebsodiversith at ar
and buffering the effects of storm flow3able 2 lists some of éhmost important riparian

functions, their indicators, and benefits to socig@yrrent implementation procedures to

achieve HCP objectives for aquatic and riparian conservitittre DNR HCP emphasize

temperature, large wood and sedimémhile these e key indicators of habitat for salmonids, it

is important to remember that maintaining ecologically functional riparian zones is necessary for

a much wider array of benefits.
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Table 2. Riparian functions, indicators, ecosystem effects, and ecologpci gnd services
(modified from Naiman et al. 2002).

Functions

Indicators that
Functions Exist

Effects of Functions

Goods and Services
Provided

Hydrology and
Sediment Dynamics

Stores surface water
(short term)

Floodplain connected
to stream channel

Attenuates
downstream flood
peaks

Reduces damage fror
floodwaters

Maintains a high
water table

Accumulates and
transports sediments

Biogeochemistry and
Nutrient Cycling

Produces organic
carbon

Contributes to overall
biodiversity

Cycles and
accumulates chemica
constituents

Sequesters carbon in
soll

Habitat and Food
Web Maintenance

Maintains streamside
vegetation

Supports
characteristic
terrestrial vertebrate
populations

Supports
characteristic aquatic

Presence of flood
tolerant and drought
tolerant species

Riffle-pool sequences
point bars, terraces

A balanced biotic
community

High species richness
of plants and animals

Water quality
parameters within
normal limits

Organierich soils

Presence of shade
producing forest
canopy

Appropriate species
having access to
riparian areas

Fish migrations and
population

Maintains native
riparian vegetation
structure

Contributes to fluvial
geomorphic processe

Provides energy to
maintain aquatic and
terrestrial food webs

Reservoirs for genetic
diversity

Intercepts nutrients
and toxicants from
surface runoff

Contributes to nutrien
and carbon retgion

Shades streams durir
warm seasons;
moderates
temperature at night

Allows daily and
seasonal movements
as well as annual
migrations

Allows migratory fish
to complete life cycles

Contributes to
regional biodiversity
by providing habitat

Creates predictable
yet dynamic channels
and floodplains

Supports populations
of native organisms

Contributes to
biocomplexity

Clean water

Helps ameliorate
climate change

Maintains conditions
for coolwater speies

Wildlife viewing and
game hunting

Provides fish for food
cultural use, and

16



Indicators that Goods and Services

Functions Functions Exist Effects of Functions Provided

vertebate populations maintenance recreation

We believe that the application ofw remote sensing technologgsch as high resolution

LiDAR and Forward Looking Infrared (FLIRYill assist managers in identifying floodplain
connections, locating water tables and abandoned river channels, and mapping changes in
channel morphologyNew technolgies will also enable landscapeale determinatioof

vegetative cover, which can be used to quantify certain aspects of stream shading and inputs of
organic matter.Although offthe-shelf indicators of riparian functionality at large spatial scales

are still in development, we suspect that within teetmlecade our ability to measure some
environmental metrics that were formerly epsbhibitive to assess over broad areas will become
available to land managers at a reasonable cost. New technologies will enable us to extend the
range of riparian indidars beyond temperature, shade, large wood, and sediment.

Manadng for ResiliencdBased on Natural Disturbance Regimes

Managing for resilience in an environment whgaémon and trounay beat risk will require
decisions about habitat that are by nsitgselatively shorterm and geographically focused.
Management plans for the OE®H continue to identify restoration and protection actions at
site-specific scalethat are consistent with landscapesed strategied ocal spatial andshort
termtemporal scales are small relative to the distribution and persistence of Pacific salmon as a
whole, but they are very important for developing management strategies that promote the local
population resilience. In addition to temporal trends and cyclesh mee¢ent work has

emphasized the importance of acute disturbances resulting from events sudfiras(Rieman

and Clayton 199unham et al. 20Q7volcanism (Bisson et al. 2005), and earthquakes
(Hastings 2005). It is important to note that natueaiation is expressed differentially over

time and space, because watersheds differ in climate, landform, and vegegditiactors that
mediate disturbance and the specific processes that form and maintain freshwater habitat for
Pacific salmon (Montgmery 1999 Benda et al. 2004)For the western Olympic Peninsula,
important disturbance processes influencing the development of riparian forest communities
have been webummarizedAgee1988 Henderson et al. 1989These disturbance regimes

differ samewhat for forests dominated by Sitka spruce and western hemlock at low elevations
and silver fir dominad forests at higher elevations

Spatial and temporal variability in physical processes is complemented by a remarkable diversity
of life histories insalmon and trout (Quinn 2005). For example, some species spend only a few
days in fresh water prior to seaward migration and others spend one or more years in a variety of
freshwater environments before migration. Still others do not exhibit extengjxations at any

point in their life cycles. Life histories can vary along broad environmental gradients such as
from north to south or coastal to intefiandalso by sex as males and females face different
selective pressures (Groot and Margolis 199dndry and Stearns 2003 In populations having
extended freshwater residence, multiple life history patterns may exist, but only one or two of
which may be favored at any point in time. These may include both anadromous and fully
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freshwater life histogas within the same breeding population (Jonsson and Jonsson 1993).
Evolutionary requirements of survival, growth and reproduction govern the development of life
history patterns (Northcote 19/48endry and Stearns 2003), but environmental variabilityslead

to certain strategies having better success than others at different times and places. The result is
the remarkable variety of life histories we observe in salamzhtroutnative tothe Olympic

Peninsula

In recent yearthere have been an increaseanber of studies involving fish and fish habitat
centered on the watershed (Benda et al. 1998) and landstapees et al. 1995) scales. This

has required that aquatic ecosystems be considered in the context of time scales of decades to
centuries. Timdas not previously been a major consideration when considering the behavior of
aguatic ecosystems. A consequence of this oversight is that aquatic ecobgsteinsen

assumed to be relatively stable through time, @ been thought tecover relativly quickly

if disturbed by natural events. Terrestrial ecosystems, in coriteast beeminderstood to vary
dynamicallyover long time periodsandforestedandscapgshave beewrharacterize@ds a series

of patches oflifferent forestagesthatgraduallychangeover time.

Therelatively static view of aquati@nd ripariarecosystemsurrentlyreflected in fixechabitat
standards in many environmental regulatisnseginning to changen partas a result of having
to take a longer term perspective. fiehiss an emerging view thatreams and associated riparian
areasundergo successional changes similar to upland foessighat they can experice a

wide range of conditioniske the terrestrial ecosystems in which they are embedded. For
example in te Oregon Coast Range, large wildfiv@soccurred on average every 2800 years
(Reeves et al. 1995EFxtensivelandsliding often follow these fires, inundating stream channels
with thick depositof sediment and logsHabitat conditionsre not very &vorable for fish in

such situationsPrimary rearing areasn summerare poolswhich are oftenisolated from each
other because the flow gsthrough rather than over the graved condition commoro some
streams in the OESRat have experienced retenass erosion eventés the recovery cycle
progresss, about 120140 years after a fire, habitat for fish in Oregon coastal strbamses
diverse and complexThe amount ofedimentdecreasgasfine sand and silt arteansported
downstream and premisly buried woods exposed. Additionally, as the surrounding forest
recoves, woodbegins to beecruited from the adjacent riparian zone. Preliminary estimates
suggest that thedavorableconditions probably exist in 360% of the forested landscagieng

the central Oregon Coast Rar(eeves et al. 1995Habitat conditions for fishavelikely
declined as the oldrowth forest developed. The amount of large wood in the channel increased
because of increased input from the aging forest. Howtieerate of transport and erosion of
gravel exceeslthe input rateand as result streanthannehow contairs large expanses of
bedrock, in which pools are infrequent and of low habitat quality.

Wildfire, while infrequent, is an important natural distance agent in the western Olympic
Peninsula and is often overlooked in understanding the disturbance regime of the area. Within
the past century at least two large fires have occurred in the northwestern corner of the peninsula
T one in 1907 and the othm 1951. Both fires took place after extended rainless periods when

soil moisture levels werexceptionallylow. Although wildfirestypically burnmore severg on
hillslopes, alluvial valleys can experience staesetting fires during periods of prolonged

drought. Geenwald and Brubaker (2001) fouadidence ofarge fires irriparian zones athe
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Queets River valley that may have been influenced bytemg changes in the regi@climate.
The fire disturbance history of the Olympic Peninsula suggestthtnabsional cycleshat have
been studié in the Oregon Coast Range may be applicable to this area as well.

Resilience of Pacific salmon is influenced by watershed processes that supply structural
components of the aquatic environment such as coarse sediment and large wood, as well as those
that support the trarsf of energy and nutrients through aquatic food webs. These processes are
linked to riparian forests, and forests in upland portions of the watershed that may erode and
contribute large trees and coarse sediment to streentescribed aboveConsiderale

regulatory attention has been given to riparian forest protection, largely to preserve trees for
stream shading, streambank stabilization, and as future sources of large wood for fish habitat
(Bisson et al. 2006). Contemporary forest practices typicaditrict harvest in riparian zones,

but are often less focused on the importance of wood recruitment from uplands. In some
locations, wood recruited to channels from landslides can constitute a significant portion of the
wood load in the stream netwafiday and Gresswell 2003) and redistribution of hillslope

derived wood through fluvial transport is an important process in habitat formation downstream
(Benda et al. 2003).

Resilience of Pacific salmon is also tied to recovery of aquatic and ripaddwé&bs (Bisson

and Bilby 1998Naiman et al. 2002). For example, some projects have attempted to improve
freshwater productivity by placing salmon carcasses in streams to restore an important annual
source of maringerived nutrients where salmamss aredepleted (Stockner 2009/ilzbach et

al. 2005). Managing tree species composition in riparian zones can also influence aquatic food
webs. For example, conifers in riparian zones may be important contributors of largeowood
habitat(see above), but sither deciduous species such as nitre§igimg alders Alnus sp.) can
deliver more energy and nutrients to streakerléson et al. 2005 Most efforts to improve

food web productivity for salmon are based on the assumption that trophic support frartolowe
higher consumer levels (with salmon as apex predators) is important. However, in many aquatic
ecosystems, consumergulated (topdown) food web dynamics have received inadequate
attention (Power and Dietrich 2002). In Pacific salmon streams ksl lather top predators

(e.g., birds) may be present, and even terrestrial consumers may play an important role in
regulating food web dynamics (Baxter et al. 2005). A better understanding of the processes
influencing the food webs of aquatic ecosystémas support Pacific salmon is needed, as food
resources and the presence of competitors and predators will exert a strong influence on
population resilience.

Salmon and trout require many different habitats in freshwaters (Groot and Margolis 1991),
including those used for egg incubation, juvenile rearing, and migration of adults. In some cases,
the value of a particular location may not be obvious, as in the case of localized tieéugial
(Torgersen et al. 199€bersole et al. 2003) or use of ephesthstreamsn winter (Wigington et

al. 2006). Neighborhood effects may also be important; for example, use of a specific location
may be related more to use of nearby habitats than to characteristics dfitheitsalf (Isaak et

al. 2007;Mull and Wilzbach 2007). Habitat supplementation refers to redundancy in terms of
multiple habitats that can provide the same fumctar fish (Moyle and Sato 1998chlosser

1995). The importance of supplementation was illustrated in the recovery of Pacific salmon

the wake of the Mt. St. Helemsuption (Leider 198Bisson et al. 2005), where salmon
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occupied alternative habitats when historically used habitats were temporarily destroyed. At a
larger spatial extent, metapopulati@iusters of breeding populatis)dynamics such as source

sink relationships may be important factors in habitat use (Schtickzelle and Quinn 2007), but
often the distinction between these and other spatial processes such as those described above is
unclear (Rieman and Dunham 2000).algeneral senskabitat diversity appears to besential

for supporting salmonid$ut understanding more specifically how watershed processes

influence population resilience and expression of life histories remains an important information
need.

Thesignificanceof physical and biotic connectivity in freshwater ecosystems is widely
acknowledged to be essential for maintaining habitat dynamics and species responses (Lowe et
al. 2006). For salmon and trout, the importance of movement to fulfill Ife cgquirements is

a hall mark of the speciesd biology. I n fresh
along rivers and their tributary systems, as well as unimpeded lateral connections between main
channels, secondary channels, and floodpldattalogical connectivity is similarly critical for
processes essential to the function of freshwater ecosystems, including a wide variety of complex
aguatic and terrestrial interactions that regulate channel dynamics, food webs, and wager quali
(e.g., Naiman and Bilby 1998 ower and Dietrich 2002)Riparian forests on valley floors and

on alluvial terraces adjacent to stream channels play an important role in the dynamics of the
water table beneath and adjacent to streams, in moderating dischargeflduriextremes, in
controlling the concentration of soluble nutrients, in mediating the seasonal input of organic
matter and terrestrial food items to aquatic ecosystems, and in regulating microclimate (Naiman
et d. 2005;Richardson et al. 2005Removing barriers to movement and improving natural

linkages between terrestrial and aquatic ecosystem processes to recreate noateshed

conditions has become an important conceptual foundation for salmon restoration programs
(Williams et al. 2006).

Theconceptual basis for aquatic and riparian management is shifting from an equilibrium
perspective to one that recognizes dynamic;exuilibrium conditions and naturaariability

(Naiman et al. 1992)\ellington et al. 2005). For example, restoratiorgpams in coastal

estuaries inhabited by Pacific salmon often acknowledge the importancestabéishing

dynamic physical and biological processes (Simenstad and Cordell 2@0@ynamic view of

aguatic ecosystems requires an increased appreciatioinegfuent but large events such as

physical disturbances (e.g., wind storms, fires, and floods) that create and maintain habitats.
This perspective recognizes disturbance and successional processes that do not occur in an
orderly or predictable manndPghtWostl 1995). Within an area affected by a natural

disturbance, several transitional states may be expressed over time such that the timing or
duration of any particular state may be difficult to predict (Wondzell et al. 2007). Succession
from one sate to another can occur slowly in response to geomorphic adjustments (i.e., elevation
change by an earthquake) or more rapidly in response to large, infrequent events such as floods,
fires, and landslides. The signature and legacy of these eventslaandaflocal conditions for

long time periods (Fsier et al2003. Stream conditions cahusbe viewed as transitory,

reflecting local spatial controls, past natural disturbance, aneulsetmpacts.

Management of the freshwater habitat of Pacifimsashould focus omatural processes and
variability rather tharattempt to maintaior engineer desired set of conditiotisrough time
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(Lugo et al. 1999Dale et al. 2000). This does not imply thatsteuld attempt toecreate or
re-establishcompletly pristineconditionseverywhere, which would simplyot be possible

When applied to the management of aquatic ecosysthatyricept of resilience requires us to
abandon the idea that any water body not conforming to an idealized notion of optitvitah ha

needs to be fixed. From this new perspective, resource managers must exaiabigy in

current aquatic conditions and establish the lasgge spatial and temporal context of a
watershedhistoricalchangesn the systemandpotential threatand expectationsThe

fundamental idea is to characterize variation in natural processes within stream networks and ask
where we arewhere we wanto go, and how we get there, in the context of restoring a natural
range of habitat conditions.

What are the extents (lateral and longitudinal) and stand features of riparian
forests needed to maintain and aid restoration of habitat complexity afforded
by natural disturbance regimes on the western Olympic Peninsula? How can
forest management be used to aintain and aid restoration of these forest
characteristics?

What are the extents and stand characteristics of outer (wind) buffers needed
to maintain riparian forest integrity? Can timber be harvested in these outer
buffers without compromising the ecobgical functions of the riparian forest?

We discuss these two questions together because they share a common theme and because the
alternative approaches that are being tried address both the lateral/longitudinal aspects of riparian
zone management ancetlssue of maintaining riparian forest integrity.

Earlier Conceptual Basis fdEstablishingRiparian Buffers

State and privatetpwned forests in the Pacific Northwest have been regulated by state forest
practices rules since the 1970s. During the $9# primary intent of forest practices

regulations with respect to fish habitat was to provide adequate shade for temperature protection
and enough riparian vegetation to protect streambanks from erosion. During the 1980s the
importance of large wooa tfish habitat was recognized and riparian buffers expanded, in some
cases with specific basal area requirements to esaffieientrecruitmentof tree boles and

rootwads to stream channels.

TheR esi dent 6s Nort hwest For eestdevabpmentefthence i n
Northwest Forest Plan resulted in a thorougbkxamination of the ecological functions of

riparian zones with consideration given to protecting habitat for entire communities of fish and
wildlife, not just salmon and trout. Based research information available at the time, federal
scientists developed presumed relationships concerning the role of different riparian functions at
increasing distances from the edge of the stream channel. Those relationships are shown in
Figure 3.
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Riparian Forest Effect on Streams
as Functions of Buffer Width
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Figure 3. Top: Generalized curves indicating percent of certain functiwnmsocesses affecting
interactions between streams and adjacent riparian zones achieved with varying distances
(as indexed to the height of a dominant tree) from the edilpe stream channel.
Bottom: Generalized curves indicating percent of microclimatic attributes achieved
within varying distances from the edge of a stream. Soufoeest Ecosystem
Management Assessment TedfEMAT] Report (1993).
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Based on the putativelationshipshownabove, the Northwest Forest Plan established default
riparian buffers that were greatly expanded relative to those in which the only considerations
were shade, large wood, and sedimétie wide default buffers on federally managect$ts

were meant to establish conservative boundaries and restrictions on management activities until
more detailed sitgpecific analyses were completed that would give forest planners more

options including the option of integrating riparian treatmesush as thinning with upland
treatmentgSedell et al. 1994)Nevertheless, a survey of 250 watersheds in which Northwest
Forest Plan default actions had been followed showed that 64% had improved watershed
conditions 10 years after plan implementatioedizes et al. 2006).

While it was generally understood in the 1990s that state and private forests would not be held to
the same environmental protection standards as those on federal lands, there was a widespread
scientific belief that state and privatedst practice regulations were not providing sufficient
protection to halt the decline in salmon habitat (National Research Council 1996). Because the
majority of salmon listings under the Endangered Species Act took place during this time, many
land mamgement organizations negotiated Habitat Conservation Plans (HCPs), usually valid for
50 yearswhichwould provide for increased riparian protection while &ssuringregulatory
predictability. Nearly all of the new HCPs included provisions for ada&ptmanagement, in

which new scientific information could be used to adjust forest management activities for habitat
conservation as well as commaodity production. It has h8erb yearsince many HCPs were
negotiated, and land managers &pplying adaptie management principlés forest planning.

Landscape Management Based on Natural Disturbance Regimes

Federal land managers have asked the same quebiid®NR is asking

What are the extents (lateral and longitudinal) and stand features of riparia
forests needed to maintain and aid restoration of habitat complexity afforded by
natural disturbance regimes on the western Olympic Peninsula? How can forest
management be used to maintain and aid restoration of these forest
characteristics?

What are he extents and stand characteristics of outer (wind) buffers needed to
maintain riparian forest integrity? Can timber be harvested in these outer buffers
without compromising the ecological functions of the riparian forest?

An earlyattemptto develop a landscaggased management plan happened in the Willamette
National Forest on the western slopes of the Cascade Mountains in Oregon. There, the Augusta
Creek watershed was studied to establish its historical disturbance regime, which was dominate
by wildfire and landslides Based on the patterns of wildfirrosionand forest recovery in the
watershed, Cissel et al. (1998) developed a plan that utilized large planning blocks with different
management emphases (Figure 4). The plan represemiadked departure frome complex

network of unmanaged riparian reserves that would have been implemented under the Northwest
Forest Plan.
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Figure 4. The Augusta Creek watershed. a. current condition showing roads aedthams,
b. stream network, c. historic erosion pattern, d. historic wildfire regime, e. proposed
landscape plan, and f. default unmanaged reserves under the Northwest Forest Plan.
Modified from Cissel et al. (1998).
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The landscape bas@danagement plafor Augusta Creek was not implemented, but forest
planners and watershed specialists applied similar prinaigieadeveloping anewplan for a
nearby watersheid Blue River. The Blue River plan was adopted and is currently the subject of
long-term investigations of a disturbandesed landscape plan in the western Cascades.

TheBlue River, Oregon, Management Plan: A Template for Planning BasKdtaral
DisturbanceProcesses

The Blue River Management Plan (Cissel et al. 1999) represents oneiddttiralf integrated
management plans based on natural disturbance regimes. It was also a significant departure from
the sitebased default management prescriptions in the Northwest Forest Plan. Although the
nature of the natural disturbance regimehie Blue River watershed differs somewhat from the
disturbance patterns in the OESF planning area (e.g., Blue River experiences more wildfires and
fewer windstorms that OESENd the frequency of landslides at OESF is quite likely much

greater than in thigegion of the western Cascajldbe approach is worthy of consideration as

an alternative to fixeavidth riparian buffers.Figure 5 shows the pattern of firelated

disturbance history irhe watershed, arfeigure6 illustratesthe configuratiorof manayement

units under the default prescriptions in the Northwest Forest Plan and the larger, less complex
planning units in the disturbantased plan.

Fire Regime Areas

7 High frequency, == H. J. Ancrews Experimental Forest
Low severity,

Small patches

B2 Moderate frequency, 1 Non-National Forest
Moderate severity,
Moderate-sized patches

R | ow frequency, 2 0. 2 4 6km
High severity, S ——
Large patches

Figure 5. Historical fire patterns in the Blue River watershed. From Cissel et al. (1999).
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Interim Plan
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"2 Scenic (matrix)
E=] Special area reserves
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Landscape Plan
management areas

4 Landscape area 2
&% Landscape area 3
E= Special area reserves

Bl Aquatic reserves

Figure6. Blue River, Oregon, management areas based on default NWFP guidelines (a) and
disturbanceébased management areas (b). HJA 3.HAndrews Experimental Forest, an
area set aside for scientific research not included in the Blue River Plan. Fe®heCis
al. (1999).

Under the interim riparian protection guidelines (default Northwest Forest Plan buffers) in Figure
5a, the network of riparian reserves forms a complex landscape pattern that poses a challenge to
implementation of forest managementatts, including timber harvest and road building. In
Figure 5b, A a qenarallycenbnedpransriytoihe largestre@ms in the

watershed, with riparian zones on smaller tributaries being managed as part of upland treatments
including largeand smallbpenings The uplanl treatmentsre meant to emulate forest structure

that resulted from historical fires, i.e., the location, size, and silvicultural treatenermssigned

based on wildfire mapping interpretatioriBh e i a g u a t areeneantrtomanéain the s
naturalconditions that would result from the fire and erosion patterns near streams in this area
Ci ssel | et Ripariancoriiddrdedervessmera designdted along both sides of all fish
bearing streams (~7200 m slope distance on each side). Thiesar reserves occupy the entire
valley bottom and adjacent lower hillslopes. Corridor reserves connect aquatic and riparian areas
throughout the basin and link with the small watershed reserves. Unlike the Interim Plan, no
additional reserves were ediabed at the landscape scale for nonfigaring perennial and
intermittent streams.
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Under the disturbanegased landscape plahge area ofiparian reserves in the Blue River
watershed actually declined relativethe amount of land that would haveen included under
the default (Alnterimo) guidelines, dropping

Table 3. Area and percentagd land in the Blue River watershedder the interim (default
NWFP) guidelines and the disturbarz@sed landscape plan. Fr@issel et al. (1999)

Interim Plan Landscape Plan
Area Area
(percentage (percentage
Management areas Area (ha)  of watershed) Area (ha)  of watershed)

Blue River Reservoir 33 1.4 332 1.4
Non-National Forest 1077 4.5 1077 4.5
Special area reserves 8951 37.4 8505 355
[ Riparian reserves 3786 15.9]
Scenic management zones 1441 6.0
Matrix 8321 34.8
[ Aquatic reserves 2358 9.9
Landscape area 1 3024 127
Landscape area 2 3876 16.2
Landscape area 3 4736 19.8
Total 23908 100.0 23908 100.0

Projections of future forest age distribution in the Blue River watershed were carried out based
on the two alternative management strategies (Figure 7). These projections showed that the
landscape plawould result in a much less fragmented forest structure after 200 years than
would occur with the interim plan, in which old forest was confined primarily to riparian
reserves. The disturbanbased landscape plan yielded a forest stand compositiomabat
considered more favorable for a variety of fastd wildlife,including salmonid fishes and

northern spotted owl$y creating a landscape that would provide improved habitat for interior
forest species
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| Young, heavy retention B O

Interim Plan

" Year 2195
(+200)

Figure 7. Anticipatedforest structur@ver 200 years in the Blue River watershed under the
landscape plan and the interim (default NWFP) plan. From Cissel et al. (1999).

Although, there was less land allocated to aquatic reserves in the landscaparpiast rotation
age in the three land=sge areas (Figure 6; Table 3) was longer, on average, than in the interim
plan. This was intentionally done to enhance the amount of old forest conditions which were
believed necessary for spotted owls and other interior forest wildlife species. Tdudfgraa

terms of commodity production and environmental benefits are summarized in Table 4.

Table 4. Summary of anticipated timber production and watershed effects of the Blue River
landscape plan. Quotatiofderlined emphasis ouraie from Cisseét al. (1999).

Timber production ARThe Landscapda7%ldsawoodpyaluoan the s
Interim Plan in the long term. Differences in manufactured wood
volume and wood value are likely less, because the Landscape PI
producesigger treeslue to lomger rotation lengths (mean rotation
length of 192 yr, compared to the mean rotation length for the Inte
Pl an of 88 yr).o
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Watershed effects nSignificantly | arger patch s
favor [wildlife] species associated withn't er i or habi

ARi parian and adj ac e nbearirigstreans
would experience songartial cuttingunder the Landscape Plan. Thi
Landscape Plan pvides greater flexibility fomanagement in riparial
and adjacent lower slope zormsrelying, in part, on lower cutting
frequencies through long rotation lengths, as well as lower cutting
intensities through greater gregpe retention in the uplands. Some
disturbance in these zones is accepted as part of the range of hist
condiions. Consequences of these treatments indiigheer light
levelsleading to potential localized increases in stream productivit
andstream temperatundless than maximum large woatput to
streamséChannel stabilityare st
expected to begery similari n t he t wo scenar.

fiPatches of windthrown riparian zones are more likely in the sharp
edged landscape of the Interim Plan, dispersed windthrownay be
more common in the Landscape Plan in response to higher densit
and greater extent of residua

The Blue River watershed has been incorporated into an adaptive management area within the
Willamette National Forest, and will be monitored over time to determine if the projections are
realized. In someways, the OESF shares important attributes with the Blue River watershed: the
OESF contains severdtainagege.g., Clearwater River) that are almost wholly managed by
DNR,; there are extensive databases on forest stand composition, naturbhdcshistory, and

fish and wildlife habitat; and the OESF planning area has experimentainnraportant
management objective. We believe #8pproach used at Blue River could serve as the template
for a similar approach to landscape planning at OEB#s would entail, in some cases,
abandoning the HCP riparian buffer guidelines msteadntegrating riparian management into
upland forest treatments, particularly for Fitgh bearing headwater streams, as part of the
experimental treatments.

Queets River, WashingtorPotential Referenc€ondition

Research by University of Washington staff and students dowes Queets River within the
boundaries of Olympic National Pafikigure 1)can help shed light on the question:

What are the extents {eral and longitudinal) and stand features of riparian
forests needed to maintain and aid restoration of habitat complexity afforded by
natural disturbance regimes on the western Olympic Peninsula? How can forest
management be used to maintain and aidoragion of these forest

characteristics?

This work has focused on scientific characterizationlafgelyunmanaged coastal rainforest
watershed. The Queets River watershed (Figure 8) is especially relevant to the OESF because it

28



lies within theOESFplanning areand represents a relatively pristine referesitethat can be
used to identify target habitat conditionseomorphically, the Queets River system is similar to
other large, formerly glaciated valleys on the western Olympic Peninsula,ingchhé Quinault
R.,Clearwater R.Hoh R., Bogachiel R., and Sol Duc River.

Figure 8. Thdower Queets River within Olympic National Park. Photo: J. Latterell.

Studies ofallery forests adjacent the Queets Rivenave shown that floodplain terraces are
important sources of large woodcreitment for the mainsteifironda 1974) Figure 9 shows the
cycle of riverine terrace developmehat results from channel meandering.
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