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Enclosed is Technical Report 1999-1 from the Independent Multidisciplinary
Science Team on the forestry project that we just completed. The report
contains 19 specific recommendations. Most are directed to the Oregon
Department of Forestry (ODF), but there are aso recommendations for
Oregon Department of Fish and Wildlife (ODFW) and the Forest Research
Laboratory (FRL).

This report focuses on topics involving the management of (a) riparian aress,
(b) large wood (sometimes referred to as large woody debris), (€)
sedimentation from roads and landdlides and (d) fish passage at road-stream
crossings. While there are other forestry issues that could impact the recovery
of wild salmonids, we felt these were most important, and were within the
scope of what the IMST could do given the rest of our responsibilities.

The geographic scope of our report is forested lands west of the Cascades and
in the Siskiyous. We excluded forest lands on the east side in part because
grazing and forestry are so strongly intermingled on these lands and in many
instances it will be difficult to segregate the effects on aguatic habitat of one
land use from the other. | anticipate that IMST will address this intermixed
land use on the eastside and their different policies in a separate project. For
now we note that the concepts articulated for the westside forestlands can
likely be extended by ODF, ODFW and the FRL to the eastside forests.

Concerning this report, the IMST finds that some specific aspects the Oregon
Forest Practices Rules and the Measures of the Oregon Plan need
improvement in dealing with riparian buffers, large wood management,

sedimentation and fish passage at road-stream crossings. We believe these
changes can al be accommodated within the existing policy framework.
However, even with these changes, the current site-specific approach of
regulation and voluntary actions is not sufficient to accomplish the recovery



of wild salmonids. A landscape scale approach with flexible or adaptive management will be
needed. Our report recommends this for forestlands (see recommendations | and 2), but we
believe this will require a change in the forest policy framework of the State before it will be
feasible, equitable and attractive. Given that salmonids extend across most of the lands of the
State, | anticipate that in the future the IMST will conclude the landscape approach will need
to extend across this larger landscape as well.

To conclude, as you study our report keep in mind there are two levels of resolution and two
generd time scalesinvolved. One level of resolution is at the operational level involving
changes to existing Rules and Measures and their implementation. This level of resolution
can be accomplished in the near-term future. The second level of resolution isat the policy
level, asreflected in recommendations | and 2. Thisissues involved at this leve will require a
longer period of time.

The IMST will discuss this report with the ODF Advisory Committee on Forest Practices on
September 23. 1 will discuss this report with the Board of forestry on October 22.

The IMST remains committed to the mission of the Oregon Plan and hope our work is
helpful. We would be pleased to discuss this report or any of our other work with you at your
convenience.
Sincerdy Yours,

ogan A. Norris, Chair
Independent Multidisciplinary Science Team
LAN:grs

cc. IMST
JLCSRSR
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PREFACE

The recovery of wild sdmonids in Oregon depends on many factors, including quaity
freshwater and estuarine habitats. Freshwater habitat extends across adl the lands of the State,
and includes lands in urban areas and lands devoted to agriculture, forestry, and other uses.
Estuaries provide a transtion between fresh water and the ocean, and are a critica part of the
habitat of anadromous wild salmonids. The Independent Multidisciplinary Science Team
(IMST) is evauating the science behind the management practices and policies thet affect dl
of these freshwater and estuarine habitats.

We have subdivided the work to focus on mgjor types of land use (forestry, agriculture, and
urban land uses). The subdivisons correspond to the different policy frameworks within
which these lands are managed. Although the policies differ, these land usesinterface and
intermingle, and the aguatic environments on which the fish depend traverse and link them
al. We emphasize that the boundaries we make between these areasin our reports are
entirdy atificd.

IMST is conducting its andyss of land-use practices within a framework made up of three
fundamental concepts. Although not testable in a practica sense, we believe each concept is
consstent with generally accepted scientific theory. The concepts are as follows:

1. Wild salmonids are a natural part of the ecosystem of the Pacific Northwest, and
they have co-evolved with it. The contemporary geologica landscape of the Pecific
Northwest was established with the formation of the mgjor river/stream basins of the
region, gpproximately two to five million years ago. The modern saimonids of the
region largely developed from that time (Lichatowich 1999). The abundance of these
species at the time of Euro- American migration to Oregon is areflection of more than
10,000 years of adaptation to the post-glacia environment and 4,000 to 5,000 years of
adaptation to contemporary climatic and forest patterns. There is some indirect
evidence from anthropologica studies that sddmon in Oregon's coastdl streams may
not have reached the high levels of abundance that the first Euro- Americans saw until
about 1,000 to 2,000 years ago. The point isthat the salmonid stocks of today evolved
with the environment (co-evolved) over ardatively long period compared with the
length of time since Euro- Americans entered this landscape.

2. High quality habitat for wild salmonids was the result of naturally occurring
processes that operated across the landscape and over time. These same processes
occur today, but humans have dtered their extent, frequency, and to some degree,
their nature. Humans will continue to exert a dominant force on the landscape of the
Pacific Northwest, but current ecosystems need to better reflect the range of historic
conditions.

3. The environment and habitat of these speciesis dynamic, not static. At any given
location, there were periods of time when habitat conditions were better and times
when habitat conditions were worse. At any given time, there were locations where
habitat was better and locations where it was worse. Over time the location of better
habitat shifted. Samonid habitat in the Pacific Northwest has been a continuoudy
shifting mosaic of disturbed and undisturbed habitats. One of the legacies of sdmonid

iv



evolution in ahighly fluctuating environment is the ability to colonize new or
recovered habitat.

These concepts apply regardless of the land use, and are the basis for the evaluaionsin this
report that focus on forestry, as they will be in subsequent reports on other patterns of land
useaswdll.

Wild salmonid stocks higtorically accommodated changes in their environment through a
combination of three strategies. Long-term adaptation produced the highly varied life-
history forms of these species, providing the genetic diversity needed to accommodate a wide
range of changing conditions. High fish abundance distributed in multiple locations
(stocks) increased the likdihood that metgpopulations and their gene pools would survive.
Occupation of refugia (higher qudity habitat) alowed for recolonization of poor habitat as
its condition improved over time.

Since the mid 1850s, the rate and extent to which habitat conditions changed has sometimes
exceeded the ability of these species to adapt; therefore, stock abundance currently is gregtly
reduced. Although refugiaexist (et areduced level) today, population levels of wild sdmonid
stocks are serioudy depressed because of other factors (ocean conditions, fisheries and
hatchery management, land-use patterns and practices), that limit the rate and extent to which
recolonization can occur. In addition, some harvest and hatchery practices have diminished
the genetic diversty of samonids, limiting their ability to cope with climate fluctuations. It is
the combination of these factors and their cumulative effects since 1850 that have produced
the depressed stocks of today.

The higtoric range of ecologicad conditions in the Pacific Northwest, both of habitat and of
sdmonid stocks, isimportant because it provides a framework for developing policy and
management plans for the future. The performance of samonids under historic ecologica
conditionsis evidence that these habitats were compatible with saimon reproduction and
surviva. Land uses resulting in non-historical ecologica conditions may support productive
sdmonid populations, but the evidence for recovery of sdmonids under these circumstances
is naither extengve nor compdling.

Therefore, we conclude that the goa of management and policy should be to emulate (not
duplicate) naturd processes within their historic range. The recovery of wild salmonid stocks
isan iterative process. Just as policy and management have changed in the past they will
continue to change in the future, guided by what we learn from science and from experience.

\/



Executive Summary

The forests of Oregon are an important part of the landscape used by wild sdmonids.
How these forests are managed isimportant in attaining the goals of the Oregon Plan for
Salmon and Watersheds (Oregon Plan) and Oregon Executive Order 99-01. Agriculturd,
urban, and other environments are addressed in other projects of the Independent
Multidisciplinary Science Team (IMST).

Forested landscapes include both aguatic and terrestrial components. The linkage
between aguatic and terrestrial components has been recognized for along time and has
been prominent in the Oregon Forest Practices Act (OFPA) since its cregtion in 1972.
The OFPA and its Adminigtrative Rules were developed primarily to protect resource
vaues, including water quality and, indirectly, habitat for sdmonids. They were not
specifically directed towards the recovery of wild sdmonids, which is the misson of the
Oregon Plan. However, it isthrough the Adminigrative Rules of OFPA and the
Measures in the Oregon Plan that the mission of the Oregon Plan and Executive Order
99-01 are to be accomplished. The goals of the IMST forestry project are to

(@) articulate the stientific basis for the recovery of wild sdmonids asit relates to the
forests of Oregon, and

(b) recommend actions concerning the Rules and the Measures as they contribute to
accomplishing the mission of the Oregon Plan.

The geographic scope of this Technical Report is the portion of Oregon forests that
provide habitat for wild sdlmonids west of the crest of the Cascade Range and in the
Siskiyou Mountains. However, it dso provides the fundamenta concepts and relevant
science questions and findings for amuch broader area. Topically, it coversriparian
buffers, large wood, sedimentation, and fish passage at road- stream crossings because
IMST believes these are the most important aspects for the recovery of wild sdmonids.
The Report focuses on broad scientific issues and concepts. It isnot areview of each
OFPA Adminigtrative Rule or Measure of the Oregon Plan, although some are addressed
primarily as examples. The scientific direction provided by this Report can guide ODF
gaff (working with other panels of experts as needed) in formulating rules for OFPA and
measures for the Oregon Plan that are needed as part of accomplishing the recovery of
depressed stocks of wild salmonids.

Thisisalong and complex report addressng some issues with broad policy implications
that will take time to resolve, and some other issues that are more operational and can
probably be dedlt with more rapidly. The Report includes a preface in which the
fundamentd gpproach to recovery of wild saimonidsis outlined. Briefly, the gpproach is
emulaion (not duplication) of the historic range of conditions across the landscape. This
approach is gppropriate for al lands, athough the extent to which it is gpplied is amatter
of policy, to be determined in part by the extent to which wild salmonid recovery isto be
achieved. Thereport isdivided into sx sections with an gppendix. The details of the
organization of the report are in Section 1, The Introduction.

The report addresses three science questions:



Question 1. What isthe scientific basisfor maintaining fish habitat/water quality in
forested ecosystems with respect to riparian buffers, large wood, sedimentation, and
fish passage at r oad-stream crossings?

This question is applied to four broad subject areas:

Riparian Protection

Managing riparian areas differently than updope areas as a strategy for protecting fish
hebitat is scientificdly vaid only if it is done with the god of maintaining the dynamics

of landscape structure and function. Sharp demarcations between riparian forest and
upsope forest, and between fish-bearing and nonfisht bearing Streams are not cong stent
with the higtoric pattern.

Large Wood M anagement

Large wood is a key structurd and functiona component of agquatic systems. Most
models of large wood recruitment focus on riparian areas as the source, ignoring the
important contributions made by updope sources, especidly from landdides. Thereisa
critical need to restore the ecological processes that produce and deliver large wood to the
streams from riparian as well as updope aress.

Sedimentation

Sediment isanaturdl part of forest stream systems, as are the more coarse e ements of
stream structure, such as large wood, boulders, and gravel. Roads and landdides increase
the amount of fine sediment in streams, but do not always add the more coarse dements.
In addition, fine sediment production from roads is chronic rather than episodic.
Management of sedimentation from roads and landdides a the watershed level is more
difficult, and the scientific basisfor it isless well developed, dthough the concepts are
known and provide a basis for reasonable conjecture on how to proceed. In essence, the
concept isto vary the extent and intensity of disturbance in awatershed over space and
time, emulating the higtorical pattern of disturbance.

Fish Passage at Stream Crossings

The road-stream crossing guidelines developed by ODFW (ODFW 1996) are based on
science, dthough often not the result of explicit experimentation. They provide a
scientificaly sound basis for manegement of such crossings, dthough better information
should result from monitoring.

Question 2. Arecurrent forest practice Rulesand Measures with regard toriparian
buffers, large wood, sedimentation, and fish passage at r oad-stream crossings
adequate to achieve the mission of the Oregon Plan?

IMST concludes that current rules for riparian protection, large wood management,
sedimentation, and fish passage are not adequate to reserve depressed stocks of wild
samonids. They are not adequate because they are dominated by site- and actionspecific
drategies. While these are important as an initid step in accomplishing the mission of

the Oregon Plan, they are not sufficient for the recovery of critica habitat for wild
sdmonids.



Question 3. What strategies are needed in the management of forest resourcesto
achieve the mission of the Oregon Plan?

Recovery of wild sdmonids requires, anong other things, habitat that is functional across
the landscape. This means that policy, management, regulation, and voluntary actions
must also work across the landscape. Current State forest policy focuses on specific
actions occurring within defined periods of time at specific dtes. As an example, therules
provide for riparian protection on a Site-by-ste basis, rather than at the landscape leve.
Sharp digtinctions in the management of riparian zones (as compared to updope forests),
based on the size of the stream and the presence or absence of fish, will result in afailure
to maintain the dynamics of structure and function of riparian zones across the landscape.
In other cases, hazardous Sites on forest roads and railroad grades are exempt from
current OFPA Rules because the actions occurred before the Rules were in effect.
Mechanisms are needed to solve these problems on critica Sitesthat are exempted from
current rules. Similar examples can be drawn from conclusions about the recruitment of
large wood and the management of sediment and fish passage. A policy framework that
incorporates landscape perspectives and makes regulation, management, and voluntary
actions possible at this scae is needed.

There are three mgjor areas in which shiftsin policy are needed:

1. Incorporate the objectives of the Oregon Plan and Executive Order 99-01 into the
OFPA. Thiswill place an emphasis of regulation on the protection and enhancement
of habitat needed for the recovery of wild sdmonids.

2. Deveop policy that extends the management of forest resources to the landscape
level. This does not delete the Site- pecific aspects of current rules, but gpplies them
in adifferent context. It will entall ashift from prescriptive rules gpplied uniformly
across the landscape to site-by-site regulations that take into account cumulative
disturbance in the watershed, landscape features, and dimatic variation.

3. Deveop palicy that brings roads not constructed to current standards and other
hazardous settings in critica locations into compliance with current sandards. This
means having the current OFPA Rules applied to actions taken before the current
Ruleswere in force. In many cases, the operator acted in good faith and within the
rules of the day, but the outcome is not scientifically congstent with the misson of
the Oregon Plan; thus, a provison by which remediation is accomplished is needed.

Evauating policy options within the complexity of contemporary forestry isachdlenge.
Extending these options to the landscape level and over time makes the job enormoudy
more difficult. Fortunately, there are andytical approaches and models that can help.
Examples of these arein the CLAMS research project, the Umpqgua Land Exchange
Project, and others.

The following are the specific recommendations of IMST. The first two
recommendations will be difficult or impossble to implement within the existing policy
framework. These we identify as Recommendations that May Require a Modified Policy
Framework. Although these recommendations will take alonger period of timeto
implement, work on the revised policy framework should begin immediately. The other



17 recommendations can be accommodated within the existing policy framework of the
Oregon Forest Practices Act or the Oregon Plan. These we identify as Recommendations
Conggtent with the Existing Policy Framework, and we believe they can be addressed in
the near future. In aggregate, our recommendations are intended to both reinforce and
enhance the site-specific Rules of the OFPA and Measures of the Oregon Plan and
provide a bridge to management that incorporates alandscape perspective.

Recommendations for ODF
Recommendations that May Require a Modified Policy Framework

Recommendation 1. Explicitly incorporate the policy objective of the Oregon Plan and
Executive Order 99-01 into OFPA.

Recommendation 2. ODF should develop a policy framework to encompass landscape
(large watershed) level planning and operations on forests within the range of wild
sdmonidsin Oregon.

IMST recommends that the following dements be included in this modified forest
policy framework:

Long-term landscape level assessment of the upsope and riparian forest and
associated aguatic systems to ensure that the desired condition is maintained across
the landscape and through time.

| dentified goals for the characteristics of aquatic systems and riparian and updope
forests across the landscape to ensure the integrity of sdmonid habitat.

Monitoring that will provide the information needed to evauate the aggregated
outcomes of management a the landscape leve.

Coordination among agencies and watershed councils to facilitate landscape leve
planning and management at scales that extend beyond the forest.

Recommendations Consistent with the Existing Forest Policy Framework

Recommendation 3. Treat non-fish-bearing streams the same as smdl, medium, and
large fish bearing streams when determining buffer-width protection.

Recommendation 4. Provide increased riparian protection for the 100-year floodplains
and idands.

Recommendation 5. Increase the conifer basal-area requirement and the number-of-trees
requirement for RMAS, with increases in these requirements for medium and smdll
streams regardless of fish presence.

Recommendation 6. Complete the study of the effectiveness of the OFPA rulesin



providing large wood for the short- and long-term.
Recommendation 7. Provide enhanced certainty of protection for “core arees’.

Recommendation 8. Develop and implement standards or guidelines that reduce the
length of roadside drainage ditches that discharge into channdls,

Recommendation 9. Implement the standards and guiddines for the length of roadsde
drainage ditch between cross-drainage structures, especialy on steep-gradient roads.

Recommendation 10. Require the flow capacity of cross-drainage structures and stream+
crossing structures and culverts to meet current design standards.

Recommendation 11. Provide for the stabilization of roads not constructed to current
standards (including "old roads and railroad grades") in criticad locations. Stabilization
means reduction or eimination of the potentid for falure. It includes a variety of
drategies ranging from remova to abandonment, entirely or of sections, by which
specific roads and railroad grades become a much lessimportant source of sediment.

Recommendation 12. Require durable surfacing on wet-season haul roads and require
that hauling cease before surfaces become soft or "pump” sediment to the surface.

Recommendation 13. Retain trees on "high risk dopes’ and in likely debris torrent
tracks to increase the likelihood that large wood will be transported to streamswhen
landdides and debris torrents occur.

Recommendation 14. Continue to apply the current best management practices (BMP)
gpproach to the management of forest lands with significant landdide potentia, and
develop a better case history basis for evauating the effectiveness of BMP in this area.

Recommendation 15. Modify culverts and other structures to permit the passage of
juvenile and adult salmonids upsiream and downstream at forest road-stream crossings.

Recommendationsfor or with other agencies

Recommendation 16. ODFW and ODF should develop a collaborative program of
monitoring to quantify the linkages between parameters of ecosystem condition and wild
sdmonid recovery.

Recommendation 17. ODFW should complete "core ared” designation for dl wild
sdmonids in Oregon and identify high priority protection/restoration arees that are not
covered by current "core ared’ designations. ODFW should work with the Oregon Plan
Implementation Team in prioritizing habitat for enhanced levels of protection and/or
restoration.

Recommendation 18. ODFW should include consideration of practices (forestry,
agriculture, urban, other land uses) above and below core aress, as these may affect the
conditions and processes critical to maintenance of core areafunction in forestry arees.



Recommendation 19. The Oregon Forest Research Laboratory (FRL), in collaboration
with ODFW, should devel op forest road-stream crossing strategies that facilitate the
passage of large wood at road-stream crossings.

SECTION 1
INTRODUCTION

The forest landsin Oregon are an important part of the landscape used by wild salmonids.
How these lands are managed is important in accomplishing the mission of the Oregon
Plan for Sdmon and Watersheds (Oregon Plan) and the gods of Oregon Executive Order
99-01. This Technica Report of the Independent Multidisciplinary Science Team (IMST)
focuses on western Oregon forests and their management while noting, however, that dl

of the habitats used by wild salmonids are important. Non-forested environments are
addressed in other projects of IMST.

Forested |andscapes include both aguatic and terrestria components. The agquatic
components are critica to the surviva of salmonidsin Oregon, and they are strongly
linked to the terrestria components of these landscapes. This linkage has been recognized
for along time and has been prominent in the Oregon Forest Practices Act Sinceiits
creation in 1972. The Oregon Forest Practices Act and its Adminisirative Rules were
developed primarily to protect resource vaues, including water qudity and, indirectly,
habitat for sdlmonids. They were not specificdly directed towards the recovery of wild
sdmonids, which isthe misson of the Oregon Plan and the god of Executive Order 99-
01.

The Oregon Plan includes two approaches in forestry that together are intended to
contribute to the misson of the Plan. These are the gpplication of the Adminigrative
Rules of the Oregon Forest Practices Act and the Measures related to forestry in the
Oregon Plan. The focus of IMST on the forestry project is two-fold:

1. The scientific bass for the recovery of wild saimonids as it rdates to the forests
of Oregon, and

2. The Adminigrative Rules and the Measures in the Oregon Plan as they contribute
to accomplishing the mission of the Oregon Plan.

History and Scope of the Project

The 1997 Memorandum of Agreement (MOA) between the Nationd Marine Fisheries
Service (NMFES) and the State of Oregon contemplated that Oregon forest practices
would be adjusted to provide a high probability that aguetic habitat on Oregon forest

lands would be protected and restored. Such adjustments were to be considered through a
cooperative process with the Oregon Board of Forestry. Towards this end, the Oregon
Department of Forestry (ODF) formed the MOA Committee to develop recommendations
to the Board of Forestry by late fal of 1998. As part of this process, NMFS produced a
draft proposa on February 17, 1998, concerning Oregon forest practices (NMFS 1998).



The IMST initiated the design of areview of forest practices (the forestry report) in the
gpring of 1998, with the intention of completing the project about the time the MOA
Committee completed their work. Because of the legd challenges to the NMFS decison
not to list the north coast coho, the work of the MOA committee was suspended. IMST
also suspended work on the forestry report in order to complete work on the IMST
predation and hatcheries projects.

Executive Order 99-01 redirected work to be done on Oregon's Forest Practices Act
Rules, with recommendations for changes to be made to the Board of Forestry. IMST
reestablished its forestry project in January 1999, adjusting it to the State's new
relationship to NMFS and the expanded scope of the Oregon Plan.

The geographic scope of this Technical Report is the portion of Oregon forests that
provide habitat for wild sdlmonids west of the crest of the Cascade Range and in the
Siskiyou Mountains. Y et it aso provides the fundamental concepts and relevant science
questions and findings for amuch broader area. Topicaly, the scope of the Report dedls
with riparian buffers, large wood, sedimentation from roads and landdides (but not
harvesting or reforestation), and fish passage at road- stream crossings. Although other
topics could be included, IMST considered these the most important to the recovery of
wild smonids.

This Report addresses someissues that are quite broad and involve substantia changesin
policy. We expect these will take longer to resolve and the recommendeations associated

with them will take longer to implement. Some other issues are quite operationd in scale

and can be dedlt with within current policy. The recommendations related to these issues

may be more rapidly addressed.

This Report focuses on broad scientific issues and concepts. It isnot areview of each of
theindividua adminigtrative rules that are part of the Oregon Forest Practices Act
(OFPA), or the measures that are part of the Oregon Plan. In some casesit does focus on
specific rules or measures, but these are used primarily to illustrate examples. Lack of
incluson of a pecific rule or measure does not imply either gpprova or rgection of it by
IMST. The scientific direction provided by this Report can guide ODF staff (working
with other panels of experts as needed) in formulating adminigtrative rules for OFPA and
measures for the Oregon Plan that are needed as part of accomplishing the recovery of
depressed stocks of wild sdmonids.

Organization of ThisReport

Thisisalong and complex report, reflecting the breadth and complexity of the issues
involved. It isdivided into Sx sections with an gppendix. The following explanation of its
organization isto help readers direct their attention to the dements that are of greatest
interest. Figure 1 is a schematic representation of the report's organization.
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Section |. Introduction

$

The introduction provides the history and context for the report, and identifies the
major science questions addressed by the report.

Section 1. Concepts for the Recovery of Stocks of Wild Salmonidsin Oregon that
involve Forests and Forestry

$

The recovery of wild sdmonidsin Oregon depends on more than the forested
portion of the landscape of the state. The purpose of this section, however, isto
address the specifics of recovery that are particularly relevant to forests and how
they are managed.

Landscape ecology — basic concepts. Thisis areview of fundamental concepts
of ecology asthey operate at the large landscape level. These concepts are central
to the recovery of depressed stocks of salmonids in Oregon, regardless of the type
of landscape. In this section, we focus on concepts in forest settings.

Section 111, Science Questions and Answers

$

This section includes the specific questions IMST addresses, and our answersto
them.

Section 1V. Conclusons and Implications for Policy

$

This section draws the mgjor conclusions from the answers to the science
questions and addresses them in the context of their implications for policy. This
section is at the interface between science and policy. It is meant to help those
addressing policy to do so in ways that are as consstent as possible with what is
known from science.

Section V. Recommendations

$

These are the specific recommendations of the IMST.

Section V1. References

Appendix. Summary of the State of Knowledge

$

I nteractions between forests and forest practices as they affect water qudity and
aquatic habitat. Thisisareview of much (but not dl) of the knowledge from the
literature as it relates to the topic. This section is organized around four topics:
sdmonid habitat, riparian management, large wood, and sedimentation. It
provides the technica background and many of the references for the answersto
the science questions.



Science Questions

There are a great many science questions that could be part of this project. From these,
we sdlected three broad questions, which IMST considersto be most important in
accomplishing the misson of the Oregon Plan. These questions contain sub-dementsin
which more specific issues are addressed. We include the three broad questions here to
provide direction in reading the baance of this report:

1. Wha isthe scientific basis for maintaining fish hebitat/water qudity in forested
ecosystemns with respect to riparian buffers, large wood, sedimentation, and fish
passage at road-stream crossings?

2. Arecurrent forest practices Rules and Measures with regard to riparian buffers, large
wood, sedimentation, and fish passage adequate to achieve the mission of the Oregon
Pan?

3. What drategies are needed in the management of forest resources to achieve the
mission of the Oregon Plan?

Resource Materials

The forestry areais chdlenging because of the large number of summary and andytica
documents relevant to Oregon forests and forestry. These are the result of the regulatory
framework and history of the State of Oregon, the development of the Northwest Forest
Plan for federal forest properties (FEMAT 1993), and the proposal developed by NMFS
(NMFES 1998) concerning modifications of the Oregon Forest Practices Act
Adminigraive Rules.

Both Washington and Cdifornia have been reviewing their forest practices in attempts to
accomplish the recovery of sdlmonid stocks. These efforts produced two mgor reportsin
1999 (Cdifornia[ SRP 1999] and Washington [DNR 1999]). While differing in
terminology and specifics, both reports cover many of the same issues addressed in this
report of the IMST.

In aggregate, the documents from these various efforts are voluminous. IMST was not
able to review and comment on these documents in detail. In some cases, we comment on
their particular findings, but note that our doing so is not the result of athorough
evauation. Although these documents have both strengths and wesknesses, they

generdly provide areasonable bass for consdering the technicd issuesinvolved.

We have included additiona documents in the reference section of this report (identified
with an asterisk) which were not cited in the report. These documents, aong with the
cited materid, provide the technical basis for guidance in matters relating to changesin
forest practices asthey affect salmonid habitat.
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SECTION I
CONCEPTSFOR THE RECOVERY OF STOCKSOF WILD SALMONIDSIN
OREGON THAT INVOLVE FORESTSAND FORESTRY

CHANGING VIEWSOF SALMONIDSAND HABITAT

Our understanding of what congtitutes aguatic habitat for saimonids has changed
condderably with time, as have the conditions of streams in the Pacific Northwest over
the past 150 years. From early descriptions found in Army journass, diaries, and some
technical reports, we can reconstruct a description of salmon habitat in streams before the
mid-1850s. It isto these conditions that sdlmonids are adapted and to which their spatia-
tempord patterns of habitat use have evolved (Seddl and Luchessa 1981). A review of
the sources of higtorical information clearly demongtrates that most stream channels and
sdmon habitat were more complex than they are today (Sedell and Luchessa 1981; Sedell
et a. 1988; Brenner 1991). Sdmonid habitat is associated with structural e ements such
as large wood, which create complex channels with a diversity of micro and macro
habitats from headwaters to the ocean (Swanson et . 1976; Sedell et a. 1988). Large
wood is an important part of the structure of the stream channdl. It creates pools,
regulates sediment storage and distribution, provides nutrients and substrate for aquatic
insects, and creates pockets of cooler water (thermd refugia) in warm streams (Gregory
et al. 1991; Sedell and Swanson 1984; Sedell et a. 1988; Bilby and Bisson 1998). But
hedlthy sdmon habitat is more than the physical presence of those sructurd dements at a
given spot. Salmon habitat is aso the processes that creste, dter, and maintain those
€lements across whole watersheds (Naiman 1992).

Mgor changes in sdmonid habitat began with the arriva of large numbers of Euro-
American stlers to the Pacific Northwest during the mid- nineteenth century. To
accommodate the economic growth of their communities through trade and other means,
settlers began to sgnificantly dter streams. Obgtructions were removed from channdsto
fecilitate the passage of boats (Sedell and Luchessa 1981). Large logs and root wads were
aso removed from rivers to accommodate the gillnet fishery for sdmon.

Timber harvest intengified the impacts of development on stream channels. By the end of
the 1880s, every river that could float alog during high flows was being used to transport
them downstream to the mills (Cox 1974). In 1884, the first splash dams were built to
augment the natura flow of rivers and permit log trangport through most of the year
(Beckman 1970). Before logs could be moved downstream from a dam, however, the
main channel had to be cleared of al obstructions, including large wood and boulders,
and dl side channels and backwaters had to be blocked to keep the logs in the main stem.
After the rivers were cleared of debris, continued logging from riparian zones removed
trees that might eventualy have replaced the large structural eements lost from streams.

By the turn of the century, many river channels had aready been converted from their
natura state of complex tangles of logs, side channels, and surrounding wetlands to
unobstructed highways for boats, gillnets, and logs. Thus, when biologists began making
the firgt habitat surveysin the 1920s and 1930s, they believed that channd complexity,
including large pieces of wood or any kind of roughnessin the stream channel, was not
part of sdmon habitat. This belief semmed partly from the highly dtered state of rivers
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that existed at that time. When biologists began to focus their atention on stream habitat,
this dtered condition was viewed as the norm. In fact, some biologists equated streams to
highways: “Just as automobiles need smooth roads to operate on, fish need clean
unobstructed rivers and streams if they are to live, move and propagate” (Schoettler
1953). Although the remova of large logjams that completely blocked the migration of
fisheswas judtified, the vison of a clean unobstructed stream led biologists to support the
aggressive remova of large wood from the stream channel and the destruction of
important structural eements of habitat.

The vison of clean, unobstructed river channds and simplified habitat thet prevailed
before 1970 was matched by an equaly smplified view of how salmon used that habitat.
This view was based on an overly amplified perception of the life history of sdmonids—
generic paiterns of migration, spawning, and rearing that were assigned to salmon species
and races. The main slem and lower reaches of watersheds, which had aready been
cleared for splash damming and transportation, were viewed as merely conduits to carry
sdmon smoaltsto the sea. In their degraded state that was probably the only function these
streams were capable of carrying out.

Our undergtanding of what congtitutes aquatic habitat for salmonids has changed
consderably in the past 25 years. We now recognize that stream habitat for sdmonids
resemble those pre- 1800 stream conditions and not the unobstructed “highways'. Just as
our concept of what congtitutes healthy aguatic habitat has changed, so has our
understanding of how the salmonids used that habitat. W. F. Thompson (1959) visudized
sdmon habitat as “a chain of favorable environments connected within a definite season
and place, in such away asto provide maximum surviva.” He went on to state that a
given watershed and population of salmon would be composed of bundles of severd of
these chains of favorable places.

Thompson's modd introduced three new ideas that have subsequently been elaborated on
by others: First, hedthy stream habitat is complex and diverse. Sdmon, due to their
extendve migration throughout the various stages of their life histories, utilize multiple
segments of the stream, sdecting differing habitat types during each life history stage.
Therefore, there are severd possible chains of favorable places or life history pathways
(habitat types/location combinations for any particular species/stock) from headwaters to
the ocean. A hedlthy population is capable of usng multiple pathways through the
freshwater habitat when avallable. Sdlmon have evolved diverse life histories in response
to habitat diversty and complexity. Life history diversity has been identified in chinook
sdmon (Reimers 1973; Schluchter and Lichatowich 1977; Carl and Hedley 1984), in pink
salmon (Gharrett and Smoker 1993), and in coho saimon (Lestelle et a. 1993).

Second, the interaction between salmonids and their habitat has a space and time
dimension. The same habitat may be used by successive waves of sdmonids at different
times or seasons or for different purposes (Mobrand et a. 1997). Third, sdmonids and
their habitat comprise a single coevolved unit that cannot be separated for management
purposes. We cannot meaningfully think of sdmonid life histories without considering
the habitats those life histories require. Conversaly, we cannot think of sdlmonid habitat
without congdering the life higtories that make use of it. The fundamental management
unit isthe fish and its habitat (Healey and Prince 1995). Each species and itsresulting
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populations have evolved additiona diverdty in response to the diversity and complexity
intheloca habitat they encounter (Healey and Prince 1995).

The recovery of life history diversity isimportant to long-term productivity and
persistence of agpecies. The samonids environment is continudly fluctuating: droughts,
floods, fires, and changing ocean conditions are continualy testing the resiliency of each
species. Life higtory diversty isthe strategy sdmonids have evolved for surviva ina
fluctuating environment (Thorpe 1994). This dtrategy is successful because it preads the
risk of mortality in achanging environment (Den Boer 1968). Wild sdmonid restoration
requires the restoration of habitat complexity to alow the expresson of life history
diversty (Healey and Prince 1995). This gpproach requires a a minimum awatershed
scae mapping of life history on habitat and reconnection of the “chains’ of habitats and
life higtories from headweters to the ocean.

Our understanding of what condtitutes salmonid habitat is ill evolving. It is currently
shifting from gte-specific structures and ecologica functions to landscape-scae
processes that shape and maintain saimonid habitat. These changesin what we consder
stream habitat and how salmonid use that habitat have important and sometimes
overlooked implications. Restoration of habitat must consder the whole watershed and
its ecological processes and it must consider the entire chain of habitats required for
sdmonid to complete their life histories. For example, habitat restoration that focuses on
public land in the upper watersheds will only permit the restoration of alimited range of
life higtories. Habitats through the entire watershed must be addressed if sdlmonid are to
recover their full range of life history diversity. To accommodate our increased
undergtanding of sdlmon habitat, land- use practices including forestry, agriculture, and
urban and indugtrid development must dl be evaduated and examined from the
perspective of the entire landscape.

LANDSCAPE ECOLOGY: BASIC CONCEPTS

The study of landscapes as a system expands the focus from predictions about exact future
states to predictions about the relationships between large-scale properties of landscapes
(i.e., climat,e topography, and channel networks) and the long-term behavior of aquatic
systems. Benda et al.1998, p. 261.

Samonids have evolved to depend on many interrelated components of the terrestriad
landscape during severd phasesin their life histories. Since sreams are tightly linked to
the terrestrid landscape they flow through, when reviewing land-use practices and their
effects on saimonid habitat, it is necessary to andyze impacts on both adjacent and
distant components of the landscape. Analysis and adjustment of management practices
inriparian forests has received alot of attention. However, consdering the interrdlated
components of the entire landscape, a smilar analyss and adjustment in management
practices must occur in upd ope forests throughout the watershed. As outlined by
Schlosser (1991), the science of landscape ecology (Forman and Godron 1986) offers an
opportunity for thistype of anaysis by using landscgpe dynamics to andyze impacts of
land-use and strengthen land- use decisons.
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Taking only a Ste-specific approach to regulate landscape-level processes can be
counter-productive and in some cases catastrophic. For example, fire suppression has
been very successful in reducing the number of wildfires per year, but the subsequent
accumulation of fuels and changing forest Structure have increased the risk of severe or
catastrophic fires and/or insect and pathogen outbreaks. From a landscape perspective,
periodic fires that burn the forest understory (underburns) are critica to reducing fuel
loads and stand dengity. Without these more frequent—abut less intense—burns, the fire
regime has switched to less frequent but more intense fires. Thisexampleis echoed in
many land-use decisions. Failure to account for unintended consequences at specific Stes
often leads to unintended and therefore unplanned for results at the landscape levd.

Structure, function, and change

The structure and functiond interactions of the components in alandscape, dong with
their dynamic nature, form the conceptua basis for landscape ecology. Structura
components include the physica habitat occupied by sdmonids aong with the materids
that maintain the integrity of that habitat. Functiond interactions include the flows of
energy (food) and materids within the ecosystem. Aswith any living organism,
landscapes are dynamic: both structure and function change across time and space. Even
with change, stability is ensured as long as ecosystem structure and function are
maintained within certain bounds and dl required components remain within the
landscape. By examining the landscape components and how they interact to provide
good salmonid habitat, we can make better land-use decisions.

L andscape patterns

Landscapes form didtinctive patterns influenced by geologicd, climatic, and hydrologicd
processes, vegetative responses, and land-use history. Understanding landscape patterns
and how they influence function (physical, chemica, and biologica interactions of
ecosystems) is important when eva uating impacts of management on aquitic habitat. As
summarized in Naiman and Bilby (1998), the width of aforested riparian zone and the
extent of the forest influence are related to stream size and morphology. Smdl updope
sreams—the primary downstream conduit for water, sediment, organic material, and
nutrients—are heavily influenced by upland forests with very limited riparian vegetation.
The channdls are generdly steep and filled with unsorted sediments, boulders, and wood
that exceed the streams transport capabilities. In contrast, middope streamstypicaly
have a distinctive band of riparian vegetation whose width is determined by
geomorphology, long-term hydraulic forces, terrestrid disturbance, and successiond
patterns. The stream channels are characterized by moderate to steep gradients, substrates
of boulders, gravel, and sands, and frequent large wood jams. Their connection with the
updope forestsis buffered by the presence of riparian vegetation and more frequent, less
intense, hydrologicd disturbance.

Landscape patterns result from the dynamic interaction between structure and function,
and provide the heterogeneous habitats required by the numerous life-stages and species
of sdmonids. Establishing a quantitative link between fish habitat requirements and
landscape patterns and processes is key to designing land- use practices that work within
the range of forest conditions that encourage the recovery of sddmonids. However, it
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should be recognized that providing habitat smilar to historical levels must be coupled
with the spatid arrangement and landscgpe dynamics dlowing for function (Wimberly et
a., in press).

Disturbance

Periodic disturbance plays an important role in maintaining the integrity and variability of
sdmonid habitat, since the extent, magnitude, and frequency of disturbance are key
components in shaping landscape structure and functions. For example, within the
Oregon Coast Range, historic patterns of disturbance are dominated by climatic events
that result in heavy precipitation, windstorms, and lightening- caused fire (Benda et d.
1998; Agee 1993). The frequency, intendty, and magnitude of the response to these
disturbances vary widely, depending on the structural components of the landscape (i.e,
topography, channd networks). These structural components ultimately determine the
impact of disturbances and their effect on habitat integrity. For example, input of large
wood into streams involves an interaction between disturbances that kill trees (e.g., fire)
and floods that are of sufficient magnitude to trangport them. Variation in the frequency
of fires affects the rate of wood input to streams, aswell asiits potentid sze. Along the
northern Coast Range, for instance, the fire frequency exceeds 400 years (Agee 1993),
alowing time for forests to produce very large trees.

Although fireis not the only cause of tree mortdity, the synergy crested when a
catastrophic fire is followed by intense storms leads to massve inputs of sediment, rock,
and wood into aquatic systems (Benda et d. 1998). The variability in the amount of wood
and sediment added to streams over time and space is just one part of landscape dynamics
that should be considered when devel oping management strategies to protect salmonid
habitat. Although we may never be able to recreate the historic patterns of landscape
disturbance, they can be used as a guide to choosing management options which may
ultimately maintain habitat integrity and function across the current landscape.

Wild salmonidsin relation to landscape ecology

The Nationa Research Council’ s (1996) recommendation is to view salmon from the
broader, metapopulation perspective, aswell as by loca populations. Metapopulations
are groups of local populations that are distributed across a heterogeneous landscape and
geneticdly linked by dispersd of individuas (Hanski 1991; Hanski and Gilpin 1991).
Metapopulation theory has only recently been used to interpret sdlmonid population
structure and ecology and to formulate management strategies (Reiman and Mclntyre
1993, 1995; Gresswell et d. 1994; Li et d. 1995; Mundy et d. 1995; Schlosser and
Angemeier 1995; National Research Council 1996; Independent Scientific Group 1996).
Sinceit isrdatively new, its goplication to sdmonid populations should be viewed as a
hypothesis that must be tested through effective monitoring and evauation (Independent
Scientific Group 1996).

Metapopulation theory directly links populations to the natura disturbance regimes that
shape landscape structure and function. The linkage is the bal ance between the extinction
of locd populations after severe habitat disturbance and the subsequent recolonization of
previoudy disturbed habitats as they recover. This extinction-colonization baance
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depends on the dispersd of individuas and the connectivity between habitats occupied by
populations making up the metapopulation. If the frequency of disturbance—whether
human caused or natura—that degrades a species habitat exceeds its ability to maintain a
ba ance between extinction and recolonization, the individua populations and eventudly
the entire metgpopulation will go extinct.

Severd models of metapopulation structure have been presented (e.g., Schlosser and
Angermeier 1995), but the core-satellite model gppears to describe the structure of
Pacific sdimon metapopulations (Li et a. 1995; Schlosser and Angermeier 1995;

I ndependent Science Group 1996). Core populations are large, usualy occupying
extensive and productive habitats, under natural conditions, the core population is
expected to pergst indefinitely. Satdllite populations often occupy margind habitat. Their
abundance may fluctuate widdy in response to changes in climate, and they may go
extinct after severe disturbance events. Dispersd of sdimon from alarge core population
will colonize vacant habitat, reestablishing satellite populaions and generdly minimizing
the possibility of total extinction of the metgpopulation (Harrison 1994). If core areas
identified in the Oregon Plan were associated with core populations, then it would be
critica to protect those habitats to prevent the extinction of the metapopulation and
ensure the possihility of recovery.

A LANDSCAPE APPROACH

IMST believes the principles of landscape ecology should be used in managing samonid
habitat at both the site-specific and landscape level. When concepts of landscape ecology
are gpplied to forest land-management decisions (throughout the forested watershed), the
focus shifts from individua stream reaches or habitat components to the dynamics of
landscape patterns and processes. Using historic patterns as aguide, alink between fish
habitat requirements and landscape patterns and processes can be established. Currently,
OFPA riparian buffer rategies are gpplied uniformly across the landscape. But a
landscape dstrategy emulates disturbance patterns in both the upsope and riparian aress.

The Augustus Creek Study (Willamette Nationa Forest) provides a useful example to
illustrate what we mean by managing to better emulate naturd disturbance patterns
(CisH et d. 1998). This study produced alandscape plan based on historicd fire
regimes. Figure 2 contrasts the land use dlocations based on higtoric disturbance (A) and
the Interim (Federd) Northwest Forest Plan (B). In (A), aguatic habitats include areas of
both late-successiond forest and younger forests, creating more diversty, resulting in
higher productivity. In (B), use of ariparian reserve network provides for some
functions, but it lacks the connection to the upd ope forests, is homogenous, and does not
emulate historic conditions.

At the larger landscape scae, there would be an aggregation of basins like the Augustus
Creek study area. In the absence of amgor natura disturbance, management would
proceed as "planned” in dl the basins. When amgjor disturbance (i.e., debris flow, fire)
occurs in one of the basins and salmon habitat is negatively impacted, then management
practices in an adjacent, lessimpacted basn may need to change.
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Figure 2. Contrasting land use alocations for the Augusta Creek Basin. A. represents
landscape areas based on higtoric disturbances. B. represents management areas based on
the interim (Federal) Northwest Forest Plan.
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The landscape gpproach will be quite difficult to implement because it will require that
we think and act in some different ways. It will require alevd of collaboration that will
be chdlenging

Philosophically — Some of the “decision space’ and accountability we have
higoricaly held closdly will need to be shared more widdly.

Legally — Some exigting laws and policies make collaboration et thislevel impossible,
difficult or & least unattractive.

Practically — How can it be done &t the practica operationa level?

The landscape approach is not something that can begin immediately, or be implemented
uniformly, or thet will yidd resultsimmediiatdly.

It will taketimeto (a) develop the policy framework that makesit possible and
attractive, (b) improve the scientific base of understanding on which it rests, (c) refine
the tools and techniques that are needed for assessment, planning, monitoring, and
andysis, and (d) educate the various publics to the role this gpproach can play in
natural resources management.

Implementation will not be possible everywhere. For instance, there may be
insurmountable policy barriers between actions at the private/state and federd levels,
or there may be no feasible way to include many of the small woodland owners.

It will take time for this approach to yield clearly discernable resultsin sdmonid
recovery because of the many factors (beyond the forest) that are involved, and the
period of time it will take the landscape to respond and reflect these different
approaches to practice. Monitoring of ecosystem and fish responses are essentid.

Despite these chdlenges, IMST bdievesit isimportant to start, and do what can be done
whereit ispossble. Smdler scae efforts (for instance in the ODF Northwest Forest Plan
Area) may be ausgful initid scae. This could be treated as atrid effort, in which
techniques are developed and refined. While not a replicated experiment in the

traditiona sense, it isalife-scale case history experiment from which a great dedl can be
learned.

SECTION I
SCIENCE QUESTIONS AND ANSWERS
Question 1. What isthe scientific basis for maintaining fish habitat/water quality in
forested ecosystems with respect to riparian buffers, lar ge wood, sedimentation, and
fish passages at r oad-stream crossings?
A. Riparian Buffers
(1.) Riparian buffersasa strategy.

Limiting forest management practices adjacent to aguatic areasis the most common Ste-
specific strategy gpplied on forested lands. Thereis alarge body of scientific literature
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on the riparian buffer widths required to retain various aguatic functions. However, there
is little discussion about the scientific basis for riparian buffers as alandscape structure,
particularly, ther resiliency and role in maintaining landscape-level processes. Riparian
vegetation often differs from updope vegetation because its environmenta conditions,
disturbance histories, and successond patterns are distinctive, especialy on low-gradient
higher-order streams (Pabst and Spies 1998). When riparian protection strategies have
been designed on the basis of buffer width, there has been little consderation of the
interaction between riparian and updope forests or the historic patterns created by
riparian forests and their role in maintaining ecosystem heterogeneity. Although riparian
buffer gtrips have been found to be sufficient for maintaining many physical structures

and processes, thisis not sufficient. Aquatic systems include a unique blend of both
physica and biologica components that interact with historic and current disturbance
(Bechta 1997).

Recommended riparian buffer width should vary according to the ecosystem function
under consderation, as well asthe attributes of the ecosystem. For example, ardatively
narrow gtrip of vegetation may provide shade, but maintaining reative humidity in the
riparian area may require a buffer in excess of 100 m (Dong et d. 1998). Currently, most
measurements of changing riparian and aguatic function, as influenced by buffer width,

are made on forested buffers adjacent to cutover forests or young regenerating stands
(Hibbs and Giordano 1996; Brosofske et a. 1997; Dong et a. 1998). Thisis quite
different than comparing a riparian forest with an adjacent updope forest of amilar age

or older.

Since the current riparian strategies on forested lands have not been in place long enough
for long-term monitoring, alook at historic conditions is the best indication of future
success in restoring stocks of wild sdmonids. Historicaly, the Coast Range disturbance
regime was dominated by frequent ssorms and infrequent but intense fires (Benda et d.
1998). From this we would expect to find a heterogeneous mix of riparian and updope
forests across awatershed. In a given basin, the riparian forests contrasted with updope
forests could be younger, older, or the same age, and could vary in their density.

The current regulatory framework has an implicit goa of maintaining older conifer

forests with varying tree densities dong the stream, surrounded by younger conifer
forestsin the updope. In addition, current rules are based on the attainment of old forest
structure, as represented by 120-year-old forests. The frequency of disturbancein
riparian forestsis highly variable. Fire return intervas of 300 years and/or 50-year flood
events created a dynamic heterogenous mixture of young and very old forests. The
remnants of these old conifer forests are represented by the large sumps found adjacent
to many streams. The current strategy, athough functiond in the short-term, will not
create alandscape pattern based on historic disturbance. Therefore, it would not be based
on our best understanding of ecosystem structure and function. The riparian buffer
approach creates a snuous, sharply demarcated landscape pattern that has alimited
historical basis.

Riparian management zones are thus being defined by management needs, and not in

accordance with natura processes and the maintenance of riparian biological and
physica functions. We conclude that in the long term, riparian buffer drategies, asa
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single landscape feature with sharp updope demarcations, will not provide sufficient
protection for the recovery of sdmonids.

Riparian buffersasa strategy.

On the basis of scientific evidence, we conclude that managing riparian aress differently
than updope areas as a Strategy for protecting fish habitat is scientificdly vadid only if
done with the god of maintaining the dynamics of landscape structure and function.
Riparian buffer strategies, as a sngle landscape feature with sharp updope demarcations
are not consistent with higtoric pattern.

(2) Riparian buffer management based on stream size.

Asoutlined in the appendix of thisreport, stream size impacts aquatic sructure and
function. Smaller streams in upper reaches transport materid such as large wood down
into lower, more productive reaches. Depending on the morphologica conditions of the
stream, transport is either in smal steady flows or in large pulses associated with floods.
Larger streamsin lower gradient portions of the watershed are areas of deposition and
organic materid processing, making them some of the most productive reaches for some
sdmonids.

Floodplain developmert is aso influenced by stream size. Floodplains are geomorphic
surfaces created and shaped by dluvid processes during floods. These depositiona
surfaces are created by the stream and are part of the stream channel. Theseriverine
surfaces then form the templates for floodplain forest development. Vegetated
floodplains are stabilized by rooting and are latera refuges of lower velocity and
gructura complexity for fish. When vegetated floodplain refuges are available, flood
disturbances potentialy provide many benefits, such as pool formation, riffle depostion,
complex wood accumulation, sediment flushing from gravels, and exchange of food
between terrestrid and aquatic ecosystems. Riparian protection for the floodplain is
needed for it to perform these functions.

Given the didtinctive differences between stream function based on size, we concludeiit is
scientificaly sound to vary riparian widths with stream size. On alandscape basis, care
should be taken to maintain a variety of forest types and ages on all stream reaches,
including smal and intermittent streams, and in the floodplain.

Riparian buffer management based on stream size.

Because stream Sze affects aguatic structure and function, it is scientifically sound to vary
riparian widths with stream size. On alandscape basis, care should be taken to maintain a
variety of forest types and ages on dl stream reaches, including smdl and intermittent
streams, and in the floodplain.
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(3) Riparian buffer management based on fish presence.

Non-game fish and other aquetic organisms play arole in the functioning of stream
systemslocally, and contribute to downstream processes. In addition, distribution of
sdmonids will change as populations adjust to dynamic landscape and ocean conditions.
Therefore, unlike stream size, the presence or absence of gamefish is not ascientificdly
sound basis for managing riparian buffers.

Riparian buffer management based on fish presence.

Thereisnot a scientificaly sound basis for managing riparian buffers based on the presence
or absence of gamefish.

Conclusion

Overdl, the current strategy of riparian buffers does not emulate historic conditions at the
landscape level. Although some strategy of buffering islikely to be necessary, even with
landscape levd management, we believe it should be much different than the highly
prescriptive approach reflected in current OFPA Rules.

B. LargeWood

The scientific literature on the importance of large wood to aguetic habitat is consderable
and continues to expand (Spence et d. 1996; Bilby and Bisson 1998). It provides a clear
scientific basis for the need to manage forest practices to ensure a continuous supply of
large wood to the aquatic habitat. The specific level of large wood needed to bring about
recovery of liged sdmonidsis till uncertain, however.

The scientific bass for the need to manage large wood and the current management
strategies come from three sources. Resear ch into recruitment and function of large wood
in agquatic habitats has contributed to the development of management srategies. Sream
surveys give the status of large wood in Oregon’ s streams rel ative to current benchmarks.
Findly, historical reconstruction of aguatic habitats provides important information on
the volume of wood in stream channels a the time of Euro- American settlement.

(1). Functions of large wood.

The literature on the importance of large wood on the structure of stream habitat was
recently reviewed in Spence et d. (1996) and Bilby and Bisson (1998). Large wood
accounts for much of the pool formation in streams draining forestland, and pools are the
preferred rearing habitat for coho and other salmonidsin Oregon’'s coastdl streams
(Nickelson et d. 1992). Other functions of large wood include (8) trapping and regulating
the flow of sediment, (b) providing substrate and nutrients to the aquatic food web, (c)
cresting complex patterns of hydrologic flow, (d) keeping sdmon carcasses in the stream
(their nutrients can be an important part of the food web), and (e) providing therma
refugia
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Functions of lar ge wood.

Large wood is critica to the proper functioning and condition of aguetic systems, and it
Isessentid in the recovery of wild sdmonids in areas where it existed higtoricaly.

(2.) The status of largewood in streams and the landscape.

Higtorica recongtruction of aquatic habitats clearly shows that large wood in the stream
channel was amgjor feature of Oregon’ s watersheds. Prior to the early 1800s, Oregon’s
coadtd rivers contained alarge volume of wood that created complex habitat Sructure,
including large pooals, backwaters, and associated wetlands (Swanson et d. 1976, Seddll
and Luchessa 1981, Sedell et a. 1988, Brenner 1991, Brenner and Sedell (1994). It was
this condition—nhabitat and channd complexity imparted by significant volumes of large
wood—to which samonids adapted and to which their spatid and tempord patterns of
habitat use evolved (Sedell and Luchessa 1981). Inaddition, portions of the forested
landscape were dominated by extensive older foredts, large snags, and the associated
accumulation of large downed wood (Teensma et d. 1991).

Shortly after the arrival of the first Euro- American sdttlers to the Peacific Northwest,
stream channds were radically atered. Not only was large wood removed from the
channd to facilitate the use of riversfor transportation, potential wood replacements were
harvested from riparian and upsope forests. This atered state of inner channels was
maintained by continued logging in the riparian zone and the problem was compounded
by remova of wood from streams into the 1970s.

As part of the Oregon Plan and other efforts, extensive surveys of large wood in forest
streams are being conducted in Oregon’s coastd rivers. Surveys of about 2,000 Stream-
miles on non-Federd lands show there are fewer pieces of large wood in the stream
channd s than specified in the current Oregon benchmarks. About 40 percent of the
stream-miles surveyed are considered adequate or good with regard to the presence of
large wood, but 60 percent are considered poor. Probably more important to the long-
term recovery of wild sdmonidsis the finding that 94 percent of the riparian areas (a
potential source of future large wood in streams) are themselves ranked as poor with
regard to the presence of large conifers (ODF 1999).

We conclude that Oregon streams and adjacent forests currently contain much lower
levels of larger wood than they did higtoricdly, and under the current management
practices, the potentia for recruitment will not result in its replenishment.

The status of large wood in streams and the landscape.

Oregon streams currently contain much lower levels of larger wood than they did
higoricaly.
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(3) Managing for recruitment of lar ge wood.

Theriparian zone is an important source for large wood. The trees that fdl into the

stream from the riparian zone come predominantly from within 98 feet of the channd

edge. However, large wood can aso be recruited from as far as 165 feet from the stream
bank. A riparian buffer conssting of taller older trees contributes large wood from grester
distances than do younger forests with shorter trees (McDade et d. 1990; Van Sickle and
Gregory 1990; Fetherston et d. 1995). In unconstrained stream reaches, large wood from
the floodplain aso can eventually reach the stream becauise of floods or laterd migration
of the stream channd (Bilby and Bisson 1998).

Upslope areas adjacent to headwater streams are aso an important source of large wood.
In intermediate-Sized stream channels, large wood may originate on the dope above a
headwater tributary and be ddlivered to the lower stream reaches through a debris torrent.
Firg- and second-order headwater streams provide alarge amount of the wood that forms
habitat in larger channels downstream (Prichard et d. 1998).

We conclude that both riparian management areas and unstable upslope areas are
important for the recruitment of large wood to streamsin the future. While harvesting
has reduced the amount of large wood available for recruitment, it must dso be
recognized that the level of mortdity in forested systems has also been reduced. Fire
suppression, limitations on pathogens, and thinning have reduced the production of snags
on thelandscape. Therefore, even if old forests are allowed to develop, management will
have to aso facilitate the recruitment of snags.

Managing for recruitment of large wood.

Both riparian management areas and unstable updope areas are important for the
recruitment of large wood to streams.

Conclusion

The current status of large wood in Oregon streamsiis far outside the historic range and
we believe thisis serioudy hindering the recovery of wild sdmonids. Management
drategies that more nearly emulate the historic range of condition are possible and can
contribute to the attainment of the mission of the Oregon Plan.

C. Sedimentation

Sediment occurs naturaly in forested stream systems. Although thisis part of the naturd
disturbance regime for this region, the processes of erosion have accelerated with the
increase in forest management activities.

Fine sediment isa natura part of stream systems, as are the coarser elements of stream
dructure, such as large wood, boulders, and gravel. The trick in achieving qudity habitat
for salmonids is to keep these various éements in balance with one ancther. Thereisno
definitive scientifically based “tolerance’ for fine sediments, but in the absence of
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introductions of boulders, large wood, and grave, it is prudert to minimize the
introduction of fine sediment.

(1.) Managing chronic sedimentation from roads at the site level.

Scientific investigation and andys's have produced a sound scientific basis for site-leve
management of the production of road-related sediment and its movement to streams.
The volume of literature is such that a point-by-point andyss of it by IMST is
impractica, and can be done by ODF gaff. Briefly:

Fine sediment production increases with road congtruction, use, and maintenance. The
scientific principles that govern sedimentation are well documented in the literature:

Actions that decrease the Sze of soil particlesincrease the amount of fine materid
available for water trangport. An example is the production of fine particles from the
mechanica action of vehicular traffic on forest roads.

Actions that expose the soil surface or disturb road or ditch surfacesincrease eroson
potentia. Some examplesinclude excavating road cuts, clearing vegetation from
roadsides and ditches, and scraping road surfaces with road graders or other bladed
vehicdles.

Once fine particles have been produced, they are available for transport to streams where
they can impact the quality of salmonid habitat. The key issues concern the effectiveness
of road-drainage systems and the dispersa of ditch-drain water.

We accept that drainage from road ditches into streams cannot be completely diminated,
but we believe that it can be greatly reduced. Dispersing road drainage water onto stable
dopes rather than into channes will minimize the movement of sediment from roadsto
sreams. Science has shown that undisturbed forest floor has a high infiltration capacity.
Although it has not been explicitly tested, logic indicates that sediment transported to
such areas will be trapped in the soil profile and will be less likely to enter the stream.

The volume and velocity of the water determine its erosive and sediment trangport power.
Crossroad drainage culverts are used to limit the distance over which the volume of road-
drainage water can accumulate. On stegper roads, the distance between crossroad
drainage culvertsis decreased to prevent the accumulation of large volumes of rapidly
flowing water. Empiricaly derived guiddines for crossroad drainage systems have been
part of the literature for many years, but often have not been rigoroudy followed.
Systemdtic vdidation of these guiddines should be incorporated into the monitoring
program to determine their adequacy. In the meantime, however, implementation of the
guidelines should reduce the introduction of chronic sediment from roads.

Managing chronic sedimentation from roads at the site level.

Fine sediment production increases with road congtruction, use and maintenance. Thereis
adrong, scientificdly sound bassfor site-levd management of sediment production and
movement to streams.
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Some reports argue that chronic sediment particles from roads are too small to be
entrained in gravel, and therefore have little impact on sdmonid production. Although
thisislikey true in the sense of saimonid egg surviva and emergence of fry, we find this
view too narrow. More suspended sediment will deposited in areas where water velocity
isdower, and chronic sediment production and trangport will occur even during periods
of lower stream flow. The result will be increased sediment deposition in pools,
backwaters, and other areas critical for rearing. In addition, suspended sediment reduces
the transmission of light, which reduces the primary productivity of the stream.

Suspended sediment also decreases vishility, which may dter foraging and territoridity
behaviors and perhaps the ability to evade predation.

We conclude that chronic sediment production can be managed and mitigated and that
thereisascientificdly valid bassfor doing so. The technicdl literature (Some of which

is reviewed in the appendix) provides the scientific basis for this. Examplesinclude the
use of rock to armor aroad surface, reduced tire pressure, revegetation of exposed soil
surfaces, and retention of vegetation on roadsides. Technical specidists can use the
literature to develop specific practices for reducing chronic sediment production from
roads. Minimizing the amount of road drainage water that flows directly into streams and
channels can reduce the movement of fine sediment from roads to streams. This can be
accomplished by decreasing the distance between crossroad drainage structure and by
diverting more road drainage water onto stable dopes.

(2.) Managing chronic sedimentation from roads at the landscape level.

Thereisasound scientific basis for the management of chronic sediment production and
trangport to Streams at the Site leve, but there has been less andysis a the landscape
level. There are rdationships in the literature showing the quantity of sediment
production as a function of the number of roads in awatershed. In generd these
relationships suggest that sedimentation increases with road dendty, but as a practica
meatter these are empirical or intuitive reationships and are not the result of critical
experimentation. There are many Site-specific factors that influence these relationships
and their empirica nature makes it difficult to gpply them (quantitatively) to other aress.

We conclude the reported rel ationships between road density and sedimentation provide
only quditative guidance for landscape-leve planning and management. Monitoring and
more case history andyses will provide a stronger basis for policy.

Managing chronic sedimentation from roads at the landscape level.

The reported relationships between road density and sedimentation provide only
qualitative guidance for landscape-leve planning and management. Monitoring and
more case history andyses will provide a stronger basis for palicy.

(3.) Managing episodic road failure.
The literature on sedimentation from roads is dominated by the impact of catastrophic

road falures. The topic is complicated by the episodic nature of sorms and changing
road congtruction and maintenance standards. Among the various operations that occur
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on forest lands, the scientific base of knowledge and experience over the past two
decades have increased the most with respect to road construction and maintenance. This
increase in knowledge provides a sound basis for the development of guiddines and
standards that will greetly reduce sedimentation from road failures. The base of
information has been summarized effectively in presentations to ODF and in the issue-
andyd's documents prepared by the Department. Technica staff (in the Department and
elsawhere) can use this information and these documents in refining rules and measures

to help accomplish the mission of the Oregon Plan.

Road-failure related sedimentation is best addressed in three parts: 1) location, 2) design
and congtruction, and 3) maintenance and abandonment.

Road L ocation

Our knowledge of the relationships between geology, soils, topography, and climate is
well developed and scientificdly sound. Much of the improvement in road location
standards over the past few decades have come from this knowledge. Continued
adherence to these best management practices (BMP) will result in amarkedly fewer
falures of new roads than of so-caled “legacy” or “old” roads (meaning roads not
covered by OFPA, often those constructed before current ruleswerein force). The
literature and experience support the value of using BMP to locate roads such that they

minimize sream and channdl crossngs
do not cross wetlands or areas with a high likelihood of dope falure

Road design and congtruction methods

Current road design and construction methods are well documented in the literature and
arewdl reflected in ODF documents. The scientific and engineering principles on which
they rest are sound.

Road Maintenance and Retirement

Road location, design, and condruction establish the limits of the potential impact of a
road on saimonid habitat. Maintenance (short- and long-term) often determines the
degree to which the potentid impact (for protection or damage) is achieved. Scientific
and technical analyses show that roads not constructed to current standards are involved
in adisproportionately large number of road-related dope failures. We believe that a
systematic program of road retirement and stabilization of hazardous Stes can minimize
both the catastrophic and chronic sources of sediment from roads no longer in active use.

The strategies for road retirement and stabilization have evolved from experience and
from adaptation of the principles associated with road maintenance. Specificdly:

remove culverts and stream crossings that are more susceptible to catastrophic failure

during heavy gorms
prevent channelization on road surfaces

gabilizefills
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limit access
encourage revegetation

These strategies have not been scientificaly tested for effectiveness, but they have a
sound theoretica basis. A more systematic basis for judging the effectiveness of various
road retirement Strategies can be developed through case history andysis and monitoring.

We conclude that the scientific and technicad bagis for what is needed in road
maintenance and retirement iswell developed and known. Refinements in this knowledge
can occur through the monitoring and event analysis programs thet are aready part of
ODF programs.

Managing episodic road failure.

The scientific and technicad basis for what is needed in road maintenance and retirement
iswdl developed and known. Refinements can occur through the monitoring and event

analysis programsthat are dready part of ODF programs.

(4.) Managing dope failure and the movement of material to the stream system.

Landdides occur in both disturbed and rlatively undisturbed forests. Available evidence
from centra and northwestern Oregon indicates that forest management activities
increase the frequency of landdides within a period of one to two decades after
disturbance. Results from the ODF study (ODF 1998b) are consistent with the suggestion
that harvesting may shift the timing of occurrence of dope fallure and concentrate it

within the two decades after harvest. Although a provocative idea, we do not consider
thisarigorous test, and caution againgt adoption of this as a paradigm without further
testing. We do not consider it an adequate technical basisfor policy formulation.

Sope stability problems need to be consdered at the site and the landscape level. The
logic for managing dope fallureis (a) to identify Stes where Sgnificantly eevated risks

of dopefallure exist, and (b) to moderate or limit management activities believed to
increase the occurrence of dopefalure. The ability to characterize (or predict) the risk of
dopefalureisnot uniform across the scale of risk. At the extremes of the risk of dope
falure, the ability to predict accuratdly is gregter, eg., for agiven st of geologicd soil
and climatic conditions, shalow dopes are unlikely to fall but very steep dopes are more
likely tofail. Prediction of dope falure must be donein the face of uncertainty about
wegther patterns over the first two decades after disturbance.

The ability to predict dopefailureislimited by

the difficulty of accurately predicting inherent dope stability, except at the extremes

of condition (including stegpness)

limited knowledge of how a given management tactic might interact to increase or
decrease inherent dope stability, and

inability to predict pattern of extreme weather events over a subsequent period of one
or two decades.
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These points gpply at both the site and the landscape level, but some degree of averaging
occurs at larger scdes, with an increase in the accuracy with which dope fallure can be
predicted (at the landscape level). The consequence is a grester ability to "manage’ in the
face of dope failure at the landscape leve. The concepts for thisare illustrated in Figures
3and 4 (Bendaet d. 1998).

Figure 3. A sequence of rainstorms (&) and fires (b) generates a sequence of landscapes
within abagin (c) which results in an intermittent sequence of sediment ddlivery to the
channd system. The time sequence of sediment supply is represented as a distribution

(d) indicating how likely various magnitudes of sedimentation occur. Channd response
depends on the size digtribution and durability of the sediment ddlivered. (From Benda et
al. 1998, p. 275.)
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Figure4. A 1000-year smulation of landdides in a 200-kn? basin in the Oregon Coast
Range indicates that the likelihood of landdides and associated sediment and wood
ddlivery to the channel system increases with increasing basin area. (a) a3-kn?
headwater basin experiences infrequent landdlides. (b) a 25-kn tributary subbasin
contains agreater tota number of potentid landdide sites and is more likely to include a
fire: hence, landdides occur more frequently and in grester numbers within this larger
area. (¢) Numerous subbasins and avary large number of potentid landdide Sites are
contained within the entire 200 kn? basin. Landdlides occur somewhere within the basin
athird of al years. On rare occasions, when large fires are followed by intense sorms,
well over 100 landdides can occur within the basinin asngle year. (From Benda et d.
1998, p. 278.)

Although the ideas in these figures are conceptually strong, they must be vadidated
through monitoring and andysis based on the continued use of BMP. Thereis some risk
in continuing the present approach (because in some cases dope failures will be
underestimated), but the long-term gain in benefit for management across large areas may
be worth therisk. Thisisapolicy question.

Not al landdides result in transport of materia (debris torrents) to sireams. When they
do, the consequences vary. In some cases, stream channels and riparian zones have been
completdy scoured, leaving the system in a highly unproductive state, a least over the
near future. In other cases, landdides have sgnificantly enhanced fish habitat by adding
gtructural complexity and spawning materiads or creating off-channe refugia Aswith
most other eements of resource management, there is no single smple solution.
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Although specific evidence is limited, we believe that functiond riparian zones may be
an important factor in diminishing the adverse effects of debris torrents. Riparian zones
can contribute large wood and other debris to the torrent, maintaining some balance
between the amounts of sediment, gravel, boulders, and large wood. This idea requires
vaidation through monitoring and analysis of BMP. It may be premature as abasis for
policy formulation, but we believe it is conceptualy correct.

We conclude that the geology, engineering, and geotechnical concepts for addressing
dope failure are reasonably well developed and are described in Benda et d. (1998),
Swanson et d. (1987), and in ODF (1998b). We conclude, however, that except where
inherent dope stability is at its extremes (either very great or very low), regulatory or
voluntary measures have little certainty of reducing sedimentation from nonroad-rel ated
dopefalure a the Stelevd.

Managing sope failures and the movement of material to streams.

Slopefalureisanatura process and it can have both pogtive and negative effects on
fish habitat. The technicd basis for managing roads to reduce or minimize dope falure
iswdl developed. The technica basis for managing non-road-related dope failure is
much lesswell developed, except under extremes of Site conditions. Although
speculaive, we bdieve maintenance of functiond riparian zones aong channels where
debris torrents may occur can mitigate their destructive force, and increase the positive
effects they may have.

D. Fish Passage at Road-Stream Crossings

Road/stream crossings impact salmonids through blockage of access to upstream habitat,
as sources of chronic sediment input, and as Sites of catastrophic failure and subsequent
debristorrents. Fish passage at forest road crossingsis reported to be amgjor factor in
loss of habitat suitable for fish (ODF 19984). Studiesin Washington documented |oss of
coho summer rearing habitat from culverts at 13 percent of the total decrease in habitat.
This decrease was considered to be greater than the combined effect of al other forest
management activity related causes (ODF 1998a). Conroy (1997), noted that as many as
75 percent of culvertsin given forested drainages in Washington were ether outright
blockages or impediments to fish passage. The technica basis for solution of this agpect
of the habitat problem iswell established. Strategies include minimizing the numbers of
such crossings, reducing the erodability of exposed soil surfaces, making them stable
during periods of high water, and providing for upstream and downstream fish passage.

Specific best management practices must be adopted on asite-by-Stebass. A set of
road-stream crossing guiddines have been developed by ODFW (ODFW 1996). The
guidelines were adopted in 19961997 by memorandum of agreement among severd
gate agencies, including ODF and ODFW. These are based on science, athough specific
design ements are the result of extrapolation from scientific principles and often are not
the result of explicit experimentation.




Fish Passage at Road-Stream Crossings

The ODFW guiddines are believed to be scientificaly sound (athough not thoroughly
tested) and provide an adequate basis for managing fish passage at road- stream crossings.

Question 2. Arecurrent forest practices Rulesand Measureswith regard toriparian
buffers, large wood, sedimentation, and fish passage adequate to achieve the mission
of the Oregon Plan?

The current OFPA Rules and Measuresin the Oregon Plan are predominantly
prescriptive and Ste specific, and ded with specific actions. Our andysis of the scientific
bass for management (see question 1) provides the basis for an andysis of the adequacy
of the Rules and Measures. While thisreport isnot areview of the Rules and Measures,
we provide the following evauation of adequacy to highlight some examples.

Riparian Buffersasa Strategy

The current Rules will result in buffers with characteritics that are quite different from
adjacent updope foredts, resulting in sharp demarcations and a landscape condition that
does not emulate the historic range of conditions.

Riparian buffer management based on stream size

Current OFPA rules correctly alow for varying buffer width and stand dendity based on
dtream size, with smaller streams receiving less protection compared to larger streams.
Riparian buffer management based on fish presence

The OFPA Rules and the Measures outlined in the Oregon Plan are not scientificaly
sound for the recovery of wild sdmonids because they only consider game fish and do
not adequately address the contribution of non-fish bearing streams to many downstream
processes.

Riparian bufferson floodplains

OFPA rulesfor riparian management provide no protection for floodplains outsde the
RMA. This means that floods in floodplain reaches may extend beyond the RMA and
increase the risk of erasion and channel change on the outer margins of floodplains.
These areas will not provide the ecologica functions associated with stream riparian
gystems.

Functions of lar ge wood

OFPA Rules and the Measures of the Oregon Plan acknowledge the importance of large
wood in aguatic systems.

Managing for the recruitment of large wood
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Within exising RMAS, the width is adequate for recruitment of large wood but the
dengty of large conifersis not, especidly on samdl sreams. RMA protection must be
extended to stream reaches not currently included and trees must be retained on unstable
updope to increase the potentia for large wood recruitment.

Managing chronic sedimentation from roads

OFPA Rules provide an adequate basis for addressing severd of the chronic sources of
sediment from roads at the Ste level. Specific attention in implementation needs to be
given to enforcement with respect to road drainage directly into channels, cross-road
drainage frequency, road surfacing, tire pressure, wet season operations, revegetation of
exposed surfaces, and vegetation retention on roadsides. The Rules do little to address
roads at the landscape level except to encourage strategies that reduce the construction of
new roads.

Managing episodic road failure

Current road design and congtruction methods are scientifically sound and well
documented in the technical and operationd literature, providing a sound basis for OFPA
Rules and Measuresin the Oregon Plan. The Rules and Measures are adequate in this
regard, with attention to implementation.

M anaging road maintenance and abandonment

OFPA Rules provide an adequate basis for regulation of road maintenance. Inthe
implementation of the Rules, it isimportant to retain culvert design discharge capecity.
OFPA Rulesrequire that culvert replacements conform to current standards, including
providing for passage of 50-year flow events. However, this requires complex
judgements on the part of operators and landowners, often under emergency conditions.
The chalengeis to ensure the information necessary for making the right decison is
reaedily available, and that gppropriate regulatory oversight is provided.

Managing dope failure and the movement of material to the stream system

Continued use of BMP as permitted under the Rules is gppropriate, but it needs to be
combined with monitoring and case history andysis to provide a better basis for
management of dope falure in the future,

Fish passage at r oad-stream crossings

Pending better information and the results of monitoring, the ODFW guiddines provide a
sound bagis for managing fish passages at road-stream crossings.

The changes noted above, combined with their effective implementation, will improve
the effectiveness of ste-gpecific Rules and Measures. We conclude, however, that Site
gpecific rues aone, even with these changes, will not result in the emulation of the range
of historic condition at the landscape level needed for salmonid recovery. The problems
with Ste spedific rulesindude the following:
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A. Each steor action istreated asif it isindependent of any other. Thisignores
cumulative effects and it ignores other related processes occurring in other parts of the

landscape.

Cumulative effects are often difficult to explicitly measure at the landscape levd, but
they are consgtent with logic. For example, roads produce fine sediment and culverts
and stream crossings modify the movement of water, sediment, and large wood.
Although difficult to demondrate a the watershed levd, logicdly, the production of
fine sediment increases with the length of aroad system and number of stream
crossings, and the movement of water, sediment, and large wood is increasingly
influenced as the number of culverts and stream crossingsincrease.

The relationships between riparian and updope areas provide examples where current
rules ignore related processes occurring in other portions of the landscape. Asan
example, current OFPA riparian rules relating to large wood recruitment are based on
achieving 58 to 92 percent of the large wood that results from ameature forest riparian
zone. Reying primarily on recruitment from riparian buffers, watersheds that
higtoricdly had sgnificant contributions of large wood from updope positions have
much lower levels of large wood recruitment than the historic range of condition.
ODF acknowledges that currently the rules do not address the issue of potentia large
wood inputs from upd ope sources.

As asecond example, the riparian forest is treated as distinct from the updope forest.
Theresult of current riparian protection isa strip of mature forest between the upsope
forest and the stream.  Since the updope forest is managed primarily for harvest of
trees, and the riparian forest is managed to develop into mature forest for stream
protection, larger demarcations between the two forest types could/will develop. This
will dmogt certainly result in ariparian forest structure and function (perhgps an
updope aswdl) that is different from historic conditions (Murphy 1995). Landscape
level godsfor riparian and updope conditions must be developed and implemented to
dlow for the full complement of physicd and biologicd structures and functions, while
minimizing risk to the aquatic system. We bdlieve the key is emulation of the higtoric
range of condition.

B. Application of uniform riparian rules results in ardaively uniform outcome
throughout alandscape. A principle outlined in the Preface is that heterogeneity of
ecosystem conditions across time and space is the pattern to which wild samonids
adapted. The gpplication of uniform rules tends to reduce the heterogeneity.

As an example, the current riparian management rules require specific widths and basal
area retention for streams of specific Szes. Over time the result will be an increesingly
uniform condition in the riparian zones of alandscgpe. There will be little varigtion in
the entry of sunlight, organic materid, nutrients, insects, large wood, and other
materias to the aguatic sysem. Thiswill poorly emulate the historic range of
condition.
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We conclude that the current site- specific Rules and Measures contribute to achieving the
mission of the Oregon Plan, but they areinsufficient. 1n the short run, they must be
incorporated into alandscape approach. Over the long run, the Ste-specific Rules and
Measures may be able to be smplified and become less prescriptive as management,
policy, regulation, and voluntary measures are developed at the landscape level.

Adequacy of site-specific strategies for achieving the mission of the Oregon Plan.

The current Site-specific Rules and Measures contribute to achieving the misson of
the Oregon Plan, but they areinsufficient. They must be incorporated into a landscape

approach.

Question 3. What strategies ar e needed in the management of forest resourcesto
achieve the mission of the Oregon Plan?

Based on our understanding of the science, we believe alandscape approach to palicy,
resource management, regulation, and voluntary actions is needed to accomplish the
mission of the Oregon Plan. The current gpproach is primarily aste- and actionspecific
prescriptive approach. Other approaches are at the conceptua or landscape leve only. It
islikely that ablend of these gpproachesis best.

A. Prescriptive Approaches

Prescriptive approaches are the dominant strategy for the regulation of practices on
forestlands. They typicaly specify the actions that should (or should not) occur at any
given ste. An example isto leave a buffer strip of some specific width (or widths) dong
streams. The Oregon Forest Practices Act, the federal Northwest Forest Plan, and the
Forest Practices Rules in Washington and other states are dl prescriptive in their
approach.

Asoutlined in the Preface to this report, we believe emulation of the historic range and
digtribution of conditions at the landscape leve is essentia to accomplishing the mission
of the Oregon Plan. Thisisthe criterion we gpply in our analysis of the capacity of
several prescriptive gpproaches to this god.

(1.) Oregon Forest Practices Act and Adminigtrative Rules

The contemporary version of the Oregon Forest Practices Act was enacted in 1972, with
subgtantive revisonsin 1987 and 1994, and the latest modifications in 1998. The OFPA
Rules regulate forestry activities, and were devel oped to protect forest-related resource
vaues, including waters of the state. They provide benefit to sdmonids through
protection of water quality and habitat, but they do not include the recovery of wild
sdmonids.

The OFPA rules focus on specific activities as they occur on specific Stes. Examples
include timber harvest, use of pesticides and other chemicals, reforestation, and the




design, congtruction, and maintenance of roads. They incorporate a landscape perspective
with respect to some aspects of timber harvest (for instance by limiting the Sze and
adjacency of clearcut harvest units) and some aspects of roads (encouraging the use of
existing roads rather than building new roads where practical).

The OFPA rulesinclude Water Protection Rules, which include specifics for Riparian
Management Areas (RMAS). Vegetation retention along streams follows a protocol that
is designed to meet criteriafor "desired future conditions'. The purpose of these
requirements is to provide for the establishment or re-establishment of functioning
riparian habitat dong streams, which will benefit water quality of fish habitat. These
rules are designed to minimize or avoid adverse effects to the waters of the state, but are
action and Site specific. They do not include alandscape perspective.

(2.) The (federal) Northwest Forest Plan

The Forest Ecosystern Management Assessment Team (FEMAT) devel oped the
Northwest Forest Plan (ROD). It is based on the andlysis of 10 options for management
of federd forests within the range of the northern spotted owl, and it focuses on wildlife
Species that are associated with late-successona and old-growth forests. Allocation of
land to a system of “reserves’ intergpersed with lands where timber harvest can occur and
Adaptive Management Areas (where new gpproaches to management can betried) is
centrd to the Northwest Forest Plan. Specific Standards and Guidelines for Management
provide precriptive eements.

Key watersheds were aso identified and prioritized within each land alocation. The
Agquatic Conservation Strategy, under the Northwest Forest Plan, was designed to protect
and restore salmon and stedlhead habitat by maintaining and restoring ecosystem hedth

a the watershed scde. Thisincludes watershed analysis. The current measures are
conservative, and may be changed as additiona information providing a better basis for
management options becomes available.

The Northwest Forest Plan includes both a site-specific and alandscape perspective,
athough it does little to include lands outside of federa ownership, even when they are
key parts of the landscape to be managed. A variety of policies and laws (some of which
are conflicting) have made it difficult to achieve the full array of federa management
objectives or the e ements of adaptive management that are a criticd part of the
Northwest Forest Plan.

(3.) Washington Forest Practices Act and Rules

The State of Washington has regulated forestry activities on state and private lands since
1974 through the Washington Forest Practices Act. Under the Act, the Washington Forest
Practices Board (WFPB) issues Rules (WFPB 1995) and a Board Manua as guidance for
regulation of foredtry activities. The rules have gone through many changes, with the

most current legidation directing futures rules to be based on the April 1999 “Forest and
Fish Report” (DNR, 1999).

The Forest Fish Report articulates four gods:
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Provide compliance with the Endangered Species Act for aquatic and riparian
dependent species on non-federd forest lands.

Restore and maintain riparian habitat on non-federa forest lands to support a
harvestable supply of fish.

Meet the requirements of the Clean Water Act for water qudity on non-federa
forest lands.

Keep the timber industry economicaly viable in the State of Washington.

Priorities include riparian protection (buffer zones with regiond variations) for fish and
non-fish habitat, road maintenance and construction and protection for unstable dopes,
adaptive management, watershed analysis, and other issues. The approach includes
prescriptions designed to achieve desired future conditions, based on scientific criteria
that are believed will provide gppropriate ecologica functions required for water quality
and stream habitat.

The Washington State approach is smilar in many respects to the OFPA agpproach,
athough it incorporates more contemporary, strategies including watershed analysis and
alandscape based approach. However, as with OFPA, the Washington State strategies do
not adequately incorporate the landscape perspective needed to accomplish the mission of
the Oregon Plan.

Wefind that regulatory frameworks for managing natura resources are often focused on
sgngle factors and present asmplified view of complex ecosystem interactions. The god
of regulation may be multifaceted (i.e., water quality), but the rule designed to obtain the
god is often sngular (i.e., a 100-ft riparian management zone). A "one-gze-fits-dl"
gopproach, while an attractive regulatory framework, is not capable of reflecting the
dynamic nature of landscape structure and function. In addition, by limiting the
gpplication of scientific concepts, managers are often discouraged from adapting the
regulatory framework to coincide with changing ecologica conditions.

We do not consider the prescriptive gpproaches included in the Oregon and Washington
forest practices rules to be consstent with the direction provided by science for the
recovery of Oregon’swild sdmonids. To meet the objective of long-term ecosystem
function, a conceptua- based management approach may be more successful.

B. Conceptual Approaches

The science of landscape ecology forms a good conceptual basis for meeting the god of
enhancing and maintaining samonid habitat (Schiosser 1991). By developing apalicy
framework that encourages landscape patterns that reflect the historic conditions under
which samonids evolved, the entire landscape can play arole in achieving properly
functioning aguetic conditions. A mosaic of conditions across the landscape was once
achieved through naturd disturbances. Although we can never recregte the same dynamic
System on our current landscape, we can use our current understanding and monitoring of
results to better tailor our management activities towards the same end.



There are difficulties inherent in goplying alandscape- based management strategy. The
lack of large-scale quantitative relationships makes it hard to predict the impact of
management decisions on desired outcomes. There are modds available that smulate
disturbance history (Benda et al. 1998), sediment transport (Benda and Dunne 19973, b),
and large wood recruitment (Meleason and Gregory 1999); however, these models
remain to be vdidated across larger landscape scales. In addition, the regulatory
framework of such acomplex approach would be difficult to monitor, athough sadlite
imagery and projects such asthe Coasta Landscape Analysis and Modding Study
(CLAMY) indicate that the required technology is rapidly becoming available.

We conclude that the science of landscape ecology provides the appropriate concepts for
landscape level management, but it is not sufficiently well developed and tested to permit
its widespread use now. In addition, the policy framework (a.combination of regulation,
voluntary action, incentives and other gpproaches) required to make it workable has not
been developed.

C. A Blended Approach

The Oregon Department of Forestry is preparing a management plan for over 600,000
acresin northwestern Oregon. The plan isablend of the prescriptive approach (because it
does not violate the OFPA rules) and a conceptua approach (because it uses principles of
landscape management).

This plan has the god of maintaining properly functioning conditions in both terrestria

and aguatic systems, including a variety of habitats and forest conditions across the
landscape and over time. Aquatic systems are further considered with agod to provide
sandsthat are diverse in Sze, type, and arrangement, both adjacent to riparian areas and
across the landscape. In addition to these landscape-based gods, the plan will be
implemented under the current regulatory framework established by the Oregon Forest
Practices Rules. The aguatic strategies outlined in the plan attempt to take a blended
approach by including both an overd| landscape management eement, aswell as more
specific prescriptive eements, to be applied when different forest activities are
conducted.

Inareview by severd scientists (Hayes 1998), the plan was recognized for having a
strong conceptua basis rooted in science. However, the scientists agreed that individua
management gpproaches (such as riparian buffer widths) were not well supported with
scientific data

D. Emulating Higtoric Patterns — A Challenge

Designing a management strategy that emulates historic patterns of disturbance at the
landscape leved isauseful framework, but we need to recognize that we are managing
from current conditions, and these do not fully reflect historic landscape patterns.
Higoricdly, the mgor disturbances in the forests of western Oregon included fires and
hydrologicd (i.e., landdides, debris flows, floods), climétic (i.e., drought, wind), and
pathogenic (i.e., insects and disease) events. Although they are often discussed as
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separate incidents, it should be recognized that these disturbances are interrelated and
often have synergidtic effects on terrestrid and aguetic systems.

These disturbances and their interactions change aguatic systems and add to their spatia
and tempord heterogeneity. The degree of change depends on the frequency
extensveness, and intendity of the disturbance and the condition of the ecosystem. For
example, a severefire, followed by a 50-year sorm will provide the aguetic system with
sediment, rock, and large wood at a time when the hydrologic forces are present to
trangport and deposit it (Benda et a. 1998). The effects of fire dso interact with the age
class of the forest. For example, in younger stands, fire may kill many trees because their
bark is rdativey thin; smdler materid isaso more likely to burn completely, leaving

less wood to be transported into streams. The frequency or return interval of a
disturbance can have mgor impacts on forest composition and density. For example,
frequent disturbances that provide light and an adequate seedbed would favor short-lived
species such as red ader, whereas |ess frequent gap-formation events (such asroot rot or
patchy blow-down) would favor shade-tolerant conifers. Mantaining the riparian forest
heterogeneity based on higtoric patterns should be considered when designing riparian
protection strategies.

Conclusion

We conclude that the current OFPA Adminigtrative Rules and the Measures of the
Oregon Plan are designed to meet our forest management goals, but are not adequate for
accomplishing the misson of the Oregon Plan. To better meet the god of properly
functioning aguatic systems, we believe an approach that retains prescriptive dements

but incorporates landscape level perspectivesis needed. The blended approach taken by
Oregon Department of Forestry in their Northwest Management Plan with afew
modifications is an example. The modificationsinclude 1) the immediate protection of al
existing core habitat while implementation occurs; 2) taking abroader perspective to
include adjacent private lands, and 3) the implementation of ascientificdly vaid
monitoring program.

Strategies needed in the management of forest resour cesto achieve the mission of
The Oregon Plan.

The current OFPA Adminigtrative Rules and the Measures of the Oregon Plan are
designed to meet our forest management godlss, but are not adequate for accomplishing the
mission of the Oregon Plan.

To better meet the god of properly functioning aguatic systems, a blended approach that
retains prescriptive € ements but incorporates landscape-level perspectivesis needed. The
blended gpproach taken by Oregon Department of Forestry in their Northwest
Management Plan with afew modifications is an example. The modificationsinclude the
immediate protection of dl exigting core habitat while implementation occurs, and taking
abroader perspective to include adjacent private lands, and the implementation of a
scientificaly vaid monitoring program.




SECTION IV
CONCLUSIONSAND IMPLICATIONSFOR POLICY

The science-based conclusions and implications for policy are drawn from our answersto
the science questions and are grouped in four areas: riparian protection, large wood
management, sedimentation, and fish passage at stream crossings.

Conclusions
Riparian Protection

Managing riparian aress as a Srategy for protecting fish habitat is scientificaly vaid only
if it is done with the god of maintaining the dynamics structure and function across the
landscape. Sharp demarcations between riparian forest and ups ope forest, and between
game-fish-bearing and non-bearing streams, are not consstent with the historic pattern.

L arge Wood M anagement

The current status of large wood in western Oregon streams and the future recruitment
potentia for large wood are not adequate to ensure recovery of depressed stocks of wild
samonids. Most modds of large wood recruitment focus on riparian areas as the source,
ignoring the important contributions made by updope sources, especidly from landdides.
Thereisacritica need to restore the ecological processes that produce and ddliver large
wood to the streams (riparian as well as updope). Correcting this problem will take a
long time, severa decades. We do not believe the current OFPA ruleswill achieve the
desired levels of large wood in the stream channels and in the forested riparian zones. A
rigorous coast-wide monitoring and eva uation program and an adaptive management
process is needed to detect and solve problems.

Sedimentation

Forestry operations increase the amount of chronic and episodic production of fine
sediments. Disproportionately high amounts of fine sediment, compared with the coarser
elements of stream structure (large wood, boulders, gravel, and cobble), diminish the
quality of habitat for wild sdmonids. In many instances, excess fire sediment can be
reduced or the balance between finer and coarser materia improved through actions a
the site, usng exiging knowledge. Examples include designing, locating, congtructing,
and maintaining roads to minimize failure and to prevent road drainage from entering
dreams, maintaining trees on areas with ahigh risk of dope failure; and maintaining fully
functiona riparian zones to reduce the extert of disturbance of debris torrents.
Management of sedimentation at the watershed levd is more difficult, and the scientific
bassfor it islesswell developed, dthough the concepts are known and provide abasis
for reasonable conjecture on how to proceed. In essence, the gpproach isto vary the
extent and intengity of disturbance in awatershed over space and time, emulating the
historica pattern of disturbance.
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Fish passage at stream crossings

The stream-road crossing guidelines devel oped by ODFW (ODFW 1996) are based on
science, dthough often not the result of explicit experimentation. They provide a
scientificaly sound basis for management of such crossngs, athough better information
should result from monitoring.

Implicationsfor Policy

Current forest policy for the state of Oregon focuses on forest management and
environmenta protection, but not the recovery of wild sdmonids. The Rules and
Measures by which current policy objectives are sought focus on specific actions
occurring within defined periods of time at specific Stes. It is precriptive: the rules
provide for protection on a Site-by-dte basis, rather than at the landscape leve. Therules
make sharp digtinctions in how riparian zones are managed, which may result in afailure
to maintain the dynamics of structure and function of riparian and aquatic zones across
the landscape. In other cases, hazardous sites on forest roads and railroad grades are
exempt from current rules because the actions occurred before the rules were in effect.
Mechanisms are needed to solve these problems on critical Stesthat are exempted from
current rules. Similar examples can be drawn from conclusions about the recruitment of
large wood and the management of sediment and fish passage.

There are three mgjor areasin which shiftsin policy are needed to achieve scientific
congstency with the misson of The Oregon Plan.

$ Incorporate the objectives of the Oregon Plan and Executive order 99-01 into the
OFPA. Thiswill place an emphasis of regulation on the protection and
enhancement of habitat needed for the recovery of wild sdmonids.

$ Develop policy that extends the management of forest resources to the landscape
level. This does not delete the Site- specific aspects of current rules, but applies
them in a different context. It will dlow a shift from the current more prescriptive
rules gpplied uniformly across the landscape to Ste-by-Ste regulations that teke
into account cumulative disturbance in the watershed, landscape festures, and
dimatic variation.

$ Develop palicy that identifies, prioritizes and brings roads not built to current
gtandards and other hazardous settingsin critical locations into compliance with
current standards. This means having the current rules gpplied to actions taken
before the current rules were in force. It isremediation of particularly hazardous
gtuations. In many cases the operator acted in good faith and within the rules of
the day, but the outcome is not scientifically congstent with the misson of the
Oregon plan; thus, aprovison by which remediation is accomplished is needed.

Evaluating Policy

Evauating policy options within the complexity that characterizes contemporary forestry
isachdlenge. Extending these options to the landscape level and over time makes the job
enormoudy more difficult. Fortunately, there are anaytical gpproaches and models that
can be useful. Although it is not as Smple as just “ getting and running the modd”, these



approaches from research can help. Examples of these are currently in usein the
CLAMS research project and the Umpqua Land Exchange Project, both in western
Oregon. Another exampleisillustrated by the work of Bettinger et a. (1998), who
andyzed policy optionsinvolving aguetic habitat and timber production over timein a
15,000-acre watershed in eastern Oregon.

During the policy trangtion, regulatory actions will have to be treated as hypotheses that
must be tested through adequate monitoring and eval uation. ODF will need to respond
rapidly to new information obtained through the monitoring and evaluation program.

SECTION V.
RECOMMENDATIONS

This Report focuses on broad scientific issues and concepts. It is not areview of each of
theindividua Adminigtrative Rulesthat are part of the Oregon Forest Practices Act or the
Measures that are part of the Oregon Plan. In some cases it does focus on specific Rules
or Meaaures, but these are used primarily to illustrate examples. Lack of inclusion of a
gpecific Rule or Measure does not imply elther approval or rgection of it by IMST. The
scientific direction provided by this Report can guide ODF staff (working with other
pands of experts as needed) in formulaing Adminigrative Rules for OFPA and

Measures for the Oregon Plan that are needed as part of accomplishing the recovery of
depressed stocks of wild salmonids.

The following are the pecific recommendations of the IMST. Some of our
recommendations can be accommodated within the existing policy framework of the
Oregon Forest Practices Act or the Oregon Plan. These are identified as
Recommendations Cons stent with the Existing Policy Framework, and we believe they
can be addressed in the near future. Some other recommendations will be difficult or
impossible to implement within the exigting policy framework. These we identify as
Recommendations that May Require a Modified Policy Framework. Although these
recommendations will take alonger period of time to implement, work on the revised
policy framework should begin now. In aggregate, our recommendations are intended to
both reinforce and enhance the site- pecific Rules of OFPA and Measures of the Oregon
Plan and provide a bridge to management that incorporates a landscape perspective.

Recommendationsfor ODF
Recommendations that May Require a Modified Policy Framework

Recommendation 1. Explicitly incorporate the policy objective of the Oregon Plan and
Executive Order 99-01 into OFPA.

The policy objective of OFPA includes (among other things), the protection of water
quality and aquatic habitat. Site-gpecific rules that protect aquatic habitat and water
quaity are necessary to achieve the policy objectives of the Oregon Plan. However, they
are not sufficient because they do not specifically address the recovery of the depressed
stocks of wild salmonids covered by the Oregon Plan and Executive Order 99-01. The
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objectives of the Oregon Plan and Executive Order 99-01 should be a specific objective
of the OFPA if OFPA isto be scientificaly consstent with them.

Recommendation 2. ODF should develop a policy framework to encompass landscape
(large watershed) leve planning and operations on forests within the range of wild
sdmonids in Oregon.

The current forest policy framework focuses on individua actions at specific Stes.
Although thisis critical to accomplishing the mission of the Oregon Plan, IMST does not
find thet it is sufficient. There is a srong scientific basis for believing that achieving the
mission of the Oregon Plan requires management of habitat for wild salmonids at the
landscape (large watershed) level.

Large watersheds (such as the Willamette River, Alsea River, and others), include both
forested and non-forested lands. Given that forests tend to predominate in the upper
reaches of watershed aress, it islogica to provide for landscape (watershed level)
management of forestlands within the framework of OFPA. Other policy frameworks will
need adjustment to accomplish this same recommendation on other lands. The landscape
level gpproach that is recommended for forestry will be prominent in IMST reportson
other land uses as well.

IMST recommends that the following € ements be included in this modified forest policy
framework:

Long-term landscape (water shed) level assessment. Watershed level assessments of the
conditions of updope and riparian forest and associated aguatic systems are needed to
determine the changes necessary to achieve the desired future conditions. Thisis

believed to be an important mechanism for decisons and planning for management on

the landscape scde. Remote senaing, digita evation modds, and avariety of modding

and andytica tools are available for this purpose. (Examples particularly relevant to

forestry are found in the CLAMS project and the Umpqua Land Exchange Project.)

Identified goals. Gods that ensure the integrity of sdmonid habitat should be identified
for the characteristics of aguatic systems and riparian and upd ope forests across the
landscape. An important part of thisis establishing quantitative links between fish habitat
requirements and landscape patterns/processes. The ODF Northwest Forest planisan
example of one approach to this, dthough the gods of this plan are more explicit to forest
gtand structure than they are to aguetic and riparian system characterigtics.

Monitoring. Monitoring is necessary to provide the information needed to evauate the
aggregated outcomes of management at the landscape level. Accomplishing monitoring
from the landscape perspective will require additiona monitoring, or perhaps can be
accomplished with better coordination of monitoring and analyss of data across agencies
to include the landscape perspective. There is a specific need for collaboration between
ODFW and ODF to explicitly examine and eva uate the links and relationships between
fish and ecosystem conditions (see Recommendation 16).

42



Coordination. Coordination among agencies and watershed councilsis needed to
facilitate the expanson of landscape level planning and management at scales that extend
beyond the forest. The purpose of this element is to improve the coordination of forest
lands with other lands.

We believe landscape analysi's can be used in designing forestry practices that result in an
emulation of the historic patterns of landscape disturbance on the current landscape.
Among strategies that may be effective and advantageous from severd perspectives are
the fallowing:

defining the number sream crossingsin agiven basin
defining the length of road system in agiven basin
defining the amount and digtribution of stand age-classesin a given basin.

Utilization of such Strategies may, among other things,

permit a shift from the current, rigid buffer-width strategy to a more flexible one
providing the historic array of condition at the landscape leve

provide the ability to achieve water temperature goas through control of the
proportion of the landscape in various forested conditions

provide gregter flexibility in scheduling the extent and frequency of management
related disturbance (i.e., concentrate clearcut timber harvest in a sub-basin and then
provide longer periods for the watershed to stabilize and recover).

Recommendations Consistent with the Existing Forest Policy Framework

Recommendation 3. Treat non-fish-bearing streams the same as smdl, medium, and
large fishbearing streams when determining buffer-width protection.

Current rules reduce buffer-width requirements if game fish are not present. It is
recommended that al large, medium, and small streams, regardless of fish presence,
receive ariparian management area (RMA) of 100, 70, and 50 feet, respectively.
Currently, thereis no lower size limit for what conditutes a smdl stream. Given the
increased level of protection, alower limit to define asmal stream should be devel oped.
The lower limit should dlow for a sufficient level of aguetic protection, paying particular
attention to the role small streams play in wood delivery and carbon inputs during storms.
On alandscape bagis, a portion of intermittent or ephemera streams will require the 50-
foot buffer in order to retain aguatic function.

Table1l. Summary table based on ODF Rules regarding current requirements for
minimum retention of streamside trees. Requirements are for numbers and basal area
(BA) of conifer trees (exceptions are alowed under certain circumstances to substitute
gppropriate hardwoods for conifers) in riparian management areas (RMA) for clearcutsin
Coast Range and South Coast geographic regions. Required minimum diameter a breast
height of trees retained in the RMA for both Type F and Type N streamsis 11 inches for
large streams and 8 inches for medium streams.
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Number of conifers Standard target Active management target
RMA BA/1000-ft BA/1000-ft
Stream width Trees/1000-ft stream stream
type/size (f) stream length Trees/acre length BA/acre length BA/acre
Type F (fish)
Large 100 40 17 230 100 170 74
Medium 70 30 19 120 75 R0 56
Smadl 50 0 0 40 35 20 17
Type N (non-fish)
Large 70 30 19 0 56 Ya Y
Medium 50 10 9 50 44 Ya Y
Smadl 0 0 0 0 0 Ya Y

Recommendation 4. Provide increased riparian protection for the 100-year floodplains
and idands.

Floodplains are low-gradient, unconstrained stream reaches where a strong connectivity
exists between the aguatic and terrestrid ecosystems. To maintain thisimportant
landscape function, the 100-year floodplain should receive increased protection over that
provided by current OFPA Rules or Measuresin the Oregon Plan. The god of this
protection is to create the same type of mature forest condition that is the god of current
RMA management.

The entire 100-year floodplain should be included (including on idands). Thiswould
include the RMA and the areas beyond it to the edge of the floodplain. This may result in
alarger zone of protection on one side of the stream. For example, if astream is currently
againg the east sde of afloodplain, the protection zone to the east may extend only asfar
as the upsope edge of the RMA, but on the west Sde, the protection may be 250 feet or
more, depending on the floodplain width. The only time the floodplain protection zone
should be equa on eech Sdeisif the sream isin the center of the floodplain.

Recommendation 5. Increase the conifer basal-area requirement and the number-of-trees
requirement for RMAS, with increasesin these requirements for medium and smdl
streams regardless of fish presence.

This recommendation is based on the expected volume and number of treesin the
riparian forest under current rules. In the Coast Range, current OFPA rules have active
management basa areatargetsin the RMA on “Type 2 or 3" harvest units of 56 ft%/acre
and 17 ft?/acre for medium and small streams, respectively. Standard targets are 75




ft?*/acre and 34.7 ft?/acre for fish-bearing medium and small streams; respectively. These
targets are too low and should be increased to at least the leve required for large Streams.
In addition, these rules should be applied to al streams regardless of fish presence. The
current required minimum trees-per-acre should aso be increased on medium and smal
streams to meet the levels required on large fish-bearing streams. Asin Recommendation
3, the lower limit defining small streams must be developed, with atention givento a
gamilar leve of protection for a portion of intermittent or ephemeral streams,

Recommendation 6. Complete the study of the effectiveness of the OFPA Rulesin
providing large wood for the short and long term.

One of the gods of riparian management is to generate a supply of large wood of diverse
character and Sze to meet saverd different functionsin the stream. Oregon Plan measure
ODF 11Sisto determine the effectiveness of the 1994 forest practices rulesin providing
for short-term and long-term sources of large wood. According to Measure 11, "If this
monitoring effort identifies that the Water Protection Rules are not achieving the
protection or LWD recruitment goalss, the department will recommend rule changes.”

The depleted status of large wood throughout Coast Range watersheds makes completion
of measure ODF 11S critically important.

There are severa important questions this ODF study will be able to address. For
example, what role will thinning of conifersin the riparian zone contribute to achieving a
mature riparian forest condition sooner? When, where, and how should active
management of hardwood-dominated riparian zones be done? Are basal areacredits (in
RMAS) for large wood placement in streams a useful and appropriate strategy for
achieving large wood gods?

Recommendation 7. Provide enhanced levels of certainty of protection for “core areas’.

Theterm "core ared’ was used by ODFW in identifying specific aress criticaly important
to the recovery of coho in the origind Oregon Plan. Thisterm may be replaced in the
future. It isour intention that, regardiess of the term used, this recommendation be
gpplied to areas specificaly designated by ODFW as criticd to achieving the misson of
the Oregon Plan and the intention of Executive Order 99-01.

The OFPA Rules should be changed to diminate language that equivocates on resource
protection in favor of forest operations. This equivocation inappropriately puts the risk of
operationsin core salmonid areas on the habitat. Examples of such language are found in
the Road L ocation rules, 629-625-200 (3) "where viable alternative exist", (5) "where
practical”, and "investigate options”, in Road Maintenance rules 629-625-600 (8)(b) "As
reasonably practicable”.

These equivocd satements and sSmilar types of Satementsin other rules should be
replaced with language that clearly gives priority to the protection of core aress.

Recommendation 8. Develop and implement standards or guidelines that reduce the
length of roadside drainage ditches that discharge into channels,
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Surveys of road systems find that 30 to 70 percent of road drainage points discharge
water and entrained sediment into channds. Although it isimpracticd to diminate such
drainage points, the amount of sediment discharged can be reduced by reducing the
length of the segments of roadside drainage ditches that feed into channel discharge
points. The shorter the distance of such channels, the less sediment that will be come
entrained in the flowing water. This recommendation should be implemented for al new
road construction and any road reconstruction covered by the OFPA Rules.

Recommendation 9. Implement the standards and guidelines for the length of roadside
drainage ditch between cross-drainage structures, especialy on steep gradient roads.

Surveys of road systems find that the distance between cross-drainage structures usualy
exceeds established guidelines. Decreasing the distance between such structures will
reduce the volume of water discharged to the dope and will reduce the amount of
sediment that becomes entrained in the discharge flow. The consequence of these
changes will be areduced likelihood of discharge-related dope or road faillure and a
reduced level of road-related sediment entering stream systems.

Recommendation 10. Require the flow capacity of cross-drainage structures and stream+
crossing structures and culverts to meet current design standards.

This recommendation addresses two issues. maintaining the flow capacity of cross-
drainage structures and culverts during maintenance, and emergency culvert replacement.

Maintaining flow capacity. ODF surveys show that alarge percentage of ditch-rdlief
culverts have reduced flow capacity because the ends of the culverts are damaged and/or
the culverts are obstructed with debris. These culverts may cause water to be diverted,
increasing the potentia for catastrophic road failure. An effective program of drainage
system maintenance will reduce the potentid for road falure from this source. As part of
this system of maintenance, equipment operators should be trained to prevent damage to
the ends of culverts.

Emergency culvert replacement. OFPA rulesrequire that culverts replaced during aroad
“recongtruction” meet current standards, i.e., the 50-year rule. Unfortunatdy, culverts

that are undersized by current standards may fail and need to be replaced on an

emergency basis during intense sorms. Operators may not have the leve of knowledge
needed to determine the correct culvert sze for this reconstruction. ODF needsto

develop a program to predetermine appropriate culvert sze for critica dtesto ensure that
thisinformation is reedily available to operators.

Recommendation 11. Provide for the stabilization of roads not constructed to current
gandards (including "old roads and railroad grades') in criticd locations. Stabilization
means reduction or dimination of the potentid for fallure. 1t includes a variety of
drategies ranging from remova to abandonment, entirely or of sections, by which
specific roads and railroad grades become a much less important source of sediment.

Anaysis of road failures shows that roads not built to current standards dominate road-
falure gatigticsin sengtive locations. IMST finds compelling evidence that road failures



present sedimentation risks that are incongstent with achieving the recovery of wild
salmonids. OFPA rules can require that roads being used for forestry purposes be
gabilized. We believe this rule should be vigoroudy enforced, with highest priority
attention given to roads in core areas identified by ODFW, but with attention to forest
roads at dl locations over time.

"Old roads and railroad grades’ on forestlands, sometimes called legacy roads, are not
covered by the OFPA rules unlessthey are reactivated for a current forestry operation or
purposes. IMST believesthe lack of a mechanism to address the risks presented by such
roads is a serious impediment to achieving the gods of the Oregon Plan. A process that
will result in the Sahilization of such roads is needed, with highest priority attention to
roads in core areas, but with attention to such roads and railroad grades &t all locations on
forestlands over time.

As part of the Oregon Plan, voluntary efforts by forest industry are underway in
northwestern Oregon to identify and stabilize or reduce the risk of faillure on "old roads'.
ODF should document and report on the progress of this effort, and should extend it to
other forest areas where wild sdmonid habitat exists. Highest priority should be given to
core areas identified by ODFW.

Recommendation 12. Require durable surfacing on wet-season haul roads and require
that hauling cease before surfaces become soft or "pump” sediment to the surface.

Road surfaces are a source of fine sediment when they are used for hauling during the

wet season. The surfacing characterigtics of the road and the intensity of use influence the
production of these sediments. Research has shown that a durable surface, such as rock of
aufficient hardness and depth, will markedly reduce the production of sediment. In some
cases the road surface or base may be soft, or traffic may cause a pumping action that
causes sediment to move to the surface, where it can be transported to streams. A
cessation of hauling will reduce sediment production from this source.

Recommendation 13. Retain trees on "high risk dopes’ and in likely debris torrent
tracks to increase the likelihood that large wood will be transported to streams when
landdides and debris torrents occur.

Landdides and debris torrents may be an important mechanism by which portions of the
aquatic system are revitaized. Landdides and debris torrents that emulate the historical
quaity and quantity of debris delivered to the stream system are believed to be most
effective. The key dements of landdides and debris torrents are their composition (wood,
rock, and sediment) and the size of materia (large wood, boulders, cobble, gravel). The
compogtion and Sze of rock and sediment is largely defined by the characterigtics of the
gte, but the presence of treesto serve as a source of large wood is largely determined by
management decisons.

IMST concludes thet retention of trees on high risk dopes and in likely debris torrent

tracks will provide an important source of large wood for stream systems that drain these
areas. Science does not provide guidance on the density of tree retention in such aress.

a7



The "Bendawood accumulation mode™ and the debris “run-out mode” provide
scientificaly sound guidance. We suggest an adaptive management approach, usng
monitoring of landdides and debris torrents to identify the tree retention dendity that will
be effective.

Recommendation 14. Continue to apply the current best management practices (BMP)
gpproach to the management of forest lands with sgnificant landdide potentia, and
develop a better case history basis for eva uating the effectiveness of BMP in these aress.
Recent research experience and ODF s documentation and analysis of landdides provide
aninitid bags for management of areas with sgnificant landdide potentid. A

continuation of these efforts and the periodic analysis of findings offer a scientificaly
sound gpproach to identifying management Strategies that will be consstent with the
mission of the Oregon Plan.

Recommendation 15. Modify culverts and other structures to permit the passage of
juvenile and adult sdmonids upstream and downstream at forest road- stream crossings.
Surveys of forest road-sream crossings show that a significant number of stes have
culverts or other structures that prevent the passage of adult and/or juvenile sdmonids.
This prevents the full use of potentidly productive sdmonid habitat. OFPA Rules (629
625-600 (8)(a) provide for fish passage for roads constructed after September 1994,
however asgnificant number of fish passage barriers exist on roads not covered by this
rule. Voluntary efforts to solve this problem are being conducted on other roadsin
northwestern Oregon by forest industries, as part of the Oregon Plan. ODF should
document progress on the voluntary efforts to solve this problem, and implement
voluntary or regulatory programs on other lands to achieve the goals of the Oregon Plan.
If there are Situations on forest lands where OFPA Rules or Oregon Plan measures do not
address fish passage problems, ODF should notify the Manager, Oregon Plan, so that
remediation may be implemented by the appropriate agency.

Recommendations for or with other Agencies

Recommendation 16. ODFW and ODF should develop a collaborative program of
monitoring to quantify the linkages between parameters of ecosystem condition and wild
sdmonid recovery.

Vadidation of the effectiveness of various dtrategies of both site specific and landscape
level management on the recovery of wild sdlmonids can only come through effective
monitoring. Both ODF and ODFW conduct monitoring that are or can be useful for this
purpose. In some cases, modification or expansion of programs may be needed. A
collaborative effort between the Departmentsin the design, conduct, and andyss of
monitoring programsisacritica step in quantifying the links between forest condition
and the wdfare of the fish. Higtoricdly these links have been very difficult to establish

but are needed for future policy and planning activities. ISMIT bdieveswell designed,
adequately funded, and carefully coordinated monitoring effortsinvolving both
Departments are essentia for this purpose.

Recommendation 17. ODFW should complete "core ared’ designation for dl wild
sdmonids in Oregon and identify high priority protection/restoration areas that are not
covered by current "core ared’ designations. ODFW should work with the Oregon Plan



Implementation Team in prioritizing habitat for enhanced levels of protection and/or
restoration.

The term "core ared’ was used by ODFW to identify specific areas criticaly important to
the recovery of coho in the originad Oregon Plan. This term may be replaced in the future.
It isour intention that, regardless of the term used, this recommendation be gpplied to
areas Yecificaly designated by ODFW as criticd to achieving the misson of the Oregon
Pan and the intention of Executive Order 99-01.

Core area designations are incomplete for winter steelhead and are completely lacking for
sea-run cutthroat trout and other salmonids covered by the Oregon Plan and Executive
order 99-01. Core areas for other gpecies may need revison in light of new information
obtained since completion of the first core area designations.

Recommendation 18. ODFW should include consderation of practices (forestry,
agriculture, urban, other land uses) above and below core areas, as these may affect the
conditions and processes critical to maintenance of core area function in forestry aress.

The concept of a core area needs to extend beyond the specific location of acore area. A
core area cannot continue to function in the recovery of wild ssimonids unless upstream
and downstream portions of the system are dso functioning effectively. For forested
portions of the landscape, this means explicitly consdering the effects of forest practices
under OFPA, as they may influence the core area. The same concept must be applied to
non-forested portions of the landscape for the same reason. For ingtance, the functiondity
of core areas in the forested portion of the landscape will be reduced if water quaity and
habitat conditions in downstream agricultura or urban areas are not conducive to
sdmonid recovery.

Recommendation 19. The Oregon Forest Research Laboratory (FRL), in collaboration
with ODFW, should develop forest road-stream crossing strategies thet facilitate the
passage of large wood at road-stream crossings.

Stream crossings, especidly in upper reaches of stream systems, can provide sgnificant
impedi ments to the downstream passage of large wood and other elements of habitat
gructure. Alternatives to bridges or culverts may be more effective, and in some
instances, perhaps less expensve. Forest managers currently have few options to consider
in the design of stream crossings. The development and testing of additiond aternatives
may provide a better mixture of solutions to stream crossing problems. Aninitid stepin
this could be ajointly sponsored (FRL and ODFW) workshop to establish key design
parameters and performance criteria.
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APPENDIX. SUMMARY OF THE STATE OF KNOWLEDGE

Thefollowing section provides a summary of the state of knowledge and an entree to the
literature dedling with key areas of this report: relationships between forests and aguatic
habitat, forest practices, and water quality.

ATTRIBUTES OF SALMONID HABITAT

Ecologica processes influencing the quality of habitat attributes and their relationship to
forest practices are discussed in various sections of thisreport. This discussion of the
attributes of salmonid habitat has been adapted from Bjornn and Reiser (1991) unless
noted otherwise.

Salmonid LifeHistories

Pecific sdmon need chains of favorable places connected at the appropriate season to
complete their life histories. To be consdered favorable, those places mugt include
attributes that match the environmenta requirements of the fish and the aquatic
community at the gppropriate time. The importance, quality, and location of critical
attributes of sdlmonid habitat may vary through the life stages of migration, spawning,
incubation, and rearing.

Migration. For anadromous species such as salmonids, the stream channdl must be free
of barriers from the estuary up to the spawning areas (adult upstream migration) or from
rearing areas down to the estuary (juvenile downstream migration). The most obvious
necessity of the migration corridor is gppropriate stream flow. Low flows can block or
delay movement of fish, as can excessive flows or conditions thet create high velocities.
Other physical barriers such as excessive debris can dso block migration. High turbidity
may delay or block migration entirely. Physiologica barriers can dso impede migration.
For example, excessve temperatures or low concentrations of dissolved oxygen can dso
effectivey block migration.

Spawning. Each salmonid species requires gravel of the appropriate size for spawning
(subgtrate), aswell as stream flow at a depth and velocity that are within the preferred
range. Temperatures a the time of spawning can be akey habitat atribute. In adapting to
its loca environment, each salmonid population has evolved a unique time and
temperature for spawning that maximizes the surviva of the offspring (Miller and
Brannon 1982; Bjornn and Reiser 1991).

I ncubation. Because the incubating eggs are immobile, they are particularly vulnerable
to changes in habitat. For example, the eggs need continuous flows of well-oxygenated
water to thrive. Although eggs may survive in water with oxygen concentrations thet are
below saturation, they may develop abnormaly. Heavy siltation during incubation can
smother the eggs. High leves of fine sediment canfill in the interdtitid spacesin the
gravel cutting off the supply of oxygenated water. Asindicated for spawning, naturd
temperature regimens are important regulators of sdmonid life histories. That is
epecidly true for the incubating egg, because the length of incubation is directly related
to water temperature.
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Rearing. Attributes associated with rearing habitat of samonids are complex. In
addition to flow, temperature, substrate, and dissolved oxygen, juveniles need to be able
to move between habitat types. Cover that alows them to avoid predatorsisacritical
habitat attribute from the time the juveniles emerge from the grave until their migration

to sea. Cover can take severa formsincluding deep pools, undercut banks, boulders,
large wood, and root wads. Productivity (food base for sdmonids) is an important
attribute of rearing habitat and is determined largely by nutrients and energy available to
the stream community.

RIPARIAN FORESTSASA KEY FACTOR INFLUENCING SALMONID
HABITAT

Role of Riparian Forestsin Regulating (Influencing) Stream Temperature

Where riparian vegetation intercepts solar radiation it serves arole in moderating the
quantity and quality of light reaching the stream (Beschta et d. 1987). In well-stocked
forests, depending on aspect and dope, the amount of solar radiation reaching a forested
stream channel is 1 to 3 percent of the tota incoming radiation for small streams and 10

to 25 percent for mid-size streams (Naiman 1992). Remova of trees near a stream causes
increases in water temperatures and daily temperature fluctuations (Hetrick et a. 1998;
Beschtaet d. 1987; Hall and Lantz 1969; Brown and Krygier, 1970; Brown, 1980; Hall
et a. 1987). Newton and Cole (1998) report interesting research suggesting that retention
of vegetation cover on the south Sde of streams was adequate to maintain temperature in
the situation they studied. However, depending on ambient climatic and down-stream
conditions, the increase may only be temporary (Hetrick et al. 1998; Cddwell et d.
1992). Thework of Brown (1970) provides a scientific bass for predicting stream
temperature based on an energy balance mode!.

On alandscape basis, the relationship between stream temperature and riparian
vegetation is complex and highly variable. By understanding the processes influencing

the amount of radiation intercepted by the riparian forest canopy adong with the
interaction with disturbance, stand development and geomorphology we can begin to
answer the questions concerning the role of forest vegetation in influencing stream
temperature. The amount of solar radiation intercepted by aforest canopy isafunction of
the cumulative leaf areaand an extinction coefficient thet is determined by the foliar
arrangement and reflective properties (Beer-Lambert law as cited in Waring and
Schlesinger 1985). Leaf areafor deciduous species is often one third of the values for
conifer stands (Waring and Schlesinger 1985). Therefore any natura and human caused
factor that reduces riparian leaf area and/or changes species composition can increase the
amount of radiation reaching the stream surface and therefore increase stream
temperatures. For example, in stands with few remaining evergreens and ahigh
percentage of deciduous trees, more radiation will reach the stream surface when the
deciduous trees lose their leaves.

Along with obvious lossesin leaf area after timber harvest, there are aso changesin
forest successiond processes. These dter the quantity and arrangement of leaf areain
riparian forests. As dder forests decline with age, shrub-dominated communities with



lower |eaf area develop. Aslong-lived conifer stands mature, lesf areargpidly increases
to about age 40, levels off, and then declines at a rate dependent on sdlf-thinning and
disturbance-rdated mortdity (Gholz 1982). Therefore, as gapsin the forest form and
stand densities are reduced, more radiation can be expected to reach the stream surface.
Although dense conifer forests are often seen as agod in managing forests to regulate
stream temperature, historicaly, natura disturbance and successional processes resulted
in aforest with avariety of tree and shrub species, ages, and dengties (Pabst and Spies
1998; Poage 1995; Avina 1999).

The impact of riparian vegetation on stream temperature depends on riparian landscape
patterns, forest conditions, and stream channel characterigtics as they influence
interception of solar radiation. For example as stream width increases, the forest may no
longer be capable of shading the entire stream or river corridor. Thus the potentia role
riparian vegetation plays in regulating temperatures declines. Aspect and dope may aso
influence the amount of radiation reaching the water surface. Radiation may increase or
decrease depending on the geographic orientation of the stream and the angle of light
reeching the basin.

Although forests play akey rolein regulating stream temperature, the integration of
stream temperature within a basin depends on vegetative and morphological factors that
vary widely across the landscape and with time. To list and quantify dl the factors
involved in maintaining stream temperatures within the range of quaity sdmonid habitet
would be an exceedingly complex undertaking. Because the required landscape
variability and complexity are difficult to creste through management, managers have
defaulted to the use of riparian buffers to minimize impacts of forest management
practices on stream temperature. One of the goals of the riparian buffer isto create
conditions thet will minimize the risk of increasing stream temperatures when the
adjacent stand is harvested. Thereis genera agreement that buffers of 100 to 150 feet are
aufficient to protect water qudity in most Stuations (Spence et d. 1996). Thus there are
few gtudies that examine what percentage of the landscape must contain these intact
riparian buffers and where they should be located to be most beneficid for maintaining
qudity samonid habitat.

Asan dternative to riparian buffers, maintaining a diverse set of forest conditions — by
generaing forest harvest patternsthat "mimic" historic disturbance patterns (i.e., Sze,
frequency, digtribution) — within the landscape will alow naturd processesto act in
accordance with forest management to balance water temperature. When consdering the
impact of stland dengity, successiona processes, species compaosition, and geomorphology
on water temperature, the mgor emphasis shifts from buffer width requirements to the
percentage of the landscape in various forested conditions required to maintain weater
quality. This meansthat instead of dl buffers, there will be stands of different ages and
harvest patterns dong the stream.

Role of Forestsin Influencing Nutrient Inputs and Flux
By understanding the fundamenta processes involved in the deposition and processing of

organic matter, we can examine how factors that vary across the landscape, such as forest
stand age, stand density, tree species, Stream Size, percent dope, aspect, and stream
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morphology, influence the location and amount of habitat for sdmonids. The deposition
and processing of organic materids are mgor limiting factorsin stream productivity. For
sdmonids, a productive stream has good physica habitat for spawning and the organic
resources needed to produce the food required for fry to survive and grow. The stream
obtains organic resources from two primary sources. 1) organic matter produced within
the stream from photosynthetic dgae and other aguatic plants, and 2) organic matter
deposited by the terrestria system, such as leaves, bark, and wood. In forested
ecosystems, terrestrid sources provide streams with most of their organic matter. Inan
eagtern U.S. forest, 98 percent of the organic materid in the stream came from terrestria
sources (Fisher and Likens 1973).

Deposition of organic materials The Sze and morphology of the stream, as dictated by
topography, greetly influence the deposition and processing of organic materias. Slope
a0 influences the species compaosition of the forest, forest biomass production, and in
some cases stream temperature. As aforest ages, litterfal increases with increasing
biomass. Litter is deposited into small steep-gradient streams in densaly forested areas
high in awatershed. Steeper dopes with fast-moving streams are lesslikdly to retain
deposited organic materia until it is decomposed. Thusthese small (lower-order) streams
are important to the productivity of larger (higher order) streamsin lower reaches of the
watershed because they are amajor source of organic material. Leaves, bark, and wood
deposited in these small streams can be rapidly transported downstream if there are no
barriers, such as culverts, large wood, and boulders.

Forest age, compasition, and season affect the qudity, aswell asthe quantity, of lesf
materid deposited in streams. For example, ader leaves are noted for their rdlatively high
nitrogen are readily decomposed. But before aleaf or needleis abscised (released and
fals), the tree recaptures many of the nutrients; thus leaves deposited in the fal are not as
nutrient rich as those deposited from a mid-summer windgtorm. With their high lignin
content, conifer needles are more difficult to bresk down and therefore release their
organic materid more dowly compared with deciduous foliage.

Decomposition of organic materials. After itisdepodted in sreams, organic materid
must be processed before it is available as afood source for sailmonids. Forest stand age,
density, and species composition, along with stream characteristics, such as size, percent

dope, aspect, and morphology, al influence the decomposition of organic materid.

In smal (lower-order) streams on densely forested dopes, large wood can trap organic
materia, where it may be broken down before it is transported downstream with high
flows. However, because many of the biological processes required to decompose
organic materia are temperature dependent, the process may be dower in cool streams
within densdly forested riparian zones (Beschta et d. 1987; Hawkins et al. 1982).

Decomposition of organic materid occursin severd ways. Some organic compounds are
leached from materid in the stream. Shredding insects that feed primarily on leaves dso
process organic materias. Microorganisms colonize materia that becomes trapped in the
stream, bresking it down into condtituents available for microbes and insects. Fine
particles are carried downstream and deposited within the channd, becoming available to
benthic (bottom) feeding organisms and rooted agquatic plants.



The morphology of the stream largely determines the decomposer pecies present.
Functiona groups of these anima's correspond to orders of streams. These digtinctive
relationships are based on the relative avallability of different substrates and are used for
cassficatiion (Cummins 1973, 1974). Shredding insects rely on leaf materid and are thus
found primarily in smdl, lower-order (1<t through 3rd) streams. Grazing insects rely on
instream (primary production) agee attached to rocks and are therefore found primarily
in larger, higher-order (5th and 6th) streams. Fine-particulate collectors, which feed
primarily on feca materid, are distributed across awider range (1<t through 6th) of
stream orders. Theratio of shredders to grazers was found to be more than 100:1 in
canopy-covered firg-order sreams with low incident light levels and was 1:14 in wide,
eighth-order streams with high levels of sunlight (Triska et d. 1982).

Forest practices. Where forest practices change tree density and species composition,
they will affect the input and processing of organic materia. The degree of impact
depends on prior stand conditions and the compaosition of adjacent stands. For example,
frequent intense harvest in the presence of an ader seed source will result in ashift
toward alder-dominated riparian areas. Low intengity thinning in riparian conifer stands
will increase sand ability and the productivity of the remaining trees, while not opening
up the stand enough for dder regeneration. Across the landscape, shiftsin stand age and
species composition will benefit the higher-order streams by providing avariety of
materias a varying rates, thereby adding to habitat heterogeneity. The processes
controlling the input and processing of organic materia are better served by a
heterogeneous landscape with varying amounts of forest cover, pecies composition, and
age classes than by the creation of a Single forest type across the landscape.

LARGE WOOD ASSTRUCTURAL AND FUNCTIONAL
ELEMENTSOF AQUATIC HABITAT

The most productive habitats for salmonid fish are small streams associated with mature
and old-growth coniferous forests where large organic debris and fallen trees greatly
influence the physical and biological characteristics of such streams. Sedell et al. 1988.

Functions of LargeWood in Streams

Large wood is often the primary structurd dement in the stream channel responsible for
forming poolsin smaler streams and side channels and backwaters in larger streams
(Bilby and Bisson 1998). Both are critical habitats for coho salmon in Oregon’s coastal
streams (Nickelson et a. 1992). Over 80 percent of the poolsin smal sreamsin
southwestern Washington, in the 1daho panhandle, and in northern Cdiforniawere
associated with the presence of large wood (Bilby and Bisson 1998).

The function of large wood varies with the Size of the Sream. In smdler streams, large
wood can generdly span the channd. There it becomes an important structural element
that increases the frequency and volume of pools, traps organic materid and dowly
releases nutrients to the stream, provides substrate and food for aguetic invertebrates, and
traps fine sediments. The smaller stream channdls are aso the conduits that deliver much
of the large wood to the channels lower in the watershed. Large wood increases channdl
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complexity, obstructs and diversifies currents, and creates essentid features of salmonid
habitat, such as plunge (created by water flowing over logs), laterd (along the bank), and
backwater pools (Spence et a. 1996).

Larger streams contain less wood, but the average size (diameter, length, or volume) of

the wood is greater because these streams can trangport larger materias. The nature of the
pools formed by large wood changes from plunge poolsin the smaler heedweter streams
to scour poolsin mid-sized streams (Bilby and Ward 1989). In larger channdls, large
wood tends to accumulate aong the margins and on gravel bars or other obstructions.
This creates variable depths and complex flow patterns, lateral migration of the channel,
and backwaters aong the stream margins (Spence et a. 1996).

In the larger low-gradient streams, large accumulations of wood can span the channel and
create large pools, secondary channels, and backwaters (Bilby and Bisson 1998).
Alcoves, sde channels, and beaver ponds are important over-wintering habitat for cono
sdmon in Oregon’s coadtd streams, and it isthe availability of thiskind of habitat that
congrains coho surviva in coastd rivers (Nickelson et d. 1992). Large wood also
prevents salmon carcasses from washing out to sea after soawning, which alows
nutrients from the carcasses to be released to the watershed (Cederholm et d. 1989).
Nutrients derived from salmon carcasses can be an important source of nitrogen and
carbon for juvenile sdmon and can influence their growth (Bilby et d. 1996).

Loca temperature regimes may exert more influence on the evolution of life history
patterns than do other environmenta attributes of stream habitat (Miller and Brannon
1982). Structurd roughness imparted by large wood, especialy the creation of pools, can
retard mixing of warm water and cool water from either tributaries or ground water and
create local pockets of cool water refugia (Sedell and Swanson 1984). Studiesin the

Y akima River, Washington, have shown that adult chinook salmon can locate and will
make use of these amall thermal refugia (Berman and Quinn 1991).

Sour ces of Large Wood

The sources of large wood and the mechanisms for their ddivery to the stream channdl
vary with the size of the stream, its gradient, and the surrounding landscape. First- and
second-order headwater streams provide much of the large wood that can form habitat in
larger channds (Prichard et a. 1998). Over time, fire, blowdown, naturd mortdity, and
bank undercutting deliver wood to fird- and second-order streams, where it easily spans
the smaler channds. There it traps sediment, sometimes for very long periods of time,
even centuries or more. The buildup of wood and sediment continues until it is ddivered
downstream, dong with green wood, through a mass movement of the materid. Thistype
of movement is caled adebris torrent. The sediment and wood are eventudly
incorporated into the channd Structure of the larger stream where they become part of
norma stream function (Prichard et al. 1998).

Treesthat fal into sreams usudly come from within 30 m of the channel edge; 70 to 90
percent of the large wood in streamsiis derived from this distance. The riparian vegetation
of an old-growth forest consists of taler trees, so the source of large wood is from greater
distances than for younger forests with shorter trees, snce moretall trees reach the
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stream when they fal (McDade et a. 1990; Van Sickle and Gregory 1990; Fetherston et
a. 1995). In uncongtrained stream reaches, large wood from anywhere in the flood plain
can eventudly reach the channel after floods or laterd migration of the stream channel
(Bilby and Bisson 1998).

Both episodic and chronic events ddliver large wood to the stream channel. Chronic
events include naturd tree mortality and natural undercutting of the stream banks.
However, these events add relatively small amounts of large wood to the stream. Fires,
floods, windthrow, landdides, and debris torrents occur infrequently, but they are the
source of large quantities of wood (Bilby and Bisson 1998; Benda et a. 1998).

I mpact of Forest Practiceson Large Wood

Recent surveys confirm that many of Oregon’s coadtd streams in managed forests are
deficient in wood (State of Oregon 1998). The amount of wood in streams associated
with managed forests has been evauated by comparing it with two standards. 1) The
average amount of wood in reference streams (Streams with little or no forestry impacts);
and 2) the target amount of wood identified in the Oregon habitat benchmarks (Oregon
Plan 1997). Mot of the reference streams were in the Cascade Range, with afew located
in the Coast Range (State of Oregon 1998). In addition, the surveys reported the presence
of wood in two ways. 1) pieces of wood greater than 0.15 m in diameter and 3.0 min
length; and 2) key pieces of wood greater than 0.6 m in diameter and 10.0 min length. To
account for regiond differencesin sdmonid habitat in coastd rivers, the Oregon Coast
was divided into five regions. north coast, mid- coast, mid-south coast, Umpqua, and
south coast. The north coast and mid-coast stream reaches had dightly more pieces of
wood than did the reference reaches. The mid-south coast, south coast, and Umpqua had
lower levels of wood (number of pieces) than did the reference reaches. Over 75 percent
of the sream length surveyed in the mid-south coast, south coast, Umpqua had fewer

than 15 pieces of wood per 100 m of channel. The Oregon benchmark is>20 pieces of
wood per 100 m stream length. It should be kept in mind that the benchmark is probably
lower than the hitorical, undisturbed state, especidly in the lower elevation Stream
reaches.

The number of pieces of wood includes smdler szesthat may not have astrong

influence on channel process and habitat formation. The status of key (larger) pieces of
wood is a better measure of wood that can form habitat in the coastal stream channels.
Half of the stream lengths surveyed in dl the coasta subregions had less than one key
piece of wood per 100 m of channel (State of Oregon 1998). The benchmark is three key
pieces of wood per 100 m of channdl. Current levels of large wood in coastd rivers are
less than the benchmark and far below historicd levels

The amount of large wood currently in stream channels of Oregon’'s coastd rivers has
been depleted and in the near future, new recruitment is not likely to correct that
condition. Over 30 percent of the stream lengths surveyed have no large conifersin the
riparian zone. Large conifers are defined as trees >50 cm dbh (diameter a breast height)
within 30 m of the stream (State of Oregon 1998). Seventy-five percent have fewer than
60 large conifers per 333 m of stream channd. Thisisfar lessthan in the reference
riparian areas, which had 240 large conifers per 333 m of stream channel.
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Timber harvest has reduced the amount of wood in streams, consequently degrading the
qudity of habitat. For example, in an extengve survey of streams draining unharvested
old-growth forests and streams within intensively and moderately logged forestsin
western Washington State, intensve harvest was associated with increased riffle area,
reduced pool area, and reduced pool depth. The total amount of wood in the streams did
not change with timber harvest, but the sze of wood was reduced (Raph et d. 1994).
Since the sze of wood in the channdl is directly related to pool size (Bilby and Bisson
1998), this represented a direct loss of critica saimon habitat. Similar results—reduced
amounts of large wood— were obtained in surveys of Oregon Coastd streams.

The loss of habitat caused by the decrease in large wood can cause a significant reduction
in samonid standing stocks (numbers of adults returning to spawn each year). Standing
stocks in three sections of stream that had been previoudly cleared of dl large wood were
compared to four sections of stream that had been undisturbed for 40 years. Pool volume,
sinuosity, width, and depth had dl decreased in the stream sections from which the wood
had been removed. These changesin habitat caused afivefold reduction in sddmonid
standing stocks (Fausch and Northcote 1992).

Higtoricdly, the quantity and quality of large wood in stream channels reflected the age
and species composition of the riparian forests and the occurrence of disturbance. Mgor
disturbance events such as wildfire, catastrophic windthrow, and floods were natural
features of watersheds that added massive amounts of large wood to the stream channels
or redigtributed it downstream within the watershed (Bilby and Bisson 1998). At any
given time 15 to 25 percent of the central Oregon Coast Range may have been in early
successiond stages following disturbance (Reeves et d. 1995).

Even during those periods when the riparian forests were recovering, however, the
amount of large wood in the stream would have remained high. Thet is not true of forests
subjected to human-caused disturbance, such as logging, which reduces the qudity and
quantity of large wood delivered to the stream (Bilby and Bisson 1998). Reeveset d.
(1995) identified four differencesin naturd and human-caused disturbance that affect the
quaity and quantity of large wood ddivered to the stream channdls:

1. Digurbance such aswildfire leaves alegacy of large wood that can eventualy enter
the stream, whereas timber harvest removes that source of wood.

2. Theinterva between mgor naturd disturbances is usudly longer than the harvest
cyde—300 years for wildfire and 40 to 80 years for timber harvest.

3. Theareadisturbed differs. Historically, 15 to 25 percent of the central Oregon Coast
Range a any given time may have been in an early successond stage because of
wildfires, whereas timber harvest generdly affects alarger totd area.

4. Digturbance from timber harvest iswidely dispersed over the landscape, whereas
naturd disturbance events may cover alarger areain asingle event.

Hickset d. (1991) reviewed studies that evauated the effects of habitat change on
sdmonids and concluded that timber harvest has smplified sdmonid habitats and the
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process of amplification was continuing. Although the loss of stream structure due to
reduced levels of large wood has only recently been viewed as a problem, it has
contributed to mgjor habitat degradation (Hicks et a. 1991). Some changesin habitat,
however, such as increased temperatures and increased fine sediment are more transient
and less detrimenta than origindly believed. Based on their review, Hicks et d. (1991)
formulated the following principles that should guide logging operations to protect
aquatic habitat:

Protection of streamside zones by |eaving streamside vegetation intact will help
maintain the integrity of channels and preserve important terrestrial-aquatic
interactions.

Productivity of streams for salmonid populations tends to be enhanced under
conditions of moderate temperatures, low to moderate sediment levels, high light
levels, adequate nutrients, an abundance of cover, and a diversity of habitat and
substrate types.

Productive floodplain and side-channel habitats should be protected.

Streams should be protected against frequent and extreme episodes of bed-load
movement or sediment deposition through careful streamside management and
through proper planning and engineering of roads and timber harvest systems.
Management of streamside zones should include provisions for long-term recruitment
of large woody debris into stream channels and for protection of existing stable large
woody debris.

The geology, geomor phology, and climate of a water shed mediate the response of fish
populations to timber harvest. Ste-specific management recommendations must
consider regional landforms and climatic variation. (Hicks et al. 1991, p. 518.

It should be noted that the last principle is congstent with alandscape approach to the
regulations of timber harvest.

Most studies of the effects logging on sdmonids have looked at specific Stream reaches
and target species. However, when aguatic habitat loses diversity and complexity asa
result of timber harvest, thereis a corresponding loss of diversity in fish assemblages a
the basin scde. For instance, instead of having coho, chinook, and chum sdmonina
watershed, as aresult of homogenization of the habitat, it now supports only coho. This
represents an important lossin biodiversity. In astudy of 14 smdl to intermediate coastd
basinsin Oregon, Reeves et d. (1993) found lower diversity in fish assemblagesin
greamswith high harvest leveds than in sreams with low harvest levels. Fish assemblage
diversty in awatershed was most highly associated with the percent of the basin
harvested. Reeves et a. (1993) atributed thisin part to the more diverse habitats in the
basin with low timber harvest levels. Streams in those basins had more pieces of wood
and more pools than did streams from basins with high harvest levels. Reeves et dl.
(1993) concluded that basin-level evauations are needed to fully assess the effects of
timber harvest in awatershed. This conclusion is consistent with our recommendation
that habitat management and protection should be approached from the landscape

perspective.
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SEDIMENTATION

Sedimentation is a naturd process, occurring in both “unmanaged” and actively managed
basins. Swanson et a. (1987) provide excdlent overviews of sediment producing
processes in forests of the Pacific Northwest. Their review emphasizes the high degree
of variability that existsin sediment relationships, across landscapes and over time, and
astheseinteract with naturd and human mediated events. Everest et d. (1987) providesa
useful perspective about sedimentation. Their centrd themeisthat sediment is anaturd
part of stream systems, and that there is an equilibrium between sediment input and
sediment routing that needs to be maintained to have hedthy stream systems. This means
maintaining a ba ance between the amount of fine sediment, coarser bedload sediment
and larger dements of in-stream structure (boulders, large wood). Both the production
and routing of suspended sediment and bedload sediment are important.

Reid (1981) reported sediment yields ranging from 13 to 133 tons per square kilometer of
basin area per year in systems not under active management (Table 2). Landdides and
bank erosion are the dominant sources of sediment in these “unmanaged” systems.

Table 2. Source of sediment in undisturbed 6™ order basin

Sediment production
Source of sediment ('l kirelyr)
Bank erosion 29.0
Landdides 28.0
Debrisflows 9.7
Tree throw 89
Animd burrows 4.0

Source: Reid, 1981.

The effect of active forest management on sedimentation is a centrd issue. Benda et d.
(1998) summearize the interaction between land management, sedimentation and fish
habitat. Numerous efforts have been made to study sedimentation in connection with
forest management. As an example, Beschta (1978) reporting on the Alsea watershed
gudiesin the Oregon Coast Range found increases in suspended sediment discharge from
two smd| watersheds occurring over an 8-year post disturbance period. Theincreasein
discharge was episodic, and the author associates periods of elevated discharge with
disturbance. In a25-percent patchcut watershed, sediment production was elevated for
three years, with the elevations dominated by two road failure related events. In the other
five years, the levd of sediment discharge resembled the pre-treatment pattern. In the
second watershed, 82 percent of the areas was clearcut, and dash burned with no stream
protection. The highest sediment discharge occurred after burning, with annua

reductions in discharge occurring over the next Sx years until pretreatment levels were
attained. Beschta attributes the pattern of the response in this watershed to the degree of
vegetative cover, but is not able to determine the influence of soil disturbance closeto the
stream on the effects measured.

It has been much more difficult to quantify the effects of management on in-stream
sediment condition over landscapes larger than those included in the Alsea study. Inan
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anadysis of stream gravel compaosition, Duncan and Ward (1985) surveyed 12 watersheds
in SW Washington. They found no gatisticaly sgnificant relaionship between the
amount of fine sediment in stream gravel and any variable except bedrock geology.
Streams draining watersheds dominated by sedimentary rock had a higher level (11.6%)
of fine sediment (< 2 mm) than watersheds dominated by volcanic rock (10%). However,
they note that when only two variables are consdered (and sediment finer than 0.63 nm
is addressed), the frequency of road drainage pointsinto streamsis a statisticaly
sgnificant factor. Everest et d. (1987) note that studies of the impacts of forest
management on fish have generdly falled to isolate the effects of fine sediments from the
effects caused by other habitat changes, making it impossible to segregate the effects.

Reid (1981) cdculated the sediment production from road-related and natura processin
two hypothetical sub-basins of the Clearwater basin in northwestern Washington (Table
3). They found that roads accounted for about 75 percent of total sediments, and 82
percent of the sediment that was less than 0.2 mmin size.

Table 3. Calculated road-related and natural process sediment production (assumes no
other management actions) in two hypothetical sub-basins of the Clearwater basin.

Sediment Production, tons/knt/year
Source of Sediment NW Basn SW Basin
Tota <2mm Tota <2mm
Road-related, al sources 190 99 308 130
Natura processes, dll 79 28 79 21
sources
Total, both sources 269 127 387 151

Source: Reid, 1981.

Magor stormsincrease the rate and intensity of landdides and road failures. Initiating
landdides may turn into debris flows (movement of materid beyond initiation area, on

the dope but outside of a channel) or debris torrents (movement of material down a
channdl), depending on Site characterigtics and conditions at the time. Debris flows and
debris torrents commonly trangport much more sediment than the initiating event, due to
the scouring action of the movement of the debris on the dope or in the channd. Debris
flows stop moving when the dope gradient of the channd decreases. Debris torrents also
tend to stop and become debris jams when channdls merge, especidly where the debris
torrent isin achannd that enters another channd at asteep angle. Predictive models
(Bendaand Cundy, 1990) are useful in analys's and management of such events.

Severd invedigations of sorm-related landdides have been conducted. Following a
mgor storm event in 1975, Gresswell et d. (1979) andyzed mass soil movements
associated with roads and clearcuts on the Mapleton Didtrict of the Siudaw Nationa
Forest in the centrd Oregon Coast Range. Their findings indicate dides in harvest units
accounted for over three-quarters of the failures and about two-thirds of the landdide
volume; however, the average volume associated with road failureswas twice aslarge as
in-unit failures. The study results provide guidance on characterigtics associated with the
fallures. Swanson et d. (1977) working in the same generd area reported the frequency
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of landdides was 1.9 to 4.0 times greater in clearcuts than it wasin Smilar areas of
unharvested forest. In astudy of smal unroaded areas, Ketcheson and Froehlich (1978)
found afrequency of land diding that was 3.7 times greater in clearcuts than in
undisturbed foredt.

ODF conducted an extensive evauation of storm-related landdides following the 1995-
1996 season. ODF concluded that the incidence of road-related failures was smdler and
dide volumes were smdler than in past sudies, suggesting that the changes in road
practices snce 1972 is reducing road-related dope fallures.

Swanson et d. (1987) summarized data on land diding and sedimentation from the
various watershed level studies of the region, but note serious limitations with them:

The forest management and harvest strategies used in the study are not necessarily
relevant today.

The results only reflect the complex of weether asit occurred at the time of the study.

The problem is that the interrelationships between treatments, Site characterigtics, and
wesether are unique, making each study a case history. Thereislimited ability to compare
the results among such mgor efforts. Thisis not suggesting we can't learn from them ?
but the uniqueness of what is learned from each study must be appreciated.

In summary, roads, landdides, and bank erosion are believed to be the dominant sources
of sediment in managed systems, and there is a strong interaction with sorms. Given
riparian protection, landdides and roads become the dominant source likely to be
influenced by management action.

Roads as a Sour ce of Sediment

According to Luce and Black (1999) road- related erosion is the result of the interaction
between how much sediment is available for trangport and the power of water to moveit.
They provide an andlytica framework for dealing with both factors, providing a
reasonable scientific basis for both evauating the potentia for movement of road-related
sediments to the stream, and prioritizing the protective measures that might be taken to
addressthem. Surface-related erosion from roads appears to be concentrated in the first
few years after congruction, landdide-related erosion and sediment production could
occur many years later, and is highly episodic.

Based on their findings, Luce and Black (1999) conclude that substantia amounts of
sediment can come from relatively standard roads with little use, and thet it is possible to
subgtantialy reduce road erosion by targeting those sections with the greatest sediment
production. Their paper addresses the sources of variability, which may be able to be
incorporated into management guiddines or sandards. This study is significant because
of itslocation in the Oregon Coast Range, and the fact it began in November 1995 and
ran through the February 1996 storm.
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Reid and Dunne (1984) conducted an important study in the Clearwater drainage of the
Olympic Mountainsin western Washington. Their study of 10 road segments provides
helpful relationships between road surfacing materids, intengity of use, and rainfal and
its related hydrograph. Their results quantify what logic suggests, i.e,

Sediment concentration increases with culvert discharge for active roads, but showed
no increase for an abandoned road.

Sediment concentration is higher during periods of heavy road use compared to
periods of light use,

Sediment yield increased with the amount of rainfal in astorm, and was higher for
roads with a higher intensty of use,

Using the relationships developed in their study, they calculated the average annud
sediment yield from various types of roads in the study basin. They dso esimated the
proportion of road milesin various leve- of- use categories for a 40 percent clearcut basin
being managed on a 60-80 year cutting cycle (Table 4).

Table4. Sediment yield per kilometer of road, and proportion of the length of unpaved
roadsin agiven leve of use category, Clearwater Basn, Olympic Mountains,
Washington.

Average sediment yidd Basin roadsin aroad type
Road type (tonskmiyn) (% of k)
Rock, heavy use 500 6
(>4 loaded trucks/day)
Rock, temporary non-use 66 Not applicable
(Heavy-use road not used
for 2 days)
Rock, moderate use 42 5
(1-4 loaded trucks/day)
Rock, light use 3.8 39
(no loaded trucks, but some
light vehidles)
Paved 2.0 Not applicable
Abandoned 0.5 50

Source: Reid and Dunne, 1984.

The datain this table are the sediment yidd a the culvert. How much of this enters the
stream system varies with the proportion of road runoff that is diverted to streams.
Edtimates for thisare highly variable, ranging from 75 percent (Reid and Dunne, 1984),
to about 33-34 percent (Bilby et d. 1989) and (Wemple et a. 1996).

Based on the data for paved roads, Reid and Dunne (1984) suggest 1.8 tons of sediment
per km of road per year comes from cut dopes and ditches, consderably less than might
have been anticipated. They note that the armoring of the surfaces that occurs with time
snce disturbance is a key factor in this process.




The key point from Table 4 isto show the difference in sediment production from roads
that arein various levels of use, and paved or unpaved. We do not suggest these are the
vaues to be extended to many other areas, but only show that there is abasis on which
estimates can be congtructed and decisions made which will influence the sediment
production from road systems and road surfaces.

Bilby et d. (1989) followed the generation and fate of sediments from gravel road
surfaces in southwestern Washington. Their study shows smallest sizes of sediment
(<0.004 mm) comprised about 80 percent of the sediment yield from both the two
mainline road sites and the two spur road Sites. A s=titling pond that received runoff from
the mainline road was effective in reducing sediment load in the ditch flow during

periods when the concentration of sediment was high, and the rate of water discharge was
moderate to low. While trapping perhaps only 20 percent of the sediment, the settling
pond accumulated more than 1 ton of sediment over the course of the study period.
Perhaps significantly in terms of potentia impact on aguatic habitat, the settling pond
trapped about 97 percent of the sand-gzed sediment. Thislarger Szed sediment is more
likely to be deposited in streams as stream velocity decreases. The settling pond had no
influence on the smallest Szed sediment (<0.004 mm) or turbidity. They note this Szed
materid is much less likely than sand-szed sediment to be deposited in spawning
substrates in the stream system.  Settling ponds may provide some short-term relief, but
eventudly they will fill, and either no longer be able to serve as a sediment trap, or may
require maintenance and disposa of the sediment to alocation whereit will not erode to
streams

The Bilby et d. (1989) study stes differed in the nature of the road base and the rock
used asasurface for it. Their article suggests that the depth of the ballast (and the nature
of the surfacing materids) was different at the two Stes, but they provide no quantitative
data on this point. The mainline road was on rdatively flat terrain (no cut dopes), while
the spur road was much steeper and had cut dopes.

They provide regresson equations to illugtrate the relationship between intensity of road
use (axles per day) and sediment production over the course of astorm. Although this
factor one accounts for (explains) 60 to 70 percent of the variation in sediment
production on the spur road, it accounts for very little (<3%) of the sediment production
on the mainlineroad. When the same data sat is analyzed on an hour-by-hour basis,
however, intendty of use appears to be the dominant factor on the mainline road as well.
The regresson equation and relationships for only one Site are provided in the paper
(presumably the equations and relationships for the other sites can be obtained from the
authors). For the steillustrated, the combination of axles per hour and accumulated
number of axles explain nearly 60 percent of the response (concentration of sediment in
runoff from the road system).

Bilby (1985) studied the input of sediment from amainline haul road in southwestern
Washington for one year. He found that at a point 50 meters below the point of road
runoff, 21 percent of the total sediment load of the stream at that point was road- rel ated.
By weight, 80 percent of the sediment introduced from the road was <0.004 mm in size,
and 79 percent was entering the study reach from upstream. In contrast, he reports, that
more than 80 percent of the “fine sediments’ in the stream bed gravel were from 0.25 to
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20mminsze. Andyssof sediment cores from above and below the study sites showed
no difference in the proportion of fine sediments (<2 mm) by weight. Bilby concludes
that in this case study that the road surface sediment did not make an appreciable
contribution to sediment stored in the channd, dthough thisis areflection of the

particular Ste under study (1% dope, vegetated ditches, deep road prism), and cannot be
widdy extrgpolated. The trangport of sediment is clearly influenced by the energy of the
water flow, asillusirated by the increasing degree with which sand-sized sediment (0.63-
2.0 mm) was transported with increasing steepness of the road gradient. Road gradient
accounted for 97 percent of the variation in the data they collected at these five Sites (2
mainline, relatively flat road gradients of 2% and 2.5%; and 3 secondary roads with
gradients between 3.1% and 14.4%).

Burroughs and King (1989) summarized extensive research on sediment production and
control on forest roadsin Idaho. They aso summarize relevant research findings from
other parts of the United States. While the weather patterns and soil properties are
remarkably different in many cases from those of the Oregon coast range, the quditative
agpects of the rdationships they report are useful. Examples of their findingsinclude the
fallowing:

Heavy vehide traffic on unsurfaced, rutted roads doubles sediment production.

6 inches of crushed rock reduces sediment production by 70 percent, and when
combined with grass at the margins of the travel-way, 84 percent (2 inches of rock did
not reduce sediment production).

Bituminous coverings (asphalt) and road oils reduced sediment production by 97 and
85 percent respectively.

Sediment production from unconsolidated fill dopesis high, but decreases
exponentidly with time.

Severd drategies have been evauated to quantify their effectivenessin reducing
sediment production from both cut and fill dopes. Interestingly logging debris placed
pardld to the contour decreased sediment production by 75 percent, suggesting this may
be a ussful srategy around landings and perhaps skid roads. Seeding done does little
until vegetation is established, and prior to establishment seed is subject to loss from the
dtewith soil from eroson. Although a study in the Oregon Cascades on a 100 percent
dope cut-bank showed seeding reduced sediment production by 36 percent.

There are quantitative reationships for the trangport of eroded sediment from fill dopes

to streams.  Although these would need to be evauated for use in the Coast Range, such
characterization would be helpful because it will show the distance over which protective
drategies are needed near streams.  The specific data reported for an erosve soil in
northern Idaho suggests distances of 100 feet or lesswererdevant. Thissuggeststhereis
abasis on which protective strategies can be developed for Oregon — and with
monitoring, their effectiveness evauated.

Burroughs and King (1989) show interesting relationships among the various sources of

sediment from aroad study sSte in Idaho, where artificia rain was used. Although the
quantitative aspects of the relationships probably do not gpply in the Oregon Coast
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Range, quditatively the relationships may well be vaid, and can provide abass for
providing for sediment production management. These relaionships are shown in Figure
14 of Burroughs and King (1989).

Many of the ideas developed in Burroughs and King (1989) are evauated in Luce and
Black (1999) in connection with their study of sediment production from forest roadsin
western Oregon. They established important relationships between sediment production
and such parameters as distanced between culverts, road dope, soil texture, and cut dope
height. The study gppears scientificdly sound. Their findings can be summarized as
follows

Sediment production was afunction of road-segment length and dope.

Rocked roads on silty clay loam produced nine times the sediment as rocked road on
agravely loam.

Sediment production was not correlated with the height of the cut-slope.

Road segments with vegetation cleared from cut-dope and ditch produced seven
times the sediment as road segments where the vegetation was retained.

In summary, we conclude that there is Sgnificant scientific evidence to show that
management actions can influence chronic sediment production from roads. This
evidence iswell documented and is known to ODF, based on its citation in their reports.

Road Drainage

Road drainage is the process by which road-related sediment might be moved to stream
systems. Road drainage issuesinclude (a) spacing between cross road drainage culverts,
(b) the effectiveness with which these culverts operate, and (c) the location a which
discharge from drainage culverts occur.

ODF (1996) monitoring data show that about one-third of the road systems on State and
private forest lands in western Oregon can ddliver sediment to streams by ditch ddlivery.
West of the crest of the Cascades in Oregon and Washington, other estimates of road
drainage discharged to streams or gullies range from 33 percent (Wemple et a. 1996) to
34 percent (Bilby et d. 1989) to 75 percent (Reid and Dunne, 1984). Paul (1998) reports
that road drainage points are associated with about one-third of the road-related
landdides, based on surveysin western Washington (Toth 1991) and western Oregon
(Mills 1991). Irvin and Sullivan (cited as an unpublished report by Duncan et d. 1987)
looking at three watersheds in western Washington and Oregon, note 20 percent of road
runoff points discharged onto the forest floor and 80 percent emptied directly into
drainage systems (70% emptied into first- or second-order channels). The baance
emptied into permanent watercourses. These data show the importance of road drainage
systems, and the impact of their discharge of sediment entrained in water on water

qudity.

We conclude that reducing the amount of road drainage water that flows into channds
can reduce sediment delivery to streams. Although it may not be possible to reduce the
number of points a which entry occurs, the volume of road drainage water at these points



can be reduced by more frequent cross-road drainage. The key isto reduce the length of
the road drainage ditch that leads directly to the point where it discharges to the channel.
This can be accomplished by ingtalation of a cross-road drainage structure areletively
short distance “uproad” from the channel entry point.

Piehl et a. (1988) studied ditch-relief culverts and low-volume roads in the Oregon Coast
Range. Aspart of their paper they summarized relevant research from two other related
efforts, asfollows. after the mgor sorms of December 1964 and January 1965, the Forest
Service conducted an analysis of sorm-related road falures in the Pacific Northwest.
They concluded that the failure of road-drainage facilities caused nearly dl road damage
and those plugged ditch-reief culverts contributed significantly to the problem (Dyson et

a. 1966). In the second effort by Krag et a. (1986), the authors reported on an analysis
of 31 dope falures on the Queen Charlotte ISandsin Canada. Mogt of the road-
associated failures were traced to problems of road drainage (i.e., ditches - absence of
ditches or ditches formed from road ballast; or culverts - spaced too far apart, too small,

or poorly located).

In their Oregon Coast Range study, Piehl et d. (1988) found ditch-rdlief culverts spaced
on average from 30 to 170 percent greater than the guidelines developed for such
drainage by Arnold (1957). The average culvert spacing on Forest Service and BLM
roads was closest to the guiddine. The greatest average spacing was on private lands
(athough the sample of Sites sudied on Sate and private lands was quite smdl in
comparison to the size of the sample on federa proprieties). Culvert inlet condition was
also studied. On average, the cross-sectiond opening of culverts averaged 81 percent of
origind, due to a combination of sltation, debris, denting and dumping of cut banks.
This suggests that the ability of the culvert to pass water and materid entrained in it was
reduced by 19 percent over that envisoned in the design.

Erosion at the outlets of culverts was measurable in 38 percent of the cases studied.
Outlet discharge volume increased with increased spacing between ditch-rdief culverts
When spacing between culverts exceeded the “ Arnold” standards by more than 100
percent, the erosion volume was 3 times as grest as it was when the spacing standard was
exceeded by less than 100 percent.

The gahility of fill dopes bdow ditch-rdief culverts showed some relationship to the
degree to which spacing exceeded the Arnold guidelines, but the variability was high,
suggesting the importance of a site-gpecific evauation. Although the predictive power of
the relationship may be low, it shows the correctness of the logic that the specifics of the
location of drainage discharge points, and the volume of water they handle, will influence
fill-dope stability.

The Arnold spacing guiddines have served as aguideine in this region for more than 30
years, but we caution that they should not be viewed as a standard. The guidelines
gppeared in a 1957 summary publication on soils of the Douglas-fir region. Asnearly as
we can determine, the guidelines are based on an unpublished report by Arnold of
“dudies’ of culvert spacing. Piehl et d. (1988) note that the guidelines have not been
systematically evauated.
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In absence of better information, we suggest the “ Arnold guiddines’ continue to be used
because they provide a systematic basis for design of ditchrrelief culvert dranage
patterns. Monitoring culvert/drainage system function over time will provide the basis
for refinement of these guiddines.

A difficult issue to manageis low-level sediment production over an extensive ares,
contrasted with high-level sediment production concentrated in afew areas. For instance,
Piehl et d. (1988) in the centra Oregon Coast Range evauated 515 crossroad culverts.
There were two such crossings where landdides occurred. These accounted for 72
percent of the sediment production from dl 515 crossngs. Although it isimportant to
reduce or diminate such large sources of sediment, the average sediment production at al
of the other stes averaged 0.7 cubic meters of erosion per Site, for 28 percent of thetotd.

ODF surveys have found that many landdides are the result of the failure of roads not
constructed to current standards. These are roads constructed befosre the current OFPA
ruleswerein place. These so-caled "legacy roads’ continue to be sources of sediment
long after they were congiructed, due to their inherently higher rate of failure,

Road M aintenance and Abandonment

Roads with any vehicular use since 1972 are required to meet OFPA maintenance
requirements, regardless of when the road was constructed. Effective maintenance is
required both for stability of the road, and for its efficient use, however. Maintenance as
an activity both produces and influences sediment production.

Luce and Black (1999) comment on the issue of cleaning road drainage ditches. They
found that sediment yield on older roads with undisturbed ditch linesis small compared
to newer roads, or roads with disturbed ditches (unless the cut-dopeis producing a great
ded of sediment. They suggest that road sufacing (use of aggregate) and control of the
levd of traffic could be equally as effective in influencing sediment production. In a
further study by Black and Luce (1999), in the same location in the Oregon Coast Range,
they monitored sediment production over two years, 1995-1997, following blading of a
rocked road surface. They found a 76 percent reduction in sediment yield the second
year, which they atribute to revegetation of the cut-dope and ditch, and the armoring of
the road surface once the fines exposed due to the blading were removed. Revegetation
was thought to play a sgnificant part in the eroson reduction.

Reduced tire pressure (reduced from 620 kPa to 340 kPa) on logging trucks has been
shown to reduce sediment production from 45 to 80 percent operated over low quality
aggregate (Foltz 1996; Foltz and Elliot 1997), as reported in Luce and Black (1999).

We conclude that when roads are newly congtructed or are in use, policies that address
road surface compaosition, tire pressure, and frequency, distribution, and characteristics of
cross-road drainage and the maintenance of these systems can influence sediment
production and ddlivery to streams. Limiting maintenance of ditches and roadside
vegetation during periods of low road use will reduce chronic sediment production,
dlowing the sysem to “armor up”. However, this must be coupled with road design and
congtruction Strategies that produce an “inherently stable’ road. There are no formulasto
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completdly ensure successin this. However, thereis a strong engineering and science
conceptud base for it. This makes best management practices (BMP), reinforced with
experience, a sound approach. The Luce and Black (1999) and Black and Luce (1999)
papers are rich in guidance for scientificaly-based approaches to road sediment
management in the Oregon Coast Range.

Abandonment (including stabilization) of roads can help reduce road-related
sedimentation problems, both chronic and episodic. Weaver and Hagans (undated)
provide useful discussion and perspectives for road abandonment.  Although much of
their perspectiveisinfluenced by experience with the redwood region of northern coastdl
Cdifornia, the concepts and practices they discuss are useful in Oregon. The many
practices they discuss are likdy to be helpful, but it is difficult to eect the more cost-
effective srategies. The costs of various approaches are outlined in Table 1 of their
report. Prioritization of road abandonment Strategies a any given location, and the
prioritization of genera areas in which abandonment strategies should be exercised, is
needed.

Harr and Nichols (1993) eva uated decommissioning roads in one case study in Canyon
Creek (tributary of the Nooksak River in northwestern Washington). They reported that
17 road-related landdides deposited 191,000 cubic meters of sediment into streams
during four periods of rain-orn-snow events with recurrence intervals of 2to 5 years.
After decommissoning work, only a single road-related landdide occurred during a
record rain-on-snow runoff event of 1989-90, and none of its sediment reached the
sream. Decommissioning involved sabilization of fills, remova of stream crossngs,
recontouring dope, and reestablishing drainage patterns to reduce landdide hazards. Note
thisis an unreplicated case study, but it suggests decommissioning may be a ussful
drategy in some cases. Segment decommissioning cogts ranged from $1615 per km to
$6625 per km. Sixty-six percent of the length cost less than $1615 per km for
decommissioning. The average cost for road abandonment was $3500 per km.

Non-road-related L anddides

Sopefalure rates are highly variable across the landscape and over time. Thisisa
fundamentd problem in the andysis of these events. When superimposed on the
question of humantrelated actions as changing the rate or magnitude of disturbance,
relative to historic patterns, it is difficult to make this comparison.

ODF began monitoring landdides in 1988 (ODF 1997). Their findings included the
fallowing:

Very few landdides occurred on areas the Department had determined to be high risk
Stes.

Landdides associated with roads (especialy those congtructed prior to 1983)
dominate the Satidtics.

Approximately one-third of the landdides investigated were classfied asin harvest
units (as opposed to related to roads or landings).

12¢)



Following the magor sorms of 1995-1996, ODF (1998b) conducted an extensive survey
of landdides. ODF dratified the landdide data according to length of time between
harvest and dope falure. Although there is variation, the general pattern isthat the rate of
land diding was highest in sands 0-9 years post harvest, and lowest in stands 10 to 30
years, and then increased with stand age. Probably of greater importance isthe landdide
erosion rate (how much sediment is moved). When the same data set is analyzed with
respect to soil moved (yd*/acre) the pattern is similar to that for rate of land diding, but
the variaion is higher. Asagenerdization, the eroson rateishigher in areas shortly

after harvest, and then it decreases with stand age. In three of four cases, the erosion rate
islowest in stands more than 100 years of age.

The ODF study provides a clear picture concerning the association of land form and dope
steepness with the rate of occurrence of landdides (Table 5). There were no landdides

that entered channels where dopes were less than 40 percent.

Table 5. Sope stegpnessis critical.

Slopeclass, % Landdide frequency, Cumulative landdide
% of total frequency, % of tota

0-60 8 8

60-70 15 23

70 —90 49 72

90 + 28 100

Landform also gppearsto be auseful indicator of landdide erosonrisk. 1n those study
areas in which more than 20 landdides occurred, uniform dopes and, in al but one case,
concave dopes had the greatest incidence of landdides. Convex dopes and irregular
dopeswerelower. Landdide inventories show that from one-third to one-haf of dl
landdidesin the Oregon Coast Range originate in headwall areas. Thisreationship
suggests a higher leve of predictability on a Ste-by-dte bass than exigts.

The COPE andysis of headwall leave areasin the central Oregon Coast Range (Mapleton
Ranger Didrict) showed the Mapleton Risk Reting System is a useful guidein assessing
the risk of dope falure in headwall areas (Martin 1997, Skaugset et d. 1993). Thisisa
semi-quantitative checklist sysem in which field observers assign numerical vauesto
various characteristics of headwall areas. These are based on the degree to which they
are bdieved to contribute to headwadl stability. Although this rating system loses
predictive power at higher risk reting levels, it remains useful in instances where the god
isto reduce the risk of erosion from dope fallure in headwalls. This risk assessment
system has not been tested outside of the Central Oregon Coast Range (highly dissected
marine sandstone and siltstone). Such testing is needed and can be incorporated into
monitoring and adaptive management drategies.

Re-andyss of headwall inventory datain the central Oregon Coast Range showed no
gatigticaly sgnificant differencein dope falurerate in clearcut, forested and headwall
leave areas. However, thisis not arandom test of the variables, and the sample szeis
quite smdl. We do not congder it acritica test of the hypothes's, and caution against the



use of the generd findings as indicating that headwall leave areas are ineffective in
preventing or reducing dope failures.

Important quantitative relationships between landdide initiation and subsequent behavior
were reported by Fannin and Rollerson (1993) following their anadysis of 449 debris
flows in the Queen Charlotte Idands of British Columbia.

In generd, we conclude that, on average, the relationship between dope characterigtics
(and other factors) and dope failure are hdpful for management of the risk of landdide-
caused sedimentation on actively managed forest properties, but the variation exhibited
on asite-by-Ste basisisvery large. We should not be surprised by this Ste-to-ste
variation. If it were not the case, then al steegp headwall stes would have failed long ago.
Refinements in our understanding of the interaction among Ste factors and our technical
ability to characterize them are needed to permit more accurate predictions of dope
failure potentid.

a5



