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Abstract

Reeves, Gordon H.; Pickard, Brian R.; Johnson, K. Norman. 2016. An
initial evaluation of potential options for managing riparian reserves of the
Aquatic Conservation Strategy of the Northwest Forest Plan. Gen. Tech. Rep.
PNW-GTR-937. Portland, OR: U.S. Department of Agriculture, Forest Service,
Pacific Northwest Research Station. 97 p.

The Aquatic Conservation Strategy (ACS) of the Northwest Forest Plan guides
management of riparian and aquatic ecosystems on federal lands in western
Oregon, western Washington, and northern California. We applied new scientific
findings and tools to evaluate two potential options, A and B, for refining interim
riparian reserves to meet ACS goals and likely challenges of climate change while
supporting other management goals, including timber production. Interim riparian
reserves are retained in late-successional reserves and other special land designa-
tions in the options. In lands designated as matrix, the area for aquatic conservation
extends upslope one site-potential tree-height along all streams, divided into an
inner zone devoted solely to achieving ACS goals and an outer zone managed to
achieve ACS and other goals. Option A uses a fixed-width approach and option B
a context-dependent approach, with partitioning of zones based on the ecological
sensitivity of stream reaches. Based on simulations of the area of interim riparian
reserves in six watersheds in western Oregon with lands managed by the Bureau
of Land Management (BLM): (1) about 76 percent under option A and 72 percent
under option B remain solely devoted to ACS goals; (2) 15 percent under option A
and 19 percent under option B should be able to meet ACS goals and also contribute
toward matrix goals such as timber production; and (3) 9 percent would be returned
to matrix. A large percentage of streams with high ecological sensitivity occurred
on nonfederal lands, a circumstance that merits further analysis in the context of
landscape-scale considerations for biodiversity and recovery of species listed under
the Endangered Species Act. Information needs remain with regard to the applica-
tion and effectiveness of these options, and an adaptive management context is
critical for continued improvement.

Keywords: Aquatic Conservation Strategy, interim riparian reserves, riparian

management, context-dependent buffers.



Executive Summary
The Aquatic Conservation Strategy (ACS) of the Northwest Forest Plan (NWFP)

was designed to maintain and improve the ecological processes in aquatic ecosys-
tems for Pacific salmon (Oncorhynchus spp.), other native fish, aquatic and riparian-
dependent organisms, and water quality. A key element of the ACS was a system of
interim riparian reserves of two site-potential tree-heights on fish-bearing streams,
and one site-potential tree-height on non-fish-bearing streams. These reserves were
adopted in 1994 as part of the NWFP; it was expected that they would be revised
during implementation based on scientifically sound reasoning but, in general, such
revisions have not been made.

We explore the application of new scientific findings and tools to do an initial
ecological evaluation of two potential options for managing riparian and aquatic
ecosystems in a way that could meet ACS goals, and the likely challenges of climate
change, while also allowing the fulfillment of other management goals, including
timber production. The options evaluated here were informed by new research,
tools, and concepts, including: (1) the influence of the width of riparian area on
microclimate; (2) movement of amphibians along non-fish-bearing streams; (3) the
distance to and sources of wood for fish-bearing streams; (4) intrinsic potential
(IP), a concept for assessing the capability of a given set of geomorphic conditions
in a stream reach to provide habitat for selected species of Pacific salmon; (6)
NetMap, a geo-spatial platform for watershed analysis that can, among other things,
identify the location of key ecological processes that influence aquatic and ripar-
ian ecosystems on the landscape and in the stream network; and (7) concepts for
managing riparian ecosystems and the activities that affect them, such as ecological
forestry and tree-tipping.

Under both of the potential options for managing the riparian reserves of the
ACS evaluated here, current interim riparian reserves of two site-potential tree-
heights along fish-bearing streams and one site-potential tree-height along non-fish-
bearing streams are retained in late-successional reserves and other special land
designations. In lands allocated as matrix under the NWFP, the area of interest for
aquatic conservation, which we refer to as the riparian conservation area, extends
upslope from the stream for a distance equal to the height of one site-potential tree
along fish-bearing and non-fish-bearing streams under both options. Riparian
conservation areas are divided into an inner and an outer zone; the inner zone is
devoted solely to achieving goals of the ACS, while the outer zone would be man-
aged to achieve ACS and other management goals, which could include timber

production. If timber production is implemented in the outer zone, ecological



forestry prescriptions with significant amounts of retention would guide harvesting
activities. The options differ in how the riparian conservation area is partitioned
between inner and outer zones. Option A uses a fixed-width approach to partition
the zones. Option B uses a context-dependent approach based on four important
characteristics of each stream reach—susceptibility to surface erosion, debris flows,
thermal loading, and habitat potential for target fish species—to determine the
appropriate width of the inner zone. Both options are limited to stands <80 years of
age, and “tree-tipping” is used throughout the riparian conservation area to ensure
that harvest does not negatively affect wood recruitment to the stream.

We simulated and compared the two potential options to the existing interim
riparian reserves across six watersheds that contain approximately 30 percent of
matrix lands managed by the Bureau of Land Management (BLM) in western Ore-
gon. Under option A, we found that an average of 54 percent of the interim riparian
reserves on BLM matrix across the study watersheds would continue to be managed
solely for ACS goals; under option B, an estimated average of 46 percent would be
managed solely for those goals. Also, an estimated average of 29 percent of interim
riparian reserves on BLM matrix under option A and 36 percent under option B
would achieve ACS goals along with other potential goals, which could include
timber production, and 18 percent could be returned to the terrestrial prescriptions
of the NWFP. Interim riparian reserves in late-successional and other reserve
allocations, which cover approximately half of the BLM lands in western Oregon,
would remain unchanged under both options. Assuming that half of the interim
riparian reserves on BLM lands in western Oregon would remain unchanged, and
applying our study estimates of changes in matrix under the two modeled options
to the entire BLM matrix in western Oregon, we estimate that about 76 percent of
the interim riparian reserves under option A and 72 percent under option B would
remain solely devoted to ACS goals. Under options A and B, respectively, an
additional estimated 15 percent and 19 percent of the interim riparian reserves on
BLM lands in western Oregon would likely meet ACS goals and may also provide
opportunity for achievement of matrix goals including limited timber production.
Under both options, reduction of the width of the riparian reserve along fish-bearing
streams to one tree-height would return an estimated 9 percent of interim riparian
reserves to matrix on these lands.

Because our analysis took a “whole-watershed” approach, we identified impor-
tant stream segments for aquatic ecosystem conservation on all lands, federal and
nonfederal. We found that federal lands contain some, but not all, streams with

high ecological sensitivity, and determined that many ecologically sensitive streams



occur on nonfederal lands. This finding merits further analysis in the context of
landscape-scale considerations for biodiversity and the recovery of threatened or
endangered species.

Our analysis is not intended to suggest or imply that the two potential options
described here are the only alternatives for managing riparian ecosystems. And,
just as with the interim riparian reserves, these or any other options should not be
viewed as immutable. Our analysis provides a framework for understanding recent
scientific information and how it might be used to develop options for managing
interim riparian reserves other than as de facto reserves to meet the goals of the
ACS, while allowing opportunities to achieve other goals such as timber produc-
tion, and that also meet the challenges of climate change. Although new science
has refined our understanding of the ecological processes that occur in the interim
riparian reserves, uncertainties and information needs remain. Thus, an adaptive

management context is critical for continual improvement and further evaluation.
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Potential Options for Managing Riparian Reserves of the Aquatic Conservation Strategy of the Northwest Forest Plan

Introduction
Across the area of the Northwest Forest Plan (NWFP) (USDA and USDI 1994),

management of riparian and aquatic ecosystems is a major focus of and challenge
to federal land-management agencies. These ecosystems occupy about 40 percent
of the federal land base, and on federal forest lands within the range of the northern
spotted owl (Strix occidentalis caurina), the Aquatic Conservation Strategy (ACS)
guides federal agencies in their management. The goals of the ACS are to: (1) main-
tain and restore the ecological processes that create and maintain habitat for native
aquatic and riparian-dependent organisms; and (2) provide sources of high-quality
water, recreation, and other ecological benefits (USDA and USDI 1994). Recovery
of species listed under the Endangered Species Act is tightly tied to successfully
meeting these goals.

The riparian reserve network, a cornerstone of the ACS, defines the spatial
extent of the riparian ecosystem based on the distance from the stream at which
key ecological processes occur. Interim riparian reserves of two site-potential
tree-heights on fish-bearing streams and one site-potential tree-height on non-
fish-bearing streams were established when the NWFP was adopted. We focus on
riparian reserves here because their interim boundaries could be adjusted based
on “scientifically sound reasoning” and site-specific information resulting from
watershed analysis (FEMAT 1993, p. V-35), thus enabling an improved reserve
design to better meet ACS objectives (FEMAT 1993, p. V-44) and the broader goals
of the NWFP. However, there have been only minor boundary adjustments, espe-
cially within one tree-height of streams (Reeves 2006), since adoption of the NWFP
in 1994 (Baker et al. 2006, Reeves et al. 2000).

Everest and Reeves (2007) found no scientific evidence that the default pre-
scriptions in the Northwest Forest Plan provided more protection than necessary to
meet stated riparian management goals. However, they also stated that additional
alternative riparian management strategies that meet ASC objectives, while provid-
ing opportunities for other management objectives, could be implemented and eval-
uated. We apply findings and results of scientific studies published since FEMAT
(1993) in an evaluation of two potential options for management of the interim
riparian reserves that meet ASC objectives while providing opportunities for other
management objectives, then examine projected consequences in six watersheds
in western Oregon that contain land managed by the Bureau of Land Management
(BLM). Considering only lands allocated as matrix, where timber production is one
of the goals of the NWFP, these options evaluate potential adjustments to riparian
reserve boundaries and management strategies within the area currently designated

as interim riparian reserves. In both options, the other components of the ACS (key
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As with any new
approach to manage-
ment, implementation
and evaluation in an
adaptive management

context is imperative.

watersheds, monitoring, and standards and guidelines) are maintained across all
allocations, and existing interim riparian reserves are maintained in land allocations
outside of matrix.

Both potential options focus on the area within one site-potential tree-height
of fish-bearing and non-fish-bearing streams in matrix and divide this area into an
inner zone and outer zone with different management objectives and activities. The
inner zone is devoted solely to achieving ACS goals; the outer zone is managed to
achieve ACS goals as well as other management goals, which could include timber
production. The first option uses a fixed-width approach to delineate the two zones,
and the second uses a context-dependent approach based on the ecological char-
acteristics of each stream reach. These options fall within the bounds of what was
expected by the developers of the ACS (FEMAT 1993) and the Record of Decision
(ROD) (USDA and USDI 1994).

Our analysis provides a means to understand recent scientific information in
the context of possible management options, and suggests ways this information
might be used to develop new approaches for managing interim riparian reserves
other than as de facto reserves. These analyses are not intended to suggest or imply
that the two options evaluated here are the only ones for managing interim riparian
reserves. In common with the interim riparian reserves, these or any other options
should not be viewed as immutable, and as with any new approach to management,
implementation and evaluation in an adaptive management context (Stankey et al.

2005) is imperative.

The Aquatic Conservation Strategy in the
Northwest Forest Plan

Goals

The Aquatic Conservation Strategy is a regional strategy applied to aquatic and
riparian ecosystems across the area covered by the NWFP. It seeks to prevent
degradation of aquatic ecosystems and to restore and maintain water quality,
habitat, and the ecological processes responsible for creating habitat for Pacific
salmon (Oncorhynchus spp.) and other aquatic and riparian-dependent organisms,
over broad landscapes of public lands administered by the U.S. Department of
Agriculture Forest Service and the U.S. Department of the Interior Bureau of Land
Management (USDA and USDI 1994). The ACS was developed during the analysis
that led to the Northwest Forest Plan (FEMAT 1993), but its foundation was a
refinement of earlier strategies: the Scientific Panel on Late-Successional Forest
Ecosystems (“The Gang of Four) (Johnson et al. 1991), PacFish (USDA 1992), and
the Scientific Assessment Team (Thomas et al. 1993). In the short term (10 to 20
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years), the ACS was designed to halt further declines in watershed condition, and to
protect watersheds that currently had good-quality habitat and strong fish popula-
tions (FEMAT 1993). The long-term goal (100+ years) was to develop a network

of functioning watersheds that support populations of fish and other aquatic and
riparian-dependent organisms across the NWFP area (USDA and USDI 1994).

The ACS sets out five components to meet its goals and objectives: (1) water-
shed analysis; (2) riparian reserves; (3) key watersheds; (4) watershed restoration;
and (5) standards and guidelines for management activities (USDA and USDI
1994). Each component is essential for the success of the ACS (USDA and USDI
1994), and any assessment must consider all five of these components in aggregate.

Riparian reserves were intended to define the outer boundaries of the riparian
ecosystem, and encompass the portions of a watershed most tightly coupled with
streams and rivers. Riparian areas provide the ecological functions and processes
necessary to create and maintain habitat for aquatic and riparian-dependent organ-
isms over time, dispersal corridors for a variety of terrestrial organisms, and
connectivity of streams within watersheds (FEMAT 1993). The FEMAT scientists
developed three riparian management scenarios (FEMAT 1993, p. V-37). Each sce-
nario required a reserve width on fish-bearing streams equal to two times the height
of a site-potential tree (minimum of 300 ft [91.4 m]), where a site-potential tree
is defined as a tree that has attained the average maximum height possible given
the conditions where it occurs (FEMAT 1993, p. V-32). The riparian management
scenarios varied in their requirements for non-fish-bearing streams, ranging from
a width equal to one-sixth of a site-potential tree-height (minimum of 25 ft [7.6
m]) to that of one site-potential tree-height (FEMAT 1993, p. V37). One scenario
was integrated into each of the 10 landscape alternatives developed by the FEMAT
scientists (FEMAT 1993).

The Secretaries of Interior and Agriculture chose FEMAT’s option 9 as their
preferred alternative, which called for a riparian reserve network that was two site-
potential tree-heights wide on fish-bearing streams and one half of a site-potential
tree-height on most non-fish-bearing streams. Interim boundaries of riparian
reserves were extended to a full site-potential tree-height on all non-fish-bearing
streams between the draft and final environmental impact statements (USDA and
USDI 1994) to increase the likelihood of success of the ACS, and to provide addi-
tional protections for non-fish organisms that use the area near streams as habitat or
migratory corridors (FEMAT 1993). Thinning to advance aquatic ecosystem values
is allowed within the riparian reserves, but timber production is not a management
goal (USDA and USDI 1994).
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Watershed condition since implementation of the ACS—

To date, the ACS has met the goal of improving the ecological condition of water-
sheds across federal lands to which it applies (Lanigan et al. 2012, Reeves et al.
2006). After the first 10 years of implementation, the ecological condition of 65
percent of watersheds improved, 28 percent declined, and 7 percent remained
unchanged (Reeves 2006, Reeves et al. 2006). After 15 years, ecological conditions
had improved in 69 percent of the watersheds, and declined in 18 percent (Lanigan
et al. 2012). The primary factors responsible for improvement were an increase in
the number of large trees (>20 inches [51 cm] in diameter) in riparian areas and a
reduction in road densities in watersheds. Watersheds in which conditions declined

have recently experienced wildfires.

Underlying Principles and Concepts

We begin with a discussion of contemporary research findings that formed the
foundation for designing both potential options in this report: (1) the dynamic
nature of aquatic ecosystems in space and time, (2) the ecological importance of
non-fish-bearing streams, and (3) the effects of timber harvest on microclimate and
amphibians. Next, we discuss forest-management strategies that we incorporated
into the options: (1) ecological forestry as described in Franklin and Johnson (2012)
as a guide to silviculture, and (2) “tree-tipping” to compensate for potential loss in

wood recruitment to streams.

Streams and associated aquatic ecosystems: dynamic in space and time—
Assessing potential ecological effects of management in riparian ecosystems is
dependent on a number of factors. A critical though seldom explicitly recognized
factor is the perspective on how streams and their associated aquatic ecosystems
behave in space and time. One view holds that aquatic ecosystems tend to be in
an equilibrium or steady state, and when disturbed they are expected to return
to pre-disturbance conditions relatively quickly (Resh et al. 1988, Swanson et al.
1988). Biological (Vannote et al. 1980) and physical conditions (Rosgen 1994) are
presumed to be relatively constant through time and to be “good” (barring human
interference) in all systems at the same time. Conditions in aquatic systems with
little or no human influence, particularly those associated with old-growth forest,
are understood to have the most favorable conditions for fish and other aquatic
organisms, and are most frequently used as references against which the condi-
tion of managed streams (e.g., Index of Biotic Integrity) (Karr and Chu 1999) and
impacts from management actions can be assessed.

In contrast, there is an emerging paradigm that views streams as being dynamic

in space and time, exhibiting a range of potential conditions, as do the terrestrial
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systems in which they are embedded. The condition of individual streams and
watersheds is recognized as variable through time (Naiman et al. 1992) and
dependent on landscape context, legacies of past disturbance, and time since past
disturbance (Benda et al. 1998, Reeves et al. 1995, Rieman et al. 2006, Wondzell
et al. 2007). Larger streams and rivers in the lower portion of the network are less
variable through time; those in the upper and middle portions are more dynamic
(Naiman et al. 1992). Pristine (i.e., unmanaged) and minimally disturbed aquatic
systems may actually exhibit a wider range of conditions than more heavily man-
aged systems (Lisle 2002, Lisle et al. 2007). The range of conditions that aquatic
ecosystems in different areas likely experience through time will differ depending
on the natural disturbance regime, topographic setting, and geology. See Reeves

(20006) for a more detailed review.

Ecological importance of non-fish-bearing streams—

Riparian reserves are a cornerstone of the ACS, and include fish-bearing streams,
which had been the focus of the management of aquatic ecosystems before FEMAT,
as well as small, fishless headwater streams. Since the ACS was originally devel-
oped, the ecological importance of headwater streams, which generally make

up 70 percent or more of the stream network (Gomi et al. 2002), has been firmly
established. Headwaters are sources of sediment (Benda and Dunne 1997a, 1997b;
MacDonald and Coe 2007; Zimmerman and Church 2001) and wood (Bigelow et
al. 2007, May and Gresswell 2003, Reeves et al. 2003) for fish-bearing streams,
provide habitat for several species of native amphibians (Kelsey and West 1998)
and macroinvertebrates (Meyer and Wallace 2001), including recently discovered
species (Dieterich and Anderson 2000), and may be important sources of food for
fish (Wipfli and Gregovich 2002). Small streams are also storage and processing
sites for nutrients and organic matter, forming the energy base for organisms used
by fish as food (Kiffney et al. 2000, Wallace et al. 1997, Webster et al. 1999, Wipfli
and Gregovich 2002).

Headwater streams are among the most dynamic portions of aquatic ecosystems
(Naiman et al. 1992). Tributary junctions between headwater streams and larger
channels are important nodes for regulating material flows in a watershed (Benda
et al. 2004, Gomi et al. 2002) and are the locations where site-scale effects from
management activities are often observed. These locations have unique hydrologic,
geomorphic, and biological attributes. The movement of sediment, wood, and other
materials through tributary junctions results in sites of high biodiversity (Johnson et
al. 1995, Minshall et al. 1985). Habitat in these sites may also range from simple to
complex, depending on time since disturbance (such as landslides and debris flows)

and the types and amount of materials delivered to the channel.
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Wood enters streams via chronic and episodic processes (Bisson et al. 1987).
Chronic processes, such as tree mortality and bank undercutting (Bilby and Bis-
son 1998, Grette 1985, Murphy and Koski 1989), generally introduce single trees
or relatively small numbers of trees at frequent intervals. Wood from headwater
streams is delivered to fish-bearing streams by large, infrequent events, such as
windthrow (Harmon et al. 1986), wildfire (Agee 1993), severe floods, landslides,
and debris flows (Benda et al. 2003, Keller and Swanson 1979, May and Gresswell
2003, Reeves et al. 2003). Geomorphic features of a watershed influence the poten-
tial contribution of upslope wood sources. Steeper, more highly dissected water-
sheds will likely have a greater proportion of wood coming from upslope sources
than will watersheds with lower stream densities and gradients.

The presence of large wood from headwater streams influences the behavior of
landslides and debris flows, and the response of the channel to such events. Large
wood in debris flows and landslides influences the run-out length of these distur-
bance events (Lancaster et al. 2003). Debris flows without large wood move faster
and for longer distances than those with wood, and they are less likely to stop high
in the stream network. A debris flow without wood is likely to be a concentrated
slurry of sediments of various sizes that can move at relatively high speeds over
long distances, scouring substrate and wood from the affected channels. These
types of debris flows are more likely to negatively affect fish-bearing channels, as
compared to the potentially favorable effects that result from the presence of wood.
Woodless debris flows can further delay or impede the development of favorable
conditions for fish and other aquatic organisms.

Over time, headwater depressions and channels are filled with material from
the surrounding hillslopes, including large wood that falls into these channels,
forming obstructions behind which sediments accumulate (Benda and Cundy 1990,
May and Gresswell 2004). These filled areas are evacuated following a landslide
or debris flow. This cycle of filling and emptying results in a punctuated movement
of sediment and wood to larger, fish-bearing streams (Benda et al. 1998), which
is—at least in part—responsible for the long-term productivity of many aquatic
ecosystems (Benda et al. 2003, Hogan et al. 1998, Reeves et al. 1995). The absence
of wood to replenish the refilling process may result in a chronic movement of sedi-
ment to larger channels, which could lead to those channels developing different
characteristics than those that occurred before forest management. Such conditions
could be outside the range of watershed conditions to which native biota are adapted
(Beschta et al. 2004).
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Ecological forestry as a silvicultural guide—

Ecological forestry applies current ecological understanding of forest ecosystems Ecological forestry

and how they work to achieve integrated environmental, economic, and cultural applies current eco-
management outcomes (Franklin and Johnson 2012, Franklin et al. 2007). It con- logical understanding
trasts with production forestry, which applies agronomic and economic models of forest ecosystems

in the efficient production of wood products (Franklin and Johnson 2013). Key and how they work
elements of ecological forestry (Franklin and Johnson 2012, Franklin et al. 2007) to achieve integrated
include: (1) retaining structural and compositional elements of the pre-harvest stand environmental,

during variable-retention harvests; (2) using natural stand-development principles economic, and cultural
and processes to manipulate established stands in order to restore or maintain management outcomes.

desired structure and composition; (3) using return intervals for silvicultural
activities that are consistent with recovery of desired structures and processes;
and (4) planning management activities at landscape scales, in accordance with
knowledge of spatial pattern and ecological function in natural landscapes.

Franklin and Johnson (2012) distinguish between “moist forests” and “dry
forests” (fig. 1) in their recommendations on implementing ecological forestry
(box 1), owing to the contrasting disturbance regimes and responses to manage-
ment of these two types of forests. Historically, moist forests generally experienced
large, infrequent wildfires (at intervals of one to several centuries) as their dominant
disturbance agent, which produced extensive areas in which fire severity resulted
in stand-replacement conditions (Agee 1993). Dry forest sites experienced predomi-
nantly low- and mixed-severity fire behaviors at frequent (e.g., 5- to 35-year) inter-
vals (Agee 1993, Perry et al. 2011). Some plant associations currently straddle the
boundary between moist and dry forest, but climate change is expected to increas-
ingly shift these associations toward dry forest status, with projected increases in
wildfire frequency (e.g., Dello and Mote 2010, Spies et al. 2010).

The distinction between moist forests and dry forests is especially critical in
developing policies and practices intended to protect old-growth forests and trees.
Existing intact old-growth forests on moist forest sites have undergone limited
changes as a result of >100 years of fire exclusion and suppression; active manage-
ment to restore conditions within such stands is not only unnecessary, but could
adversely affect them. Dry forest sites, on the other hand, have undergone dramatic
changes from pre-European settlement conditions as a result of many human activi-
ties, including the elimination of fire. Consequently, dry forests have undergone
significant changes and many are currently dense, fuel-loaded stands dominated by
fire- and drought-intolerant species. Hence, policies may permit active management
of such forests (including those with older trees) to create more resilient conditions
(Franklin and Johnson 2012).
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Figure 1—Moist and dry forests (Franklin and Johnson 2012) on Bureau of Land Management and Forest Service lands outside of
wilderness in western Oregon, with the six study watersheds highlighted.
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Box 1

Elements of Ecological Forestry Strategy (Franklin and Johnson 2012)

Moist forests—

* Retain existing older stands and individual older trees found within younger
stands proposed for management, using a selected threshold age.

* Accelerate development of structural complexity in younger stands, using diverse
silvicultural approaches (Bailey and Tappeiner 1998, Carey 2003, Garman et al.
2003, Wilson and Puettmann 2007).

* Implement variable-retention harvests (VRH) (Beese et al. 2003; Franklin et al.
1997, 2007; Gustafsson et al. 2012) in younger moist forests, retaining such
structures as individual trees, snags, logs, and intact forest patches.

* Accommodate development of diverse early-seral ecosystems following harvest,
by using less intense approaches to site preparation and tree regeneration.

* Embed the preceding objectives in a silvicultural system that includes creation
and management of multi-aged, mixed-species stands on long rotations (e.g.,
100 to 160 years).

Dry forests—

* Retain and improve survivability of older conifers by reducing adjacent fuels
and competing vegetation—old trees can respond positively (e.g., McDowell
et al. 2003).

* Retain and protect other important structures such as large hardwoods, snags, and
logs; some protective cover may be needed for cavity-bearing structures that are
currently being used (e.g., North et al. 2009).

* Reduce overall stand densities by thinning so as to: (1) reduce basal areas to
desired levels; (2) increase mean stand diameter; (3) shift composition toward fire-
and drought-tolerant species; and (4) provide candidates for replacement old trees.

* Restore spatial heterogeneity by varying the treatment of the stand, such as by
leaving untreated patches, creating openings, and providing for widely
spaced single trees and tree clumps (Larson and Churchill 2012).

* Establish new tree cohorts of shade-intolerant species in openings.

* Treat management-related fuels and begin restoring historical levels of
ground fuels and understory vegetation using prescribed fire.

* Plan and implement activities at landscape levels, incorporating spatial
hetero-geneity (e.g., provision for denser forest patches) and restoration

needs in non-
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One specific objective of harvests in moist forests is the creation of diverse
early-seral ecosystems as a part of a silvicultural system that includes management
of mixed-age, mixed-species forests over long (e.g., 80- to 160-year) rotations.
Early-seral ecosystems in moist forests in Oregon are highly diverse, trophic- and
function-rich ecosystems that occur after a severe disturbance but before the
re-establishment of a closed forest canopy (Swanson et al. 2011). In general, moist
forest landscapes are currently lacking in high-quality early-seral ecosystems
because of harvest, reforestation, and fire-suppression policies on both private and
public lands (Spies et al. 2007, Swanson et al. 2011).

Functional early-seral habitat can be created using variable-retention harvest
prescriptions that retain biological legacies and use less-intensive approaches to
re-establishment of closed forest canopies (Franklin and Johnson 2012). Unlike
conventional clearcuts, these variable-retention harvests retain significant elements
of the pre-harvest stand through the following rotation, including undisturbed forest
patches and individual live and dead trees that enrich the biodiversity, ecological
processes, and structural diversity of the post-harvest stand (Gustafsson et al. 2012,
Lindenmayer et al. 2012).

Franklin and Johnson (2012) recommend moist forest variable-retention harvest
that retains approximately one-third of the pre-harvest stand, inclusive of riparian
buffers for small non-fish-bearing streams embedded in the harvest unit (fig. 2).
Most of that retention is in patches, with some additional retention of individual
trees scattered over the unit.

With these biological legacies intermixed with openings created by harvest,
variable-retention harvests can provide favorable conditions for the development
of diverse early-seral ecosystems important for regional biodiversity (Swanson et
al. 2011) and the establishment of new cohorts of desirable shade-intolerant tree
species, while maintaining a flow of wood products (Franklin and Johnson 2012).
Biological legacies, including retained tree patches, individual trees, snags, and
down wood, provide structural and biological continuity across successional stages,
and lead to multi-story stand structure and heterogeneous landscapes. See figure
3 for an example of diverse early-seral ecosystems following a variable-retention
harvest.

The ecological forestry strategy for dry forests (box 1) relies on a combina-
tion of stand-level treatments and retention of dense forest habitat patches at the
landscape level; such an approach has recently been incorporated into projects on
federal lands (e.g., Ager et al. 2007, Franklin et al. 2013, Gaines et al. 2010), and
projects using this strategy are underway on BLM lands in southwestern Oregon
(Reilly 2012).
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Figure 2—Simulation of Franklin and Johnson’s variable-retention harvest scheme with retention patches, scattered retained trees,
with retention focused along streams. Retention level across the harvest unit was approximately 35 percent. Simulation by Laura
Hardin at the direction of K.N. Johnson, 2013. ACS = Aquatic Conservation Strategy.

Norm Johnson

Figure 3—Diverse early-seral ecosystem following a variable-retention harvest.
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Retaining and nurturing older trees and other significant structural elements of
dry forest stands is the starting point for this restoration strategy. Currently, these
older trees and the forests in which they are embedded are at risk from intense
wildfires, epidemics of defoliating insects, and competition, the latter resulting in
accelerated mortality resulting from bark beetles (Franklin and Johnson 2012). The
dry forest restoration strategy is designed to reduce these risks.

We focus the discussion of ecological forestry in this report on moist forests
because they cover most of our study watersheds, and involve the most controver-
sial harvest practice—variable-retention harvest to create openings. To achieve
the goals of the ACS, activities in moist forests within riparian conservation areas
(the area of interest for aquatic conservation) should generally be limited to stands
currently less than or equal to 80 years of age.! Watersheds with forests 80 to
140 years old in the Oregon Coast Range are believed to be the most productive
for salmon (Reeves et al. 1995). For example, reaches of streams with natural
forests greater than 80 years old had the highest abundances of juvenile Chinook
salmon (O. tshawytscha) in Elk River, Oregon (Burnett 2001). The joint riparian
review group from the National Marine Fisheries Service, U.S. Forest Service,
BLM, Environmental Protection Agency, U.S. Geological Survey, and U.S. Fish
and Wildlife Service recommended that thinning be limited to stands less than or
equal to 80 years of age (Spies et al. 2013). Also, Franklin and Johnson (2012) view
younger, previously harvested acres (generally stands currently less than or equal to
80 years of age) as prime candidates for variable-retention harvests, given that the
area of older forests is far below historical levels (FEMAT 1993) and that scientific
review (Forsman et al. 2011) and policy direction (USFWS 2011, 2012) increasingly
call for retention of mature and old forest in matrix as northern spotted owl habitat.
The silvicultural practices of ecological forestry for moist forests differ between
the inner and outer zones of the riparian conservation area in the options evaluated
here. The inner zone is managed solely to achieve the goals of the ACS; thinning
could be allowed to further ACS goals. The outer zone is managed to achieve the
goals of the ACS and for other goals, including timber production using ecological
forestry. Both thinning and variable-retention harvest could be allowed in the outer

zone.

! Most stands currently less than 80 years of age were previously clearcut and planted;
many have since been precommercially thinned and some have been commercially thinned.
Note that not all stands currently <80 years of age would be available. Some include a
remnant overstory of older trees that could make them function as older stands from a
biodiversity standpoint; their availability for long-term timber production may be limited
under the guidance in the Northern Spotted Owl Recovery Plan (USFWS 2011) and the
guidance in the Northwest Forest Plan for conservation of marbled murrelet sites as they
are found (USDA and USDI 1994).
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Tree-tipping to compensate for potential reduction in wood recruitment—
The lack of wood in streams in managed forests is a primary concern of manage-
ment and regulatory agencies, and warrants consideration in any riparian manage-
ment scheme. Thinning is a potential technique for increasing tree growth (Dodson
et al. 2012, Garman et al. 2003), and the purposeful placement of some proportion
of the harvested wood in the channel or on the forest floor could immediately
reduce deficiencies in dead wood that exist in many streams and riparian areas
(Benda et al. 2015; see also Olson and Burnett 2009 and Olson and Kluber 2014).
Thinning would produce more dead wood in riparian areas and streams in the short
term than a stand that is left unthinned, where dead trees accumulate slowly as a
result of competition, disease, disturbance, and other factors. Given the right stand
conditions, such actions could have the added benefit of accelerating future devel-
opment of very large-diameter (>40 inches) trees (Spies et al. 2013). However, any
thinning activity to increase wood recruitment in the near and long terms will also
have to consider potential impacts on water temperature and water quality.

Benda et al. (2015) explored tree-tipping by modeling the amount of instream
wood that would result from thinning a stand from 400 trees per acre to 90 trees
per acre, which is considered a moderate amount of thinning, then directionally
falling or pulling over varying proportions of the trees scheduled for harvest (table
1). This was compared to the amount of wood that would be expected to be found
in the stream without thinning the stand. The amount of wood increased above
the “no thin” level immediately after the entry in all of the options of wood addi-
tions. However, the cumulative total amount of wood expected in the stream over
100 years relative to the unthinned stand varied depending on the amount of wood
delivered. Adding <10 percent of the wood that would be removed during thinning
produced less wood in the channel over time than the unthinned option. When 15
to 20 percent of the volume of thinned trees was tipped from one side of the stream
at each entry, the total amount of dead wood in the channel over time exceeded the
unthinned scenario (table 1).

While further modeling is being done to better understand the effects of tree-
tipping, the initial modeling results and other published papers (Carah et al. 2014,
Spies et al. 2013) suggest that adding wood to streams during management activities
could provide benefits to fish and fish habitat. We therefore include tree-tipping in
the two management options described below. We assume that this topic will be
further explored and evaluated through time, and that appropriate modifications of

its application could be made as new knowledge is generated.

Adding wood to
streams during
management activities
could provide benefits
to fish and fish habitat.
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Table 1—Predicted cumulative wood storage (m*- 100 m™?)
over the simulated century (includes decay), showing
differences between the no-treatment alternative in
comparison to various combinations of single- and
double-entry thins, a 10-m buffer, and tree-tipping of
between 5 percent and 20 percent

Change from no treatment
Single-entry Double-entry

Scenario thin thin
Percent
No treatment (reference) 0 0
Thin -33 -42
Thin, buffer -7 -11
Thin, tip 5 percent -15 -15
Thin, tip 10 percent -6 +1
Thin, tip 15 percent +1 +16
Thin, tip 20 percent +6 +24

Potential Options for Managing Riparian Reserves
on BLM Western Oregon Forests—Design and
Scientific Rationale

Based on recent scientific information, we design and compare two potential
options for managing the interim riparian reserve on BLM lands in western Oregon
(fig. 4) that meet ACS objectives and concerns related to ESA-listed fish (fig. 5),
while also meeting other management objectives. In both options, the interim ripar-
ian reserves are retained in late-successional reserves (fig. 6), which were primarily
areas with mature and old-growth forests and key habitats for the northern spotted
owl and the marbled murrelet (Brachyramphus marmoratus) (Thomas et al. 2007),
and in other reserves. Both options focus on the area within one site-potential
tree-height of fish-bearing and non-fish-bearing streams, which we call the riparian
conservation area. On matrix lands, where timber production with thinning and
regeneration harvest is one of the goals (USDA and USDI 1994), and in adaptive
management areas, where innovative adaptive management practices were to be
tried, the riparian conservation area of one tree-height is divided into an inner zone
and outer zone. The inner zone is solely devoted to achieving goals of the ACS; the
outer zone is managed to achieve ACS goals as well as other potential goals, which
could include timber production, achieved through ecological forestry practices.
One option uses a fixed-width approach to divide the riparian conservation area
between the two zones; the other uses a context-dependent approach based on the

ecological characteristics of the stream reach. “Tree-tipping” is used throughout
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Figure 4—Land ownership in western Oregon, with the six study watersheds highlighted.

15



GENERAL TECHNICAL REPORT PNW-GTR-937

Figure 5—Ceritical habitat for the Oregon Coast coho salmon, and Willamette River bull trout, spring Chinook salmon, and summer
steelhead evolutionarily significant units (ESUs), with the six study watersheds highlighted. Critical habitat for the Southern Oregon/
Northern California ESU for coho salmon is not shown because spatial data were not available.

16



Potential Options for Managing Riparian Reserves of the Aquatic Conservation Strategy of the Northwest Forest Plan

Figure 6— Northwest Forest Plan land allocations for western Oregon, with the six study watersheds highlighted.
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the riparian conservation area to ensure that any harvest does not negatively affect
wood recruitment to the stream. Both options limit harvest within one site-potential
tree-height of streams to stands currently less than or equal to 80 years in age. Also,
the recently developed recovery plan for the northern spotted owl and associated
critical habitat (USFWS 2011) (fig. 7) will further limit harvest of mature and old-
growth forest within two site-potential tree-heights of streams and throughout the
matrix.

We first discuss the logic behind the potential options and then simulate the
application of these two options for BLM matrix in six watersheds, along with the

interim riparian reserves for comparison.

Option A

Under option A, all the components of the ACS are applied. Interim riparian
reserves are retained in the late-successional reserves and other special land des-
ignations. In matrix, a riparian conservation area of one site-potential tree-height

is recognized along all streams. For fish-bearing streams in matrix, the riparian
conservation area would be managed solely to achieve goals of the ACS, as would
an inner zone of one-half site-potential tree-height on non-fish-bearing streams

(fig. 8). An outer zone of the riparian conservation area on non-fish-bearing streams
equal to the remaining one-half of a site-potential tree-height could include timber
production as an additional goal (see box 1 for prescriptions that could be consid-

ered in the outer zone).

Scientific considerations for riparian conservation areas along

fish-bearing streams—

A primary purpose of the riparian conservation areas is to maintain the key ecologi-
cal processes that contribute to the long-term productivity of the aquatic ecosystem,
similar to the purpose of the interim riparian reserves of the ACS. These processes
occur almost exclusively within the first site-potential tree-height from the stream
(USDA and USDI 1994), and include the beneficial effects of root strength for bank
stability, litter fall, shading to moderate water temperatures, and delivery of coarse
wood to streams (fig. 9a). In addition, the majority of moderating effects of sedi-
ment delivery to streams from overland erosion associated with upland activities
generally occurs within a distance of one site-potential tree-height (Castelle et al.
1994, Naylor et al. 2012).
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Figure 7—Northern spotted owl critical habitat for Oregon, over Northwest Forest Plan land allocations, with the six study
watersheds highlighted.
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Figure 8—Comparison of the widths of riparian reserves under current federal policy, the inner and outer zones of riparian
conservation areas under potential options A and B, with riparian management areas as they apply to private lands under the
Oregon Forest Practices Rules as contrast.
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Figure 9—(A) Relation of distance from stream channel to cumulative effective-
ness of riparian ecological functions. From: FEMAT (1993, p. V-27); (B) Modified
effectiveness curve for wood delivery to streams as a function of distance from the
stream channel. The curve was changed based on scientific literature developed
since the original curve was portrayed in FEMAT (1993).

One site-potential tree-height from the edge of a stream may not encompass the
entire floodplain of some fish-bearing streams. Forests in floodplains can be impor-
tant sources of large wood that provide a suite of ecological functions (Latterell
and Naiman 2007). In such cases, it is critical to recognize and protect the entire
floodplain. This was accomplished in the ACS by requiring the boundary of the
riparian reserve to extend to the edge of the 100-year floodplain (USDA and USDI

1994). That requirement would be retained under options A and B. In any case,
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most fish-bearing streams on BLM lands in western Oregon are small to medium in
size, without extensive floodplains. As a result, one site-potential tree-height should
be sufficient to retain the full suite of ecological processes in most situations.

A primary purpose for the extension of the boundary of the riparian reserve of
the Northwest Forest Plan from one site-potential tree-height to two on fish-bearing
streams was to protect and enhance the microclimate of the riparian ecosystem
within the first tree-height (USDA and USDI 1994). Research on the effects of
clearcutting on microclimatic conditions in adjacent upland forest stands (Chen
et al. 1993) found that the influence (of the clearcut) extended from yards (e.g.,
soil moisture) to hundreds of yards (e.g., wind velocity) into adjacent unharvested
stands. Based on the initial work of Chen et al. (1993), FEMAT (1993) hypothesized
that a second tree-height could provide significant benefits to riparian reserves in
terms of relative humidity and other microclimatic effects in the riparian reserve
along fish-bearing streams (FEMAT 1993, fig. V-13, p. V-27).

In the years since the ACS and associated ecological function curves were
originally formulated, a number of research efforts have examined the effects of
forest management on microclimate in riparian areas. The vast majority of this
work has focused on small, headwater streams; few studies were conducted along
larger streams (see review by Moore et al. 2005; Olson et al. 2007, 2014). The
magnitude of harvest-related changes in microclimate in riparian areas is usu-
ally inversely related to the width of the riparian buffer and the type and extent
of management activities on the outer edge. The extent varied from a distance of
30 m (Anderson et al. 2007, Rykken et al. 2007) to 45 m (Brosofske et al. 1997)
from the stream. A microclimate “stream effect” counteracts harvest edge effects,
reducing the distance of climate effects in riparian zones (Rykken et al. 2007) from
those projected by Chen et al. (1993) in uplands. Hence, the FEMAT microclimate
curves are not necessarily accurate for riparian areas with a strong stream effect.
As aresult, a one tree-height buffer on fish-bearing streams has been suggested as
a means to substantially reduce potential impacts of harvesting in areas on the edge
of the riparian reserve on riparian microclimate and water temperature (Brosofske
et al. 1997, Moore et al. 2005).

Uncertainties exist in reducing the size of the Northwest Forest Plan’s ripar-
ian reserves. One concern is the potential for increased warming of streams. The
scientific evidence is mixed on this issue (see review by Moore et al. 2005); gener-
ally, the smaller the riparian area and the more extensive the activities, the greater
the effect on stream temperature. Pollock et al. (2009) examined water temperatures
in watersheds with varying extent of timber harvest. They found that watersheds

with no harvest had statistically lower water temperatures than those with varying
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amounts (12.1 °C vs. 14.5 °C). Although the differences are statistically significant,
the ecological consequences are less clear. The higher temperatures are still well
within the range considered suitable for native fish (not mentioned by the authors)
and below state standards in Oregon (ODEQ 2015). Additionally, Pollack et al.
(2009) found that the amount of recently clearcut riparian forest (<20 years) within
600 m upstream of their monitoring sites ranged from 0 to 100 percent and was not
correlated with increased stream temperatures. However, the options we evaluated
do not allow clearcutting in riparian areas.

Other factors such as substrate (Janisch et al. 2012, Johnson 2004) and topo-
graphic shading can influence water temperatures as much as, and perhaps more
than, shade from streamside forests. Although there is a potential for streams to
warm as a result of silvicultural activities, the likelihood is very small when harvest
takes place beyond one tree-height. This is especially applicable to small streams
because temperature increases in headwater streams are unlikely to produce sub-
stantial changes in the temperatures of larger streams into which they flow, unless
the total inflow of heated tributaries constitutes a significant proportion of the total
flow in the receiving stream (Kibler et al. 2013, Moore et al. 2005).

Scientific considerations for riparian conservation areas along
non-fish-bearing streams—

Effect on microclimate and water temperature—Anderson et al. (2007) conducted
one of the more comprehensive studies on the effect of vegetation manipulation

in riparian areas of varying sizes, in stands 30 to 70 years old. They monitored
microclimatic conditions in riparian areas on fish- and non-fish-bearing headwater
streams in western Oregon that had varying widths (<49 to 492 ft [14.9 to 150 m])
and moderate levels of thinning (reducing trees from 250—432 trees per acre to 100
trees per acre), and measured changes in microclimate above the stream channel
and in the adjacent riparian zone, relative to unthinned stands. With riparian man-
agement areas of 49 ft or greater width, daily maximum air temperature above the
stream center was less than 1°C higher, and daily minimum relative humidity was
less than 5 percent lower than for unthinned stands. If the area adjacent is clearcut,
a 98.5-ft (30-m) riparian management area maintains microclimatic conditions
(Rykken et al. 2007).

Under option A, the inner zone of the resource conservation area along non-
fish-bearing streams managed solely to achieve the goals of the ACS equals one-
half the height of a site-potential tree (minimum distance of 75 ft [22.9 m]). This
width is greater than the 49-ft (15.9-m) threshold width reported by Anderson et al.
(2007); at greater widths, post-treatment air temperature and humidity at stream

center increased less than 1 °C and 5 percent, respectively. Strategic placement of
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aggregate or dispersed retention during variable-retention harvest (recommended as
one-third of the preharvest stand) should help ameliorate potential negative impacts.
As an example, retaining trees along the half-tree-height boundary would increase
the effective width of the inner zone. Also, reduction in tree density in the outer
zone could provide benefits, in the form of increased growth of trees, to trees in the
inner zone, up to 49 ft (15 m) into an unthinned stand from the edge of a thinned
stand (Ruzicka et al. 2014). Thus, although the area devoted solely to achieving

the goals of the ACS is smaller than that of the interim riparian reserves, there is
evidence to suggest that the suite of ecological benefits should be retained as part
of a comprehensive approach that includes ecological forestry and tree-tipping (fig.
10).

Relative to temperature effects, non-fish-bearing streams tend to be narrow
channels in steeper constrained valleys (Gomi et al. 2002, Moore et al. 2005).
Near-stream vegetation and topographic features often shade the entire channel in
such settings (Janisch et al. 2012), thus the application of the curve for shade in the
FEMAT ecological curves graph (fig. 9a) is not necessarily appropriate. In addition,
water temperatures in headwater streams are strongly influenced by in-channel
substrate (Janisch et al. 2012, Johnson 2004). Neither of these factors would be
affected by narrowing the riparian management areas, and adopting option A for
non-fish-bearing streams is not anticipated to increase water temperatures in these

streams.

Effect on amphibians—Olson et al. (2007) reviewed studies of the effects of
timber harvest activities, inside and outside of riparian reserves, on microclimatic
conditions and amphibians. They concluded that relatively narrow buffers (com-
pared to those of the Northwest Forest Plan) can be effective in maintaining mi-
croclimates 33 to 66 ft (10 to 20 m) from the stream center, although the type of
upland harvest matters (Rykken et al. 2007). Potential concerns about microclimate
can be further reduced by minimizing clearcutting along the outer boundary of
riparian management areas (Anderson et al. 2007, Kluber et al. 2008, Moore et al.
2005). As mentioned previously, clearcutting is not part of the silvicultural strategy
under ecological forestry; strategically placing aggregated retention patches during
harvest should help allay concerns. Instream and streambank amphibians were re-
tained with a 49-ft (15-m) riparian management area through two rounds of upslope
harvest in headwater streams in the Coast and Cascade ranges of western Oregon
(Olson and Burton 2014). Management of the one-half of a site-potential tree-height
(minimum distance of 75 ft [22.9 m]) along each side of non-fish-bearing streams

(the inner zone) solely for ACS goals, and using ecological forestry and tree-tipping
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Figure 10—(A) Relation of distance from stream channel to cumulative effectiveness
of factors influencing microclimate in riparian ecosystems. From FEMAT (1993, p.
V-27); (B) Modified effectiveness curve for relative humidity as a function of distance
from the stream channel. The curve was changed based on scientific literature devel-
oped since the original curve was portrayed in FEMAT (1993).

on the distance equal to the other half of a site-potential tree-height (the outer zone)
should be sufficient to maintain favorable conditions for many amphibians (Olson
and Burton 2014).

Headwater streams may also serve as connection corridors within and between
watersheds (Olson and Burnett 2009). Most amphibians moved along the stream
within 45 ft (13.6 m) of the channel (Olson and Kluber 2014). Maintaining a one
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tree-height riparian conservation area on non-fish-bearing streams, with the inner
half (at least 75 ft [22.9 m] in width) solely devoted to the ACS goals of the NWFP
and the outer half managed with ecological forestry, should provide movement
corridors for amphibians and other organisms within and between watersheds.
Retention of the interim riparian reserves in late-successional reserves and other
areas also provides movement corridors. In addition, providing for down wood on
the forest floor during harvest, by tree-tipping, will further reduce potential impacts
on terrestrial salamanders (Olson and Kluber 2014, Rundio and Olson 2007).

Effect on wood recruitment—Allowing ecological forestry in the outer zone of
riparian conservation areas along non-fish-bearing streams with the requirement for
tree-tipping is also unlikely to adversely affect wood recruitment. The graph of the
relationship between the cumulative effectiveness of an ecological process and the
distance (expressed as the height of a site-potential tree) for wood recruitment from
the immediately adjacent riparian area, developed in FEMAT (1993), suggested that
about 60 percent of wood recruitment function occurs within one-half of a tree-
height (fig. 9a). This graph was based on a limited number of studies (McDade et
al. 1990, Van Sickle and Gregory 1990) and the professional judgment of scientists
involved with FEMAT. Since publication of the FEMAT (1993) report, new ex-
aminations of studies on the sources of wood (Spies et al. 2013) and information in
Gregory et al. (2003) suggest that, in the Cascade Range of western Oregon, about
95 percent of the total instream wood inputs from the adjacent riparian area came
from distances that ranged between 82 to 148 ft (25 to 45 m) from the stream. Given
that the height of a site-potential tree in the study area is approximately 180 ft,? this
suggests that 95 percent of the wood comes from a distance equal to 0.46 to 0.82 of
a site-potential tree-height (fig. 9b). This scientific finding compares to the hypoth-
eses expressed in the FEMAT curve (fig. 9a), showing that 95 percent of the wood
recruitment function occurs within a distance equal to about 0.95 of the height of a
site-potential tree. Thus, more of the wood recruitment comes from the inner half
of a site-potential tree-height than assumed in FEMAT; managing this inner half
solely for the goals of the ACS and managing the outer half of the riparian conser-
vation area using ecological forestry and requiring tree-tipping should maintain the
wood recruitment process in non-fish-bearing streams.

Initial analyses (Benda et al. 2015) suggest that placing 15 to 20 percent of the
total volume that would be harvested in the inner zone (thinning) and the outer zone

(thinning and variable-retention harvest) in the channel would result in as much

2 personal communication. Cheryl Friesen, science liaison, Willamette National Forest,
57600 McKenzie Highway, McKenzie Bridge, OR 97413.
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wood in the channel as would accumulate in unharvested stands (table 1). This
amount is likely to be sufficient in most cases, but site-specific analyses can be used
to estimate the amount needed for a given setting. Implementing directional felling
and placement of wood in the channel can present operational challenges. Methods
and procedures need to be developed to ensure that this can be done successfully so

that the goal for wood loading is met.

Option B

Option B is based on the same scientific findings discussed for option A. However,

rather than taking a “one-size-fits-all approach,” this potential option employs a Option B employs a

context-dependent approach that recognizes natural variation in where ecological context-dependent

processes critical to aquatic habitats occur within a watershed, and the inherent approach
capacity of streams to provide habitat for selected fish species. This concept was
not well understood or recognized at the time of the development of the ACS in

the NWEP.

Rationale and concepts for a context-dependent approach to riparian
conservation and management—

Management of riparian areas has almost exclusively used fixed-width buffers, with
the prescribed width determined by the stream size (average flow) or type (presence
or absence of fish) (Richardson et al. 2012). This approach is easy to administer

and apply, and is less costly than developing site-specific recommendations, in part
because of the analysis required for the latter approach. The combination of these
factors and uncertainty about results has limited the development and application of
a context-dependent approach to riparian management.

A key component of the ACS is watershed analysis (FEMAT 1993), which is
supposed to provide the context of a given location for adjusting the boundaries of,
and allowing activities within, riparian reserves. However, the original intent of
watershed analysis was never realized (Reeves et al. 2006), owing to a number of
factors, including cost of analysis and the need to consider a multitude of species
and their ecological requirements (USDA and USDI 1994). Neither FEMAT (1993)
nor the Record of Decision (ROD) (USDA and USDI 1994) provided explicit criteria
for changing the boundaries or demonstrating that proposed changes would meet or
not prevent attainment of ACS objectives over the long term. Finally, there was also
a lack of credible analytical tools to aid decisionmaking (Reeves 2006). As a result,
adjustments proved difficult for the agencies to make, and interim boundaries of
the riparian reserves remained intact in the vast majority of watersheds (Baker
et al. 2006).
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There has been a call in the scientific literature to allow discretion in setting
site-specific activities (Lee et al. 2004). This flexibility is directed toward the
management of riparian areas, and depends on the “context” of (Kondolf et al.
2003, Montgomery 2004) and primary management objective for the specific area
(Burnett and Miller 2007). A mix of approaches could be undertaken that recognize
ecological and other goals, such as timber harvest, especially if applied over larger
spatial scales (Burnett and Miller 2007) and if consideration is given to the distribu-
tion of populations of concern and connectivity among them (Olson et al. 2007,
2014). However, management options (Naiman et al. 2012), and many restoration
efforts (Kondolf et al. 2003), are constrained by a reliance on “off-the-shelf” and
one-size-fits-all concepts and designs, rather than on an understanding of specific
features and capabilities of the location of interest.

There have been few attempts to design and implement a site-specific approach
because available guidelines are vague (Naylor et al. 2012, Richardson et al. 2012).
The best example is the Cissell et al. (1998, 1999) proposal for the Central Cas-
cades Adaptive Management Area. Developed by many of the scientists involved
in creation of the Northwest Forest Plan, the proposal was based on variation in
the disturbance patterns (in this case, wildfire) in the target watershed, and called
for harvest of some older trees and revision of the interim riparian reserves. Only
limited parts of the proposal were ever implemented, however, and adjustments to
riparian reserves were not made, in large part to avoid controversy and protest over
the harvest of mature stands.

Under the context-dependent approach that we use for this potential option, the
division of the riparian conservation area between the inner and outer zone could
be tailored to the specific features and characteristics of individual stream reaches.
Factors considered are: (1) the potential of streams and stream reaches to provide
habitat for different fish species (Burnett et al. 2007); (2) the potential for erosion
of stream-adjacent areas; (3) the potential of a stream to warm if streamside veg-
etation is modified; and (4) the potential of headwater streams to deliver wood to

fish-bearing streams.

Implementing a context-dependent approach—

In option B, the division of the riparian management area between the inner and
outer zones depends on the ecological context of the area. Site features include
intrinsic potential (Burnett et al. 2007) for coho salmon and steelhead, thermal
loading potential and erosion potential for fish-bearing streams, and potential of
non-fish-bearing streams to deliver wood to the locations of interest. To map and

analyze site features in our study watersheds, we employed NetMap (Benda et al.
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2007), a geospatial platform that integrates a suite of models and analysis tools

to provide insights about the landscape context of locations in a timely and cost-
effective manner, as watershed analysis was originally intended to do. NetMap uses
models that are available in the published scientific literature to identify selected
watershed features, such as channel gradient, valley configuration, channel orienta-
tion, and landslide susceptibility, which can be used to establish the context of a
location of interest. We used NetMap to identify and help evaluate these key site
features:

Intrinsic potential of fish-bearing streams—

Intrinsic potential (IP) (Burnett et al. 2007) is an estimate of the capability of a
given stream or stream segment to provide suitable habitat for a given species
(table 2). We used IP to assess the potential of reaches in fish-bearing streams to
provide productive habitat for coho salmon and steelhead, and considered stream
reaches with IP > 0.5 as the “most ecologically sensitive.” Generally, an IP value

of 0.5 to 0.7 represents a moderate capacity for production, and an IP > 0.7 is
considered a high capacity (Burnett et al. 2007). Because of the heightened concern
about fish and fish habitat on BLM and other lands, we recognize stream reaches
with either high or moderate IP values as “most ecologically sensitive” to minimize
potential adverse consequences.

Table 2—Parameters considered in assessing intrinsic potential (IP)
(Burnett et al. 2007) for various fish species

Stream size Ratio of valley
(mean width/active
Species annual flow)  Gradient channel width
mé. st Percent
Coho salmon (Oncorhynchus kisutch) 0.5-30 <1 8-10
Steelhead (anadromous O. mykiss) 0.5-75 2-5 1-5

Thermal loading potential of fish-bearing streams—

This variable was used as the best proxy to represent stream temperatures at the
watershed scale. The susceptibility of a stream reach to warming is strongly influ-
enced by topography and stream orientation, as well as riparian vegetation (Beschta
et al. 1987, Sinokrot and Stefan 1993, Webb and Zhang 1997). Parameters used in
the NetMap model of thermal loading for determining direct beam and diffuse solar
radiation include: (1) topographic shading, (2) channel width, (3) aspect, (4) latitude,
and (5) height and density of streamside vegetation. In concert with NetMap’s solar

radiation model, incoming diffuse, direct, and total radiation for every vertex in a
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stream network was calculated based on hourly intervals on July 20™, on average
the warmest day of the year. Thermal load to a stream reach (watt-hours - m?)

was calculated as the hourly average of all vertices of the reach, summed over all
daylight hours. To evaluate the effect of harvest within the outer zone of the ripar-
ian conservation area on thermal loading at the stream, we modeled two manage-
ment scenarios on each fish-bearing stream reach of the subject watersheds. The
first modeled scenario represented an undisturbed buffer of one tree-height on each
side of the stream, and the second scenario represented a contracted buffer of 100 ft
(30.5 m) on each side of the stream. Modeled vegetation conditions were 70-percent
vegetation density and full tree-heights inside the buffers, and clearcut harvest out-
side of the buffers. The percent increase in thermal loading of the contracted-buffer
model with respect to the thermal loading of the full-buffer model was calculated
for each stream reach. Stream reaches with greater than 10 percent increase in
thermal loading were assigned to the “most ecologically sensitive” category of our

analysis (table 3).

Table 3—Parameters used to determine riparian management classes of different
stream types

Management category Stream type Site criteria

Most ecologically sensitive Fish-bearing Intrinsic potential > 0.5 for any species
OR
Changes in thermal loading > 10 percent
OR

High erosion potential

Non-fish-bearing High probability of delivering sediment
and wood to a fish-bearing stream

Other Fish-bearing All other fish-bearing streams
Non-fish-bearing All other non-fish-bearing streams

Erosion potential of fish-bearing streams and debris flows from
non-fish-bearing streams—

Hillslope gradient is a primary control when determining the type and magnitude
of erosion processes occurring on a landscape (Dunne and Leopold 1978). NetMap
provides estimates of potential erosion based on slope steepness and convergence,
and topographic indicators derived from digital elevation models (Miller and
Burnett 2007, Montgomery and Dietrich 1994). Erosion values from these models
are a relative measure of the probability that sediment will reach a specific stream

segment.
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Debris flow potential is a quantitative measure of the potential for a landslide
or debris flow to reach a specific stream reach. Burnett and Miller (2007) showed
that a relatively small percentage of the landscape is needed to encapsulate the
highest relative probabilities of debris-flow initiation and downstream traversal.
Streams with high initiation probabilities are especially important as potential
sources of wood for fish-bearing streams during landslides and debris flows
(Benda and Dunne 1997a, 1997b; Reeves et al. 2003).

We used the debris-flow susceptibility tools in NetMap (Benda et al. 2007)
for all streams in each watershed to identify both the erosion potential of slopes
adjacent to fish-bearing streams and the debris-flow potential of non-fish-bearing
streams. The debris-flow susceptibility tool in NetMap is based on Miller and Bur-
nett (2007, 2008), and considers four topographic attributes: (1) channel slope, (2)
valley width or confinement, (3) angles of tributary junctions, and (4) cumulative
length of scour and deposition. Values derived indicate the relative potential for
debris-flow movement through a reach. This model lacks a temporal component;
therefore, debris-flow probability values are relative to each individual watershed.
We used the upper quartile of debris-flow probability for each watershed to iden-
tify stream reaches with a high level of either erosion potential (for fish-bearing) or
high debris-flow susceptibility (for non-fish-bearing). Reaches so identified were

considered “most ecologically sensitive.”®

Identifying “most ecologically sensitive” stream reaches—

Fish-bearing stream reaches with an intrinsic potential >0.5 or with an increase in
thermal loading potential >10 percent or adjacent to areas of high erosion potential
were placed in the “most ecologically sensitive” category, as were non-fish-bearing
reaches with a high potential to deliver sediment and wood to fish-bearing streams
(table 3). Stream reaches that did not meet any one of these criteria were placed in
the “other” category.

Under option B, along the “most ecologically sensitive” reaches in fish-bearing
and non-fish-bearing streams, the entire width of the one site-potential tree-height
riparian conservation area would be managed solely for the goals of the ACS.
Reaches classified as “other” could have an inner zone that varies in width, keyed

to stream type: the inner zone is set at 100 ft (30.5 m) on fish-bearing streams and

3 We approximated the high erosion-potential reaches for fish-bearing streams and the high
debris-flow potential reaches in non-fish-bearing streams using the debris-flow potential
algorithm of NetMap. More recent analysis of a subset of watersheds suggests that doing

a separate analysis of each criterion would result in slightly more fish-bearing stream
segments classified as “most ecologically sensitive” and slightly fewer non-fish-bearing
streams placed in this category. These changes would largely balance out, having little or
no effect on the acreage-weighted average percentages reported later in this report.
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Table 4—Management in riparian conservation areas (RCAs) under option B

Size of outer zone
managed to achieve ACS

Size of inner zone
managed solely for

Management category Stream type Size of RCAs ACS goals goals and other goals®
Most ecologically sensitive  Fish-bearing 1 site-potential 1 site-potential N/A
tree-height tree-height
Non-fish-bearing 1 site-potential 1 site potential N/A

Other

Fish-bearing

Non-fish-bearing

tree-height tree-height

Edge of inner zone to
a distance of 1 site-
potential tree-height

1 site-potential
tree-height

Edge of stream to
100 ft (30.5 m)

Edge of inner zone to
a distance of 1 site-
potential tree-height

1 site-potential
tree-height

Edge of stream to
50 ft (15.2 m)

ACS = Aquatic Conservation Strategy; N/A = not applicable.
@ Harvest can occur in stands currently less than or equal to 80 years of age using ecological forestry with tree-tipping.

Requiring variable-
retention timber
harvest under
ecological forestry
with tree-tipping in the
outer zone on “other”
streams, and limiting
activity to stands
currently less than

or equal to 80 years

of age, increases the
likelihood of achieving
ACS goals.
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50 ft (15.2 m) on non-fish-bearing streams (table 4 and fig. 8). As a result, we expect
to minimize potential adverse effects of management on the aquatic ecosystem

and to contribute to achieving ACS goals. The width of the inner zone on non-
fish-bearing streams is based, in part, on Anderson et al. (2007) and Anderson and
Poage (2014), who found that this distance reduces potential effects of harvest on
water temperatures in small streams, as discussed under option A, and maintains
microclimatic conditions, which is particularly important for amphibians. A 50-ft
(15.2-m) inner zone also provides a corridor for amphibian movement along the
stream network (Olson and Kluber 2014). The size of the inner zone on fish-bearing
streams and the requirement for tree-tipping in the outer zone should maintain the
suite of ecological processes, meeting the goals of the ACS.

Requiring variable-retention timber harvest under ecological forestry with
tree-tipping in the outer zone on “other” streams, and limiting activity to stands
currently less than or equal to 80 years of age, also increases the likelihood of
achieving ACS goals. Additionally, strategic placement of aggregate retention
patches in the outer zone during variable-retention harvest (fig. 2) could increase
the effective width of the inner zone beyond what is estimated here.

Relative to maintaining wood delivery processes to fish-bearing streams, option
B has two components: (1) a one tree-height riparian conservation area devoted
solely to achieving ACS goals on fish-bearing streams with high erosion potential
and on non-fish-bearing streams with a high probability of debris-flow delivery to

fish-bearing streams; and (2) a one tree-height riparian conservation area composed
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of an inner zone managed solely for the goals of the ACS and an outer zone man-
aged to achieve ACS goals as well as other potential goals, which could include
timber production. Overall, this forestry approach is designed to ensure mainte-

nance of processes that deliver wood to streams.

Simulating the Potential Options for Managing Riparian
Conservation Areas in Selected Watersheds

We chose six watersheds—Myrtle Creek, Applegate River, Coquille River, North
Umpqua River, McKenzie River, and Smith/Siuslaw Rivers (fig. 4 and table 5)—to
simulate the two options for managing riparian conservation areas. The Myrtle
Creek and Coquille watersheds were chosen because they contain Secretarial

Pilot Projects (see Johnson and Franklin 2012 for more discussion of these pilots).
The Smith/Siuslaw was chosen because it had geologic features and soil stability
different from the two pilot watersheds. The other three watersheds were chosen
because they contain adaptive management areas designated under the NWFP. All
watersheds are predominately forest lands (table 5). The Coquille, Smith/Siuslaw,
and McKenzie support mostly moist forests, while the North Umpqua and Myrtle

Creek have a mixture of moist and dry forests, and the Applegate is predominantly

Table 5—Size, land ownership, and distribution of fish-bearing and non-fish-bearing streams on federal and
nonfederal land ownership for six case-study watersheds in western Oregon

Watershed
Myrtle North Smith-  Weighted
Creek Applegate Coquille Umpqua McKenzie Siuslaw  average
Total acres 76,207 260,525 381,629 591,772 608,072 784,948 450,526
(total hectares) (30863) (105512) (154 560) (239 668) (246269) (317903) (182 463)
Percentage of forest lands 93 92.6 93.5 84.7 89.9 97.1 91.7
Percentage of federal land ownership 41.6 72.7 39.7 66 65.9 56.9 59.6
Percentage of federal matrix 389 57.2 20.9 26.1 49.8 12.0 30.0
Percentage of BLM matrix 38.9 37 20.9 8.7 8.2 9.4 14.1
Miles of streams 562 1,957 2,859 3,556 3,945 5,840 3,970
Stream density (mi/1,000 ac) 7.9 8.1 8.0 7.1 7.2 7.7 7.5
Percentage of fish-bearing streams 41.9 29.1 34.8 17.4 22.4 46.6 31.3
Federal fish-bearing streams 0.9 0.9 0.9 0.8 0.9 1.7 1.1
(mi/1,000 ac)
Nonfederal fish-bearing streams 2.4 1.4 1.8 0.4 0.8 1.9 1.3
(mi/1,000 ac)
Federal non-fish-bearing stream 2.1 4.6 2.1 4.6 35 2.5 33
(mi/1,000 ac)
Nonfederal non-fish-bearing stream 2.5 1.2 3.1 1.3 2.1 1.6 1.8
(mi/1,000 ac)

Note: All information other than total acres is for the forested portion of the watershed.
BLM = Bureau of Land Management.
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dry forest (fig. 1). All except the McKenzie watershed contain critical habitat for the
ESA-listed coho salmon (Oregon Coast and Southern Oregon/Northern California
Evolutionarily Significant Units) (fig. 5). The McKenzie has critical habitat for Wil-
lamette Chinook salmon, steelhead, and bull trout (Salvelinus confluentus) (fig. 5).

The proportion of federal ownership of forests ranges from 42 to 73 percent and
proportion of federal matrix from 12 to 57 percent of the total forest area, depend-
ing on the watershed (table 5 and fig. 4). Most of the remaining forest is privately
owned, with the forest industry being the predominant private owner except in the
Myrtle Creek and Applegate watersheds, where substantial nonindustrial private
(e.g., family forest) ownerships occur. Fish-bearing streams range from 17.4 to 47
percent of the total stream network, depending on the watershed (table 5), with an
acreage-weighted average of 31 percent. Federal forests averaged a lower density of
fish-bearing streams than did nonfederal forests in most watersheds, and a higher
density of non-fish-bearing streams in all but two of the watersheds (table 5).

Lands allocated as BLM matrix, the focus of analysis, covered an average of
14.1 percent (range 8.2-38.9 percent) of the watersheds or a total of 381,527 ac (table
6a). Given a total BLM matrix area in western Oregon (including riparian reserves)
of 1,219,548 ac (USDI BLM 2015, p. 29), our study watersheds cover approximately
31 percent of BLM matrix in western Oregon.*

The analysis of each of our six study watersheds consisted of four steps: (1)
delineate the fish-bearing and non-fish-bearing streams; (2) using the delineated
stream networks, map current riparian policy on federal and private lands, for com-
parison; (3) map option A; (4) classify stream segments based on aquatic ecological
sensitivity criteria for option B and assign the width of inner zones and outer zones

in matrix based on the classification (fig. 11).

Step 1: Delineate the stream network and categorize the streams into
fish-bearing and non-fish-bearing—

NetMap (Benda et al. 2007) delineates the streams in the watershed using a “catch-
ment basin” approach. The initiation size for a stream varies with slope (steeper
areas require less area and a shorter stream length than less-steep areas) and
planform curvature (Clarke et al. 2008, Miller 2003). To validate the accuracy of
NetMap-modeled stream networks, we compared our results to BLM and Oregon
Department of Forestry (ODF) data sets of field-verified stream networks in the

4 The Eastside Management Area shown on page 29 of the Western Oregon Draft
RMP/EIS (USDI BLM 2015) is excluded from the analysis because it lies outside the
area of the Northwest Forest Plan.
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Table 6a—Distribution of area in interim riparian reserves in matrix among different categories undercurrent policy and potential options
A and B for six case-study watersheds on Bureau of Land Management lands in western Oregon

Estimated total area in interim riparian reserves

Option A Option B

Total Current policy Non-fish Mosgggg;ggéca”y Other streams, fish Other streams, non-fish
BLM Inner Outer Inner Outer Inner Outer
Watershed matrix Fish  Non-fish Fish zone zone Fish Non-fish zone zone zone zone

Acres

Myrtle Creek 29,655 4,413 4,624 2,236 2,522 2,624 1,376 1,089 525 334 1,188 2,872
Applegate 96,400 10,420 20,640 5,354 10,960 10,760 3,293 7,892 1,302 760 4,173 9,662
Coquille 80,149 15,630 16,470 8,246 9,081 8,391 3,529 4,420 2,267 2,449 3,067 10,490
North Umpqua 51,261 4,395 10,760 2,268 5,730 5,487 1,501 2,401 420 347 2,457 6,365
McKenzie 49,950 8,367 7,960 4,366 4,323 4,214 2,660 1,921 900 805 1,861 4,759
Smith/Siuslaw 74,113 23,610 11,510 12,440 6,860 7,690 6,794 4,234 2,566 3,077 1,957 8,359
Total 381,527 66,835 71,964 34,910 476 39,666 19,153 21,957 7,980 7,772 14,703 42,507

Fish = fish-bearing streams. Non-fish = non-fish-bearing streams.

Table 6b—Proportion of matrix in interim riparian reserves under current policy and division of that proportion among
different management objectives under potential options A and B for six case-study watersheds on Bureau of Land
Management lands in western Oregon

Proportion of matrix under different management objectives

Current policy Option A Option B
Watershed ACS goals ACS goals Dual goals Matrix goals  ACS goals Dual goals  Matrix goals
Myrtle Creek 0.30 0.16 0.09 0.06 0.14 0.11 0.06
Applegate 0.32 0.17 0.11 0.04 0.17 0.11 0.04
Coquille 0.40 0.22 0.11 0.07 0.17 0.16 0.07
North Umpqua 0.30 0.16 0.11 0.03 0.13 0.13 0.03
McKenzie 0.33 0.17 0.08 0.07 0.15 0.11 0.07
Smith/Siuslaw 0.47 0.26 0.10 0.11 0.21 0.15 0.11
Weighted average 0.36 0.19 0.10 0.06 0.17 0.13 0.06

ACS = Aquatic Conservation Strategy.
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Figure 11—Example of the process of analysis for each study area. A small area of the Myrtle Creek watershed was used for these examples. The stream categories
are not shown here.
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Smith/Siuslaw and Myrtle Creek watersheds. Based on our initial validation assess-
ment, we found that we slightly underestimated the initiation points of headwater
streams (they originate higher in the watershed than we determined using NetMap),
which would cause us to slightly underestimate the extent of non-fish-bearing
streams.

We also compared the fish-bearing determinations between the NetMap analy-
sis and the BLM and ODF data sets. We used a gradient of 10 percent to differenti-
ate fish-bearing from non-fish-bearing streams. Stream reaches with a maximum
downstream gradient of <10 percent are considered fish-bearing, hosting primarily
anadromous and resident salmonids. Stream reaches with a maximum downstream
gradient >10 percent are considered non-fish-bearing, although non-salmonid fishes
such as sculpins (Cottus spp.) may be found there. There was approximately 90-
percent agreement between the NetMap-predicted fish distribution and agency data
sets, with the main difference that the NetMap layer included reaches determined as
fish-bearing that BLM and ODF designated as non-fish-bearing. A potential reason
for this difference is that ODF field verifications assume that there are no fish-
bearing reaches above the first non-fish-bearing reach. In contrast, we identified the
uppermost reach with <l10-percent gradient and designated everything downstream
as fish-bearing. Our NetMap analysis was based on the best available topographic
data available at the time—10-m digital elevation models—which are not able to
discern small, abrupt changes in stream gradient.

As should be expected, the criteria for delineating non-fish-bearing streams
influenced our results (fig. 12). Had we used a higher gradient threshold to differen-
tiate fish-bearing from non-fish-bearing streams, our analyses could have contained
higher proportions of fish-bearing streams, which affects the proportion of the
riparian conservation area managed strictly for ACS objectives. Given an increase
in the gradient threshold for fish-bearing streams, the proportion of the landscape
in which timber production could be one of the goals would decrease under option
A, where fixed-width riparian conservation areas are uniformly applied to all
fish-bearing streams. Under option B, where the width of the zone managed solely
for ACS goals is a function of the ecological context of the stream reach, there
would also be reduction in area available for timber production with an increase in
stream-gradient threshold, but less so than under option A. The ability to modify
parameters based on observed site conditions or new knowledge is a strength of the
NetMap method; fundamental conclusions about the relative effectiveness of the
options evaluated here remain sound even if the parameters for identifying fish-

bearing streams were to be modified.
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Figure 12—Streams delineated as fish-bearing or non-fish-bearing in the six study watersheds. (A) Myrtle Creek; (B) Applegate; (C) Coquille; (D) North Umpqua; (E) McKenzie;
(F) Smith/Siuslaw.
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Figure 12—Continued.
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Figure 12—Continued.
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Figure 12—Continued.
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Figure 12—Continued.
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Step 2: Simulate current riparian management policy—

The NWFP calls for interim riparian reserves of two site-potential tree-heights
along each side of fish-bearing streams and one site-potential tree-height along
each side of non-fish-bearing streams, with a minimum width of 300 ft (91.4 m)

on each side of fish-bearing streams and 150 ft (45.7 m) on each side of non-fish-
bearing streams (fig. 13) (USDA and USDI 1994). On BLM forests in our study, a
site-potential tree-height varies from 155 to 220 ft (47.2 to 67.1 m) (table 7). Thus,
riparian reserve widths vary from 310 to 440 ft (94.4 to 134.2 m) on each side of

a fish-bearing stream and 160 to 220 ft (48.7 to 67.1 m) on each side of a non-fish-
bearing stream (table 7), which results in interim riparian reserves covering an
average of 36 percent of the acre-weighted area of BLM matrix lands in the six
study watersheds (table 6b). For comparison, TNC/WSC (2012, p. 5) estimated that
interim riparian reserves cover 37 percent of BLM western Oregon forests, and the
BLM (2015, p. 28 and 32) estimated that interim riparian reserves cover 38 percent
of its western Oregon forests and 43 percent of matrix lands in these forests under
the No Action (Northwest Forest Plan) alternative.®

Table 7—Modeled site-potential tree-heights and riparian reserve widths on federal lands
under current implementation of the Aquatic Conservation Strategy of the Northwest

Forest Plan

Site-potential Width of riparian reserve each side of stream
Watershed Ownership tree-height Fish-bearing Non-fish-bearing

———————————————————— Feet----------------.

Myrtle Creek BLM 160 320 160
Applegate BLM/USFS 155 310 155
Coquille BLM 210 420 210
North Umpqua BLM/USFS 180/200 360/400 180/200
McKenzie BLM/USFS 180/200 360/400 180/200
Smith/Siuslaw BLM/FS 220/250 440/500 220/250

BLM = Bureau of Land Management; USFS = U.S. Forest Service.
Source: personal communications from federal managers on districts and national forests.

For perspective, we simulated the designated widths of the riparian manage-
ment areas for private lands under the Oregon Forest Practices rules (Adams and
Storm 2011, ODF 2014). Those rules specify different maximum sizes of buffers
based on rate of streamflow and whether or not the stream reach is a domestic water

source or potentially contains fish (fig. 13; table 8). Within that maximum riparian

® The Eastside Management Area shown on pages 28 and 32 of the Western Oregon Draft
RMP/EIS (USDI BLM 2015) is excluded from the analysis because it lies outside the area
of the Northwest Forest Plan.



Figure 13— Northwest Forest Plan interim riparian reserves (current policy) mapped for the six study watersheds. (A) Myrtle Creek; (B) Applegate; (C) Coquille;
o1 (D) North Umpqua; (E) McKenzie; (F) Smith/Siuslaw. NWEFP = Northwest Forest Plan; OFPA = Oregon Forest Practices Act.
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Figure 13—Continued.
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Figure 13—Continued.
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Figure 13—Continued.
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Figure 13—Continued.
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Table 8—Maximum size of riparian management areas in different types and sizes of
streams under the Oregon State Forest Practices rules

Stream type

Type D
Type F (source of
Stream size (used by fish)  domestic water) Type N (all other streams)
Large 30.5 m (100 ft) 21.4 m (70 ft) 21.3 m (70 ft)
Medium 21.4 m (70 ft) 15.2 m (50 ft) 15.2 m (50 ft)
Small 15.2 m (50 ft) 6.1 m (20 ft) Coast and Cascades: 0 m (0 f1)?

Southwest Oregon: Retain understory vegetation
and conifers <15.2 cm (6 in) dbh for 3 m (10 ft)
on either side of the stream on portions of certain
perennial non-fish-bearing streams.

@ The value for the Coast and Cascades, 0 m (0 ft), was used in our modeling simulations.
Sources: Adams and Storm (2011), ODF (2014). http://www.oregon.gov/odf/privateforests/docs/fparulebk.pdf.

management area width for a particular stream type, a specified level of tree basal
area must be achieved before trees can be removed. If that target basal area can be
achieved in less area than the maximum width, the buffer width can be reduced
somewhat, but to no less than 20 ft (6.1 m) from the stream. For private lands in our
study watersheds, we used the maximum widths specified in table 8 for our analy-
ses. Our simulations suggest that about 6 percent of the forest area on private lands
falls within the maximum riparian management area widths. This result is similar

to that found in the Oregon Coast Range in other studies (Johnson et al. 2007).

Step 3: Simulate Option A: a fixed-width division of the riparian conservation
area between inner and outer zones—

As described previously, under option A, the full width of the one site-potential
tree-height riparian conservation area along fish-bearing streams and the inner zone
of one-half site-potential tree-height on non-fish-bearing streams could be managed
solely for the goals of the ACS (fig. 14). An outer zone on non-fish-bearing streams
equal to the additional one-half a site-potential tree-height could be managed to
achieve the goals of the ACS as well as for timber production and other goals (fig.

8). Ecological forestry with tree-tipping could be used in the outer zone.

Step 4: Simulate option B: a context-dependent division of the riparian conser-
vation area between inner and outer zones based on ecological sensitivity—
We classified each steam segment in our study watersheds into “most ecologically
sensitive” and “other” based on our site criteria (table 3). The full one site-potential
tree-height width of the riparian conservation area for the “most ecologically sensi-
tive” reaches and the inner zone along “other” streams could be managed solely for

the goals of the ACS. The outer zone for “other” streams could be managed with
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Figure 14—Simulation of option A riparian conservation area zones for the six study watersheds. (A) Myrtle Creek; (B) Applegate; (C) Coquille; (D) North Umpqua;
(E) McKenzie; (F) Smith/Siuslaw. NWFP = Northwest Forest Plan; OFPA = Oregon Forest Practices Act.
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Figure 14—Continued.
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Figure 14—Continued.

54



Potential Options for Managing Riparian Reserves of the Aquatic Conservation Strategy of the Northwest Forest Plan

Figure 14—Continued.

(&)
[$)]



GENERAL TECHNICAL REPORT PNW-GTR-937

56

Figure 14—Continued.
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timber production as an additional goal, using ecological forestry with tree-tipping.
Figure 15 demonstrates the stream segment delineation in the six study watersheds.
We then applied the prescribed width of the different zones (table 4; fig. 8) to the
classified streams (fig. 16)

In our study, an average of 63 percent (range of 54—74 percent) of fish-bearing
stream miles across all ownerships were classified as “most ecologically sensitive,”
depending on watershed, as were an average of 28 percent (range 23—-32 percent)
of non-fish-bearing streams (table 9). In aggregate, an average of 38 percent (range
37—-40 percent) of the stream network across all ownerships was classified as “most

ecologically sensitive.”

Division of the Interim Riparian Reserves Among Different
Goals Under the Two Options

In matrix—
Compared to the NWFP, the two potential options evaluated here reduce the
portion of the interim riparian reserves in the BLM matrix that has achievement
of the goals of the ACS as a primary objective by approximately 18 percent (range
11-23 percent) (table 10). This reduction results from changing the area of ripar-
ian reserves in matrix from two site-potential tree-heights to one site-potential
tree-height on fish-bearing streams. Under both options, the forest in this second
tree-height in BLM matrix would shift to the terrestrial prescription in the NWFP,
which generally has timber production as one of the management objectives.®

The remainder of existing interim riparian reserves in BLM matrix—one
tree-height on all streams—could be divided into two parts (table 10): 1) an aver-
age of 54 percent (range 53—55) and 46 percent (range 41-54) in options A and B,
respectively, could continue to be managed solely for the goals of the ACS; 2) the
remainder, an average of 29 percent in option A (range 22—36) and 36 percent in
option B (range 33—44), could be managed jointly for ACS and timber production
or other goals. Application of ecological forestry in conjunction with these options
for riparian conservation areas could result in the retention of more forest within
the outer zone of the riparian conservation area in matrix lands than estimated here.
Retention aggregates, particularly the larger aggregates, could be located along fish-
bearing streams (fig. 2). As a result, a portion of the outer zone managed for timber
and ecological values could be assigned to retention patches, increasing the number

of trees in the outer zone.

® Matrix prescription of the Northwest Forest Plan uses variable-retention harvest, although
at a somewhat lower retention rate than recommended for ecological forestry by Franklin
and Johnson (2012).
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Figure 15—Streams classified into ecologically sensitive and other, fish-bearing and non-fish-bearing categories in the six study watersheds. (A) Myrtle Creek;
(B) Applegate; (C) Coquille; (D) North Umpqua; (E) McKenzie; (F) Smith/Siuslaw.
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Figure 15—Continued.
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Figure 15—Continued.
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Figure 15—Continued.



Figure 16—Simulation of option B riparian conservation area zones for the six study watersheds. (A) Myrtle Creek; (B) Applegate; (C) Coquille; (D) North Umpqua;
?n (E) McKenzie; (F) Smith/Siuslaw.
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Figure 16—Continued.
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Table 9—Percentage of fish-bearing and non-fish-bearing streams, by land ownership group, designated as
“most ecologically sensitive” under potential option B in the six case-study watersheds in western Oregon

Percent of stream network in ownership in “most ecologically sensitive” category

Fish-bearing streams Non-fish-bearing streams Total stream network

Acreage- Acreage- Acreage-

weighted weighted weighted
Watershed Federal Nonfederal average Federal Nonfederal average Federal Nonfederal average
Myrtle Creek 56 61 60 24 21 23 31 41 37
Applegate 74 53 68 32 19 28 39 37 39
Coquille 58 58 58 30 27 28 39 39 39
North Umpqua 77 61 74 30 25 29 37 34 36
McKenzie 69 65 67 36 24 32 42 35 40
Smith/Siuslaw 53 55 54 27 28 27 37 43 40
Acreage-weighted 66 58 63 30 25 28 38 39 38

average

Table 10—Proportion of interim riparian reserves in matrix assigned to different management objectives
in potential options A and B for six case-study watersheds on BLM lands in western Oregon

Proportion of interim riparian reserves allocated among management objectives

Option A Option B

Watershed ACS goals  Dual goals Matrix goals ACS goals Dual goals Matrix goals
Myrtle Creek 0.53 0.29 0.18 0.46 0.35 0.18
Applegate 0.53 0.35 0.13 0.54 0.34 0.13
Coquille 0.54 0.28 0.18 0.41 0.40 0.18
North Umpqua 0.53 0.36 0.11 0.45 0.44 0.11
McKenzie 0.53 0.26 0.21 0.45 0.34 0.21
Smith/Siuslaw 0.55 0.22 0.23 0.44 0.33 0.23
Weighted average 0.536 0.286 0.178 0.460 0.362 0.178

ACS = Aquatic Conservation Strategy.

Across all BLM lands in western Oregon—

The change in the proportional area in interim riparian reserves when the entire
BLM landscape in western Oregon is considered is less than what occurs in matrix.
For the No Action Alternative (Northwest Forest Plan), the BLM estimates (USDI
BLM 2015, p. 29) a total acreage in western Oregon of 2,331,989 ac, divided
between matrix (including interim riparian reserves) of 1,219,548 ac (52 percent)
and late-successional and other reserves of 1,112,441 ac (48 percent).” A portion

of matrix is also designated as critical habitat for the northern spotted owl, which

" The Eastside Management Area shown on page 29 of the Western Oregon Draft RMP/
EIS (USDI BLM 2015) is excluded from the analysis because it lies outside the area of the
Northwest Forest Plan.
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Seventy six percent
under Option A and 72
percent under Option
B of interim riparian
reserve on BLM lands
in western Oregon
remain devoted solely
to achieving ACS
goals.

reduces the forest available for harvest from what is estimated here. Matrix near
the coast has the potential for being designated as additional critical habitat for
the marbled murrelet as more sites are found, further reducing the area of matrix
available for harvest. “Survey and Manage” requirements are also likely reduce
the harvestable area of matrix. Thus, our estimate here of 52 percent matrix likely
overestimates matrix area and underestimates reserve area.

Using this percentage of matrix and reserves (outside matrix), approximately 76
percent of the interim riparian reserve area on BLM western Oregon lands under
option A and 72 percent under option B would remain devoted solely to the goals of
the ACS (table 11). An additional 15 percent and 19 percent under options A and B,
respectively, could contribute both to ACS goals and to matrix goals such as timber
production. The overall reduction in the amount of interim riparian reserve area on

the landscape would be 9 percent under both options (table 11).

Table 11—Weighted average percentage of interim riparian reserves (IRR) allocated among different
management objectives from six case-study watersheds on Bureau of Land Management lands in western

Oregon?

Weighted average percentage of interim riparian reserves
allocated among management objectives

Option A Reclassified Option B Reclassified
ACS Dual  Matrix to allow ACS Dual  Matrix to allow
goals goals goals  matrix goals goals goals goals  matrix goals
Allocation of IRR in matrix 53.6 28.6 17.8 46.0 36.2 17.8
Weighted by percentage of 27.8 14.9 9.3 239 18.8 9.3
matrix (52 percent)
Allocation of IRR in reserves 100 0 0 100 0 0
outside matrix
Weighted by percentage of 48 0 0 48 0 0
reserves outside matrix
(48 percent)
Weighted average allocation 75.8 14.9 93 24.2 71.9 18.8 9.3 28.1

of IRR

ACS = Aquatic Conservation Strategy.

#Assumes that Bureau of Land Management matrix and reserves (outside of matrix) in western Oregon have the same proportion in

interim riparian reserves.
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Rates and Intensities of Harvest in the Reclassified Interim
Riparian Reserve

Reclassification of the interim riparian reserves affects the rate and type of harvest
permitted in these areas. We estimate that approximately 24 to 28 percent of existing
interim riparian reserves could potentially have timber production as a goal under
the two options evaluated here (table 11). About one-third of that area would be
returned to matrix prescriptions; the other two-thirds will retain its ACS goals but
could have timber production as an added goal. Commercial thinning up to age 80 in
moist forests and beyond 80 years (to reduce fuels) in dry forests is already allowed
in the interim riparian reserves, although moderated by concerns about threatened
fish stocks. We would expect thinning to continue, although the rate and intensity
might increase somewhat, especially on the portion of the interim riparian reserves
returned to matrix. A potentially more controversial change concerns the application
of variable-retention harvest in moist forests, a silvicultural practice not permitted in
interim riparian reserves. We will focus our discussion here on the potential magni-
tude of that change.

Variable-retention harvest followed by a few decades of diverse early-suc-
cessional ecosystems (figs. 2 and 3) would emphasize the provision of habitat for
early-seral species, a different goal than attempting to create diversity in existing
stands and speeding development of late-successional forests. Also, variable-reten-
tion harvest would provide more harvest volume per acre than thinning, and would
change the appearance of the forest more dramatically.

We would expect that the outer portions of the interim riparian reserves that
could be available for timber harvest under options A or B would be harvested
at about the same rate as the uplands. The BLM estimated that implementation
of the No Action alternative (the NWFP) would result in an average amount of
variable-retention harvest of approximately 43,932 ac per decade for the first two
decades in matrix areas (USDI BLM 2015, p. 277). Across an estimated 691,998 ac
of matrix lands (USDI BLM 2015, p. 29), approximately 6.3 percent of the matrix
would be harvested per decade. Using our watershed case studies and estimates of
the distribution of interim riparian reserves between matrix and late-successional
and other reserves, we estimate that 24 to 28 percent of the interim riparian reserve
area across the landscape would be reclassified to allow timber production as a
management goal under options A and B, respectively (table 11). With a 6.3-percent
variable-retention harvest rate per decade, 3 to 4 percent of the total interim riparian

reserve area could receive a variable-retention harvest over the first two decades.®

8 Calculated as 24.1 x 6.3 x 2 = 3.0 percent for option A and 28.1 x 6.3 x 2 = 3.5 percent for
option B.
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In some watersheds,
private lands contain
the majority of “most
ecologically sensitive”
streams.
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Distribution of Stream Classes Between Landowner Groups

The relative proportion of “most ecologically sensitive” streams varies between
federal and nonfederal (private) lands,? as well as by watershed, and both ownership
types contain significant numbers of these streams (table 9). When private lands lie
in the lower portions of the watershed, such as in Myrtle Creek, a greater propor-
tion of “most ecologically sensitive” fish-bearing streams are found on private lands
(table 9; fig. 12A; fig. 17). When federal and private lands are more intermingled in
the lowlands, as in the Coquille and Smith/Siuslaw (table 9; figs. 12B and 12F; fig.
17), landowners share more equally in the proportion of “most ecologically sensi-

tive” fish-bearing streams.

Potential Impacts on Terrestrial Biodiversity

Many terrestrial species use the area near streams for at least part of their lives, as
acknowledged in FEMAT (1993) and the documents associated with the Northwest
Forest Plan (USDA and USDI 1994, RIEC and IAC 1996). These documents discuss
the “size” of the riparian reserves as being important for some mammals and
amphibians, and the FEMAT summary (p. 1I-31) describes riparian reserves serving
as dispersal habitat for the northern spotted owl. There is also reference to riparian
reserves being important for connecting late-successional reserves for organisms
with limited dispersal capabilities (e.g., fungi, plants, flightless insects, amphibians,
mollusks) (p. [V-187), and a paragraph in the aquatic section (p. V-34) that describes
the importance of riparian reserves as travel and dispersal corridors for terrestrial
animals and plants. Thus, potential changes to riparian reserves need to consider
the effects on these organisms.

We surmise that, in general, effects on terrestrial species of adopting either

option A or option B will be minimal for the following reasons:

1. In the development of the Northwest Forest Plan, much of the evaluation of
effects of different management options on species centered on harvest of
mature and old-growth stands (FEMAT 1993). A number of factors make
harvest of these stands unlikely to any significant degree, including recom-
mendations for their retention in the new Northern Spotted Owl Recovery
Plan (USFWS 2011), prescriptions associated with ecological forestry (box
1), and the approach herein that limits harvest within one tree-height of

streams to stands currently less than or equal to 80 years of age.

%“Private lands,” as defined in our study, include Coquille tribal lands in the
Coquille watershed.
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Figure 17—Proportion of fish-bearing and non-fish-bearing stream length categorized as most ecologically sensitive and other in the six
study watersheds, by ownership. Note that a large proportion of the most ecologically sensitive fish-bearing streams are on private lands.
(A) Myrtle Creek; (B) Applegate; (C) Coquille; (D) North Umpqua; (E) McKenzie; (F) Smith/Siuslaw.
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Figure 17—Continued.
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2. Most of the forest area in the Northwest Forest Plan’s interim riparian

reserves (within two site-potential tree-heights of fish-bearing streams or

one site-potential tree-height of non-fish-bearing streams) would be unaf-

fected by adoption of options A or B.

3. Use of ecological forestry in the riparian conservation areas (one tree-

height along both fish-bearing and non-fish-bearing streams under options

A and B) includes aggregate retention patches that can be placed to aid

movement of organisms with low dispersal capabilities, including mollusks,

mosses, fungi, and lichens (Olson et al. 2007), and can increase the width of

the protected area along the stream beyond what is specified in the option.

4. A relatively low rate of regeneration harvest in the interim riparian reserves

would likely occur.
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5. Although the forest near streams on federal lands has been highlighted as a
potential movement corridor for some species, the fragmented (often check-
erboard) nature of the BLM’s western Oregon forests makes it difficult to
maintain continuous streamside forest across the landscape no matter what
management policies are chosen for federal lands. On the other hand, con-
nectivity along diagonals of the checkerboard ownership has been proposed
(Olson and Burnett 2013, Olson and Kluber 2014) and warrants assessment.

Research Implications

Criteria used to design the riparian conservation area for options A and B rely

heavily on science derived since development of the NWFP, including empirical Monitoring the
studies of the effects of riparian buffers and models of landscape habitat suitability effects of option
or processes that may affect aquatic systems. Research needs include further devel- implementation is
opment of these relevant science themes, as well as monitoring the effects of option imperative.

implementation on specific elements named in ACS objectives. Research on and

monitoring of option implementation can lead to informed adaptive management

to improve the efficacy of riparian management for aquatic-riparian restoration.

Some key research areas include:

1. Assessing the effects of riparian conservation area implementation on ACS
attributes at the spatial scale of whole watersheds. The ACS attributes of inter-
est include instream habitat and water quality, along with aquatic, riparian, and
terrestrial species of concern, including abundance, habitat quality assessment,
habitat use, and dispersal. Specific questions include:
=  What are the differential effects of riparian conservation areas under

option A or B, with ecological forestry implemented upslope?
= Are there cumulative effects if implementation is clustered among

adjacent watersheds in a small area of the NWFP?

2. Validating landscape models with field-derived data for down-wood recruitment
including tree-tipping, thermal loading, and landslide potential. Specifically:
= Do riparian conservation areas under option A or B with ecological
forestry implemented upslope change any assumptions for dynamics
of wood recruitment (e.g., is blowdown more likely?), thermal loading,
or sedimentation processes?
=  What site-specific contexts may need consideration for model
accuracy?
= [s ano-entry zone in the portion of the riparian conservation area spec-

ified for ACS goals necessary, for example to reduce erosion potential?
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=  What temporal considerations are needed for tree-tipping to maximize

efficacy of large wood recruitment to streams?

3. Assessment of efficient placement of aggregated patches of green-tree retention.
For example:
=  What stream, riparian, or upland ecosystem services can be addressed
by patch placement?
= Can patches aid local distribution of sensitive species or habitat

attributes?

Conclusions

It was expected that the boundaries of the interim riparian reserves of the North-
west Forest Plan could and would be modified as a result of watershed analysis.
However, as described previously, this has not happened for a number of reasons
and, as a result, relatively little management has occurred in the reserves, especially
within one tree-height of streams (Reeves 2006). To help provide understanding

of recent scientific information and analysis tools in a management context, we

did an initial ecological evaluation of two potential options that reduce the area of
interim riparian reserves needed to meet the goals of the ACS of the Northwest
Forest Plan, while providing opportunities to achieve other management goals, such
as increased timber harvest and associated revenue from a portion of these lands.
These options fall within the bounds of what was expected by the developers of

the ACS (FEMAT 1993) and the ROD (USDA and USDI 1994), and are based on
science produced since the ACS was developed.

Based on our summary of new science and evaluation of these potential
options, the ACS should continue to be met under either potential option. Both
options employ tree-tipping to ensure that thinning inside riparian reserves does not
reduce the amount of wood falling into the stream. This technique should increase
the compatibility of timber harvest or thinning for restoration and aquatic goals
throughout the area of the Northwest Forest Plan. We also expect that the portion of
the riparian conservation areas managed solely for the goals of the ACS in matrix
in each option is sufficient to maintain water temperatures and microclimate within
ecologically acceptable ranges and minimize the potential for excess erosion. These
options are novel ideas that could be considered for the BLM lands, and are unlikely
to compromise the goals of the ACS. They should be viewed as working hypoth-
eses, much like the interim riparian reserves. Any implementation and subsequent
evaluation of these or similar options would benefit from an adaptive manage-
ment context to assess their effectiveness in meeting ACS goals and for continual

improvement as additional information becomes available over time.
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Placement of a stream reach in the “most ecologically sensitive” category is a
function of achieving a certain threshold value for any one of our three criteria for
fish-bearing streams (intrinsic potential, temperature, or susceptibility to erosion)
or one criterion for non-fish-bearing streams (susceptibility to debris flows) (table
3). We justified our threshold values earlier in this report, but initial sensitivity
analysis suggests that the choice of other threshold values can affect, somewhat, the
segments classified as most ecologically sensitive. Policymakers and managers may
wish to set the thresholds differently, however. For example, IP values of >0.7 could
be used—the value for “high” IP areas (Burnett et al. 2007). This threshold would
identify stream segments with the greatest potential to contribute to conservation
and the recovery of ESA-listed fish species. Additionally, the threshold for inclusion
of a non-fish-bearing stream based on the potential of debris flows to deliver materi-
als to fish-bearing streams could be adjusted from the top 25 percent level that we
used. Burnett and Miller (2007) suggested that greater conservation benefits accrue
with a greater proportion of streams with high debris-flow potential being devoted
to conservation than to timber harvest. However, the use of tree-tipping as one of
the management actions along these streams would help ensure that wood recruit-
ment into them continues, and that wood is available for delivery to fish-bearing
streams from all headwater streams.

Our analysis also suggests that it could be difficult to rely solely on federal
lands to recover and conserve freshwater habitat for native salmonids, including
the ESA-listed coho salmon in western Oregon, given the significant proportion
(approximately half [table 9]) of “most ecologically sensitive” stream segments
that are found on nonfederal lands. The type of analysis done here using NetMap
(Benda et al. 2007) can potentially be useful to watershed councils and others in
identifying where to most effectively direct resources aimed at the protection and
restoration of aquatic ecosystems across the landscape.

Although climate change was not considered in the development of the ACS,
the potential options considered here should provide conditions for organisms to
meet the challenges presented by a warming planet. Freshwater resources, includ-
ing those in the NWFP area, are among the most vulnerable resources to climate
changes (Bates et al. 2008). One of most immediate and pronounced impacts
of climate change will be increased air temperatures (Mote et al. 2003). Water
temperatures are projected to increase as a result (Isaak et al. 2012), although the
extent of change will vary widely (Arismendi et al. 2012). Recent research (Cristea
and Burges 2010, Lawrence et al. 2014, Perry et al. 2015) suggests that adequately
sized and stocked riparian areas can offset the potential effects of climate change on

water temperatures.
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Our analysis focused on how different-sized buffers along fish-bearing streams
in matrix would change the amount of solar radiation (a surrogate for stream tem-
perature) that could reach the water surface. The one site-potential tree-height buf-
fer on fish-bearing streams in option A should be sufficient to prevent any increases
in water temperature. In option B, susceptibility to increases in the amount of solar
radiation reaching the stream was one of the ecological sensitivity criteria: we lim-
ited buffer reductions on fish-bearing streams on matrix lands to those that showed
less than a 10-percent increase in the estimated amount of solar radiation that could
reach the stream on the hottest day of the year. This is a conservative threshold
for changes that could affect water temperature, thus minimizing the potential for
adverse increases in water temperature. Currently, about two-thirds of fish-bearing
streams in matrix on federal lands across our case-study watersheds would retain a
riparian conservation area of one site-potential tree-height. As a result, the riparian
conservation areas should be sufficient to prevent, and potentially offset, increases
in water temperature related to climate change in many systems.

Winter precipitation and flows (Mote et al. 2003, Tague and Grant 2009) are
also likely to increase as a consequence of climate change, which will in turn
increase landslides and debris flows. The potential options focus on increasing the
occurrence of large trees by limiting management to stands <80 years of age, using
tree-tipping into streams, retaining larger riparian conservation areas on non-fish-
bearing streams with the high probability to deliver wood and sediment to fish-
bearing streams, and restricting activities in the more erosive portions of the stream
network. These provisions should help sustain key ecological processes that create
and maintain suitable habitat for fish and other aquatic and riparian-dependent
species through time.

Assuming that the other components of the ACS, including key watersheds,
watershed analysis, monitoring, and standards and guidelines would not change
and that interim riparian reserves in LSRs and other reserved and withdrawn lands
would remain in place, the options evaluated here provide examples of potential
ways to implement the ACS while meeting other management goals and the chal-
lenges of climate change. As estimated above (table 11), 72 to 76 percent of the area
in NWFP interim riparian reserves in the BLM’s western Oregon lands would still
be devoted solely to achieving the goals of the ACS, depending on which option
was chosen. Therefore, we assess the potential for these options to reverse the
progress of the ACS to date or to retard its continued achievement of the ACS goals

as minimal. However, as with the interim riparian reserves, such options should be
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not be viewed as immutable and, therefore, implementation and evaluation in an
adaptive management context (Stankey et al. 2005) would be prudent to enable a

response and adjustments to unforeseen effects in a timely manner.
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When you know: Multiply by: To find:
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Degrees Fahrenheit 0.56 (°F —32) Degrees Celsius

Literature Cited

Adams, PW.; Storm, R. 2011. Oregon’s forest protection laws: an illustrated
manual. Revised 2™ ed. Portland, OR: Oregon Forest Resources Institute. 196
p. http://oregonforests.org/sites/default/files/publications/pdf/OR _For Protect
Laws_2011.pdf. (5 February 2016).

Agee, J.K. 1993. Fire ecology of Pacific Northwest forests. Washington, DC: Island
Press. 493 p.

Ager, A.A.; Finney, M.A.; Kerns, B.K.; Maffei, H. 2007. Modeling wildfire risk
to northern spotted owl (Strix occidentalis caurina) habitat in central Oregon,
USA. Forest Ecology and Management. 246: 45-56.

81



GENERAL TECHNICAL REPORT PNW-GTR-937

82

Anderson, P.D.; Larson, D.J.; Chan, S.S. 2007. Riparian buffer and density
management influences on microclimate in young headwater forests of western
Oregon. Forest Science. 53(2): 254-269.

Anderson, P.D.; Poage, N.J. 2014. The Density Management and Riparian Buffer
Study: a large-scale silviculture experiment informing riparian management in
the Pacific Northwest, USA. Forest Ecology and Management. 316: 90—99.

Arismendi, I.; Johnson, S.L.; Dunham, J.B.; Haggerty, R.; Hockman-Wert,
D. 2012. The paradox of cooling streams in a warming world: regional climate
trends do not parallel variable local trends in stream temperature in the Pacific
continental United States. Geophysical Research Letters. 39(10): L10401.
doi:10.1029/2012GL051448.

Bailey, J.D.; Tappeiner, J.C. 1998. Effects of thinning on structural development

in 40- to 100-year-old Douglas-fir stands in western Oregon. Forest Ecology and
Management. 108(1-2): 99-113.

Baker, D.; Ferguson, C.; Palmer, C.; Tolle, T. 2006. The Northwest Forest
Plan—the first ten years (1994-2003): Implementation monitoring: summary
of regional interagency monitoring results. Tech. Pap. R6-RPM-TP-04-2005.
Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest
Region. 18 p. http:/www.reo.gov/monitoring/reports/10yr-report/implementation/
CPImpleMoniFirstTenYears1-23-06.pdf. (12 November 2014).

Bates, B.; Kundzewicz, ZW.; Wu, S.; Palutikof, J., eds. 2008. Climate change
and water. IPCC Technical Paper VI. Geneva: Intergovernmental Panel on
Climate Change. 210 p. http:/www.ipcc.ch/publications_and_data/publications_
and_data_technical papers.shtml. (25 August 2015).

Beese, W.; Dunsworth, B.G.; Zielke, K.; Bancroft, B. 2003. Maintaining
attributes of old-growth forests in coastal B.C. through variable retention.
Forestry Chronicle. 79(3): 570-578.

Benda, L.; Litschert, S.E.; Reeves, G.; Pabst, R. 2015. Thinning and in-stream
wood recruitment in riparian second growth forests in coastal Oregon and
the use of buffers and tree tipping as mitigation. Journal of Forest Research.
doi:10.1007/s11676-015-0173-2.

Benda, L.E.; Cundy, TW. 1990. Predicting deposition of debris flows in mountain
channels. Canadian Geotechnical Journal. 27: 409-417.

Benda, L.E.; Dunne, T.E. 1997a. Stochastic forcing of sediment routing and

storage in channel networks. Water Resources Research. 33: 2865-2880.



Potential Options for Managing Riparian Reserves of the Aquatic Conservation Strategy of the Northwest Forest Plan

Benda, L.E.; Dunne, T. 1997b. Stochastic forcing of sediment supply to the
channel networks from landsliding and debris flows. Water Resources Research.
33: 2849-2863.

Benda, L.E.; Miller, D.J.; Andras, K.; Bigelow, P.; Reeves, G.; Michael,
D. 2007. NetMap: a new tool in support of watershed science and resource

management. Forest Science. 53: 206-219.

Benda, L.E.; Miller, D.J.; Dunne, T.; Reeves, G.H.; Agee, J.K. 1998. Dynamic
landscape systems. In: Naiman, R.J.; Bilby, R.E., eds. River ecology and
management: lessons from the Pacific coastal ecoregion. New York: Springer:
261-288.

Benda, L.; Poff, N.L.; Miller, D.; Dunne, T.; Reeves, G.; Pess, G.; Pollock,
M. 2004. The network dynamics hypothesis: how channel networks structure
riverine habitats. BioScience. 54(5): 413—428.

Benda, L.E.; Veldhuisen, C.; Black, J. 2003. Influence of debris flows on the
morphological diversity of channels and valley floor, Olympic Peninsula,
Washington. Geological Society of America Bulletin. 115: 1110—1121.

Beschta, R.L.; Bilby, R.E.; Brown, G.W.; Holtby, L.B.; Hofstra, T.D. 1987.
Stream temperature and aquatic habitat: fisheries and forestry interactions.
In: Salo, E.O.; Cundy, T.W., eds. Streamside management: forestry and
fishery interactions. Seattle, WA: Institute of Forest Resources, University
of Washington: 191-232. Chapter 6.

Beschta, R.L.; Rhodes, J.J.; Kauffmann, J.B.; Gresswell, R.E.; Minshall,
GW.,; Frissell, C.A.; Perry, D.A.; Hauer, R. 2004. Postfire management in
forested public lands in the western USA. Conservation Biology. 18(4): 957-967.

Bigelow, P.E.; Benda, L.E.; Miller, D.J.; Burnett, K.M. 2007. On debris flows,
river networks, and the spatial structure of channel morphology. Forest Science.
53(2): 220-238.

Bilby, R.E.; Bisson, P.A. 1998. Function and distribution of large woody debris.
In: Naiman, R.J.; Bilby, R.E., eds. River ecology and management: lessons from

the Pacific coastal ecoregion. New York: Springer: 324-346.

Bisson, P.A.; Bilby, R.E.; Bryant, M.D.; Dolloff, C.A.; Grette, G.B.; House,
R.A.; Murphy, M.L.; Koski, KV.; Sedell, J.R. 1987. Large woody debris in
forested streams in the Pacific Northwest: past, present, and future. In: Salo,
E.O.; Cundy, T.W.,, eds. Streamside management and fishery interactions. Seattle,
WA: Institute of Forest Resources, University of Washington: 143—190.

83



GENERAL TECHNICAL REPORT PNW-GTR-937

84

Brosofske, K.D.; Chen, J.; Naiman, R.J.; Franklin, J.F. 1997. Harvesting
effects on microclimatic gradients from small streams to uplands in western
Washington. Ecological Applications. 7(4): 1188—1200.

Burnett, K.M. 2001. Relationships among juvenile anadromous salmonids, their
freshwater habitat, and landscape characteristics over multiple years and spatial
scales in the Elk River, Oregon. Corvallis, OR: Oregon State University. Ph.D.
dissertation. 71 p. http://www.fs.fed.us/pnw/lwm/aem/people/burnett.html.

(2 December 2015).

Burnett, K.M.; Miller, D.J. 2007. Streamside policies for headwater channels:
an example considering debris flows in the Oregon Coastal Province. Forest
Science. 53(2): 239-253.

Burnett, K.M.; Reeves, G.H.; Miller, D.J.; Clarke, S.; Vance-Borland, K.;
Christiansen, K. 2007. Distribution of salmon-habitat potential relative
to landscape characteristics and implications for conservation. Ecological
Applications. 17(1): 66—80.

Carah, J.K.; Blencowe, C.C.; Wright, DW.; Bolton, L.A. 2014. Low-cost
restoration techniques for rapidly increasing wood cover in coastal coho salmon

streams. North American Journal of Fisheries Management. 34(5): 1003—-1013.

Carey, A.B. 2003. Biocomplexity and restoration of biodiversity in temperate
coniferous forest: Inducing spatial heterogeneity with variable density thinning.
Forestry. 76(2): 127-136.

Castelle, A.J.; Johnson, AW.; Conolly, C. 1994. Wetland and stream buffer size

requirements—a review. Journal of Environmental Quality. 23: 878—882.

Chen, J.; Franklin, J.F.; Spies, T.A. 1993. Contrasting microclimate among
clearcut, edge, and interior of old-growth Douglas fir forest. Agricultural and
Forest Meteorology. 63: 219-237.

Cissell, J.H.; Swanson, F.J.; Grant, G.E.; Olson, D.H.; Gregory, S.V.; Garman,
S.L.; Ashkenas, L.R.; Hunter, M.G.; Kertis, J.A.; Mayo, J.H.; McSwain,
M.D.; Swetland, S.G.; Swindle, K.A.; Wallin, D.O. 1998. A landscape plan
based on historical fire regimes for a managed forest ecosystem: the Augusta
Creek study. Gen. Tech. Rep. PNW-GTR-422. Portland, OR: U.S. Department

of Agriculture, Forest Service, Pacific Northwest Research Station. 82 p.



Potential Options for Managing Riparian Reserves of the Aquatic Conservation Strategy of the Northwest Forest Plan

Cissell, J.H.; Swanson, F.J.; Weisberg, P.J. 1999. Landscape management
using historical fire regime: Blue River, Oregon. Ecological Applications.
9(4): 1217-1231.

Clarke, S.E.; Burnett, K.M.; Miller, D.J. 2008. Modeling streams and
hydrogeomorphic attributes in Oregon from field and digital data. Journal
of the American Water Resources Association. 44(2): 459—-477.
doi:10.1111/5.1752-1688.2008.00175.x.

Cristea, N.C.; Burges, S.J. 2010. An assessment of the current and future thermal
regimes of three streams located in the Wenatchee River basin, Washington

state: some implications for regional river basin systems. Climatic Change.
102(3—4): 493-520.

Dello, K.D.; Mote, PW., eds. 2010. Oregon climate assessment report. Corvallis,
OR: Oregon Climate Change Research Institute, College of Oceanic and
Atmospheric Sciences, Oregon State University. 414 p.

Dieterich, M.; Anderson, N.H. 2000. The invertebrate fauna of summer-dry
streams in western Oregon. Archive fiir Hydrobiologie. 147: 273-295.

Dodson, E.K.; Ares, A.; Puettmann, K.J. 2012. Early responses to thinning
treatments designed to accelerate late successional forest structure in young

coniferous stands of western Oregon, USA. Canadian Journal of Forest Research.
42: 345-355.

Dunne, T.; Leopold, L.B. 1978. Water in environmental planning. New York:
W.H. Freeman and Company. 818 p.

Everest, F.H.; Reeves, G.H. 2007. Riparian and aquatic habitats of the Pacific
Northwest and southeast Alaska: ecology, management history, and potential
management strategies. Gen. Tech. Rep. PNW-GTR-692. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station.
130 p.

Forest Ecosystem Management Assessment Team (FEMAT). 1993. Forest
ecosystem management: an ecological, economic, and social assessment.
Portland, OR: U.S. Department of Agriculture; U.S. Department of the Interior
[and others]. [irregular pagination].

85



GENERAL TECHNICAL REPORT PNW-GTR-937

86

Forsman, E.D.; Anthony, R.G.; Dugger, K.M.; Forsman, E.D.; Anthony, R.G.;
Dugger, K.M.; Glenn, E.M.; Franklin, A.B.; White, G.C.; Schwarz, C.J.;
Burnham, K.P.; Anderson, D.R.; Nichols, J.D.; Hines, J.E.; Lint, J.B.; Davis,
R.J.; Ackers, S.H.; Andrews, L.S.; Biswell, B.L.; Carlson, P.C.; Diller, LV;
Gremel, S.A.; Herter, D.R.; Higley, J.M.; Horn, R.B.; Reid, J.A.; Rockweit,
J.; Schaberl, J.; Snetsinger, T.J.; Sovern, S.G. 2011. Population demography of
northern spotted owls: 1985-2008. Studies in Avian Biology (No. 40). Oakland,
CA: University of California Press. 120 p.

Franklin, J.F.; Berg, D.R.; Thornburgh, D.A.; Tappeiner, J.C. 1997. Alternative
silvicultural approaches to timber harvesting: variable retention harvest systems.
In: Kohm, K. A ; Franklin, J.F., eds. Creating a forestry for the 21%' century.
Washington, DC: Island Press: 111-139.

Franklin, J.F.; Johnson, K.N. 2012. A restoration framework for federal forests in
the Pacific Northwest. Journal of Forestry. 110(8): 429—439.

Franklin, J.F.; Johnson, K.N. 2013. Ecologically based management: a future for
federal forestry in the Pacific Northwest. Journal of Forestry. 111(6): 429-432.

Franklin, J.F.; Johnson, K.N.; Churchill, D.J.; Hagmann, K.; Johnson, D.;
Johnston, J. 2013. Restoration of dry forests in eastern Oregon: a field guide.
Portland, OR: The Nature Conservancy. 202 p.

Franklin, J.F.; Mitchell, R.J.; Palik, B.J. 2007. Natural disturbance and stand
development principles for ecological forestry. Gen. Tech. Rep. NRS-19.
Newtown Square, PA: U.S. Department of Agriculture, Forest Service, Northern

Research Station. 44 p.
Gaines, W.L.; Harrod, R.J.; Dickinson, J.; Lyons, A.L.; Halupka, K. 2010.

Integration of northern spotted owl habitat and fuels treatments in the eastern
Cascades, Washington, USA. Forest Ecology and Management. 260(11): 2045—
2052.

Garman, S.L.; Cissel, J.H.; Mayo, J.H. 2003. Accelerating development of late-
successional conditions in young managed Douglas-fir stands: a simulation study.
Gen. Tech. Rep. PNW-GTR-557. Portland, OR: U.S. Department of Agriculture,

Forest Service, Pacific Northwest Research Station. 57 p.

Gomi, T.; Sidle, R.C.; Richardson, J.S. 2002. Understanding processes and

downstream linkages of headwater streams. BioScience. 52(10): 905-915.



Potential Options for Managing Riparian Reserves of the Aquatic Conservation Strategy of the Northwest Forest Plan

Gregory, S.V.; Meleason, M.A.; Sobota, D.J. 2003. Modeling the dynamics of
wood in streams and rivers. In: Gregory, S.V.; Boyer, K.L.; Gurnell, A.M., eds.
The ecology and management of wood in world rivers. American Fisheries

Society Symposium. 37: 315-335.

Grette, G.B. 1985. The abundance and role of large organic debris in juvenile
salmonid habitat in streams in second growth and unlogged forests. Seattle, WA:
University of Washington. 105 p. M.S. thesis.

Gustafsson, L.; Baker, S.C.; Bauhus, J.; Beese, W.J.; Brodie, A.; Kouki, J.;
Lindenmayer, D.B.; Ldhmus, A.; Martinez Pastur, G.; Messier, C.; Neyland,
M.; Palik, B.; Sverdrup-Thygeson, A.; Volney, W.J.A.; Wayne, A.; Franklin,
J.F. 2012. Retention forestry to maintain multifunctional forests: a world
perspective. BioScience. 62(7): 633—-645.

Harmon, M.E.; Franklin, J.F.; Swanson, F.J.; Sollins, P.; Gregory, S.V.; Lattin,
J.D.; Anderson, N.H.; Cline, S.P.; Aumen, N.G.; Sedell, J.R.; Lienkaemper,
G.W.; Cromack, K., Jr.; Cummins, K.W. 1986. Ecology of coarse woody

debris in temperate ecosystems. Advances in Ecological Research. 15: 133-302.

Hogan, D.L.; Bird, S.A.; Rice, S. 1998. Stream channel morphology and recovery
processes. In: Hogan, D.L.; Tschaplinski, P.J.; Chatwin, S., eds. Carnation Creek
and Queen Charlotte Islands fish/forestry workshop: applying 20 years of coast
research to management solutions. Land Manage. Handb. No. 41. Victoria, BC:

British Columbia Ministry of Forests Research Program: 77-96.

Isaak, D.J.; Wollrab, S.; Horan, D.; Chandler, G. 2012. Climate change effects
on stream and river temperatures across the northwest U.S. from 19802009 and

implications for salmonid fishes. Climatic Change. 113: 499-524.

Janisch, J.E.; Wondzell, S.M.; Ehinger, W.J. 2012. Headwater stream
temperature: interpreting response after logging, with and without riparian
buffers, Washington, USA. Forest Ecology and Management. 270: 302—313.

Johnson, B.L.; Richardson, W.B.; Naimo, T.J. 1995. Past, present, and future
concepts in large river ecology. BioScience. 45(3): 134—141.

Johnson, K.N.; Bettinger, P.; Kline, J.D.; Spies, T.A.; Lettman, L.M.; Garber-
Yonts, B.; Larsen, T. 2007. Simulating forest structure, timber production,
and socioeconomic effects in a multi-owner province. Ecological Applications.
88: 34-47.

87



GENERAL TECHNICAL REPORT PNW-GTR-937

Johnson, K.N.; Franklin, J.F. 2012. Southwest Oregon secretarial pilot projects
on BLM lands: our experience so far and broader considerations for long-term
plans. http://www.blm.gov/or/news/files/pilot-report-feb2012.pdf. (4 December
2015).

Johnson, K.N.; Franklin, J.F. 2013. Recommendations for future implementation
of Ecological Forestry projects on BLM western Oregon forests. http:/
fes.forestry.oregonstate.edu/sites/fes.forestry.oregonstate.edu/files/PDFs/
BLMJohnson Franklin_ APRIL16.pdf. (4 December 2015).

Johnson, K.N.; Franklin, J.F.; Thomas, JW.; Gordon, J. 1991. Alternatives for
management of late-successional forests of the Pacific Northwest. A report to the
Agricultural Committee and the Merchant Marine and Fisheries Committee of
the U.S. House of Representatives by the Scientific Panel on Late-Successional

Forest Ecosystems. Washington, DC: Government Printing Office. 59 p.

Johnson, S.L. 2004. Factors influencing stream temperatures in small streams:
substrate effects and a shading experiment. Canadian Journal of Fisheries and
Aquatic Sciences. 61(6): 913-923.

Karr, J.P.; Chu, EW. 1999. Restoring life in running waters: better biological
monitoring. Washington, DC: Island Press. 220 p.

Keller, E.A.; Swanson, F.J. 1979. Effects of large organic material on channel

form and fluvial processes. Earth Surface Processes. 4: 361-380.

Kelsey, K.A.; West, S.D. 1998. Riparian wildlife. In: Naiman, R.J.; Bilby, R.E.,
eds. River ecology and management: lessons from the Pacific coastal ecoregion.
New York: Springer-Verlag: 235-260.

Kibler, K.M.; Skaugset, A.; Ganio, L..M.; Huso, M.M. 2013. Effect of
contemporary forest harvesting practices on headwater stream temperatures:
Initial response of the Hinkle Creek catchment, Pacific Northwest, USA.
Forest Ecology and Management. 310: 680—691.

Kiffney, P.M.; Richardson, J.S.; Feller, M.C. 2000. Fluvial and epilithic organic
material dynamics of headwater streams of southwestern British Columbia,
Canada. Archive fiir Hydrobiologie. 148: 109—129.

Kluber, M.R.; Olson, D.H.; Puettmann, K.J. 2008. Amphibian distributions
in riparian and upslope areas and their habitat associations on managed forest

landscapes in the Oregon Coast Range. Forest Ecology and Management.
256: 529-535.

88



Potential Options for Managing Riparian Reserves of the Aquatic Conservation Strategy of the Northwest Forest Plan

Kondolf, G.M.; Montgomery, D.R.; Piégay, H.; Schmitt, L. 2003. Geomorphic
classification of rivers and streams. In: Kondolf, G.M.; Piégay, H., eds. Tools in

fluvial geomorphology. New York: John Wiley & Sons: 171-204.
Lancaster, S.T.; Hayes, S.K.; Grant, G.E. 2003. Effects of wood on debris flow

runout in small mountain watersheds. Water Resources Research. 39(6): 1168.
doi:10.1029/2001WR001227.

Lanigan, S.H.; Gordon, S.N.; Eldred, P.; Isley, M.; Wilcox, S.; Moyer, C.;
Andersen, H. 2012. Northwest Forest Plan—the first 15 years (1994-2008):
watershed condition status and trend. Gen. Tech. Rep. PNW-GTR-856. Portland,
OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research
Station. 155 p.

Larson, A.J.; Churchill, D. 2012. Tree spatial patterns in fire-frequent forests
of western North America, including mechanisms of pattern formation and
implications for designing fuel reduction and restoration treatments. Forest
Ecology and Management. 267: 74-92.

Latterell, J.J.; Naiman, R.J. 2007. Sources and dynamics of large logs in a
temperate floodplain. Ecological Applications. 17(4): 1127-1141.

Lawrence, D.J.; Stewart-Koster, B.; Olden, J.D.; Ruesch, A.S.; Torgersen,
C.E.; Lawler, J. J.; Butcher, D.B.; Crown, J.K. 2014. The interactive effects
of climate change, riparian management, and a nonnative predator on stream-

rearing salmon. Ecological Applications. 24(4): 895-912.

Lee, P.; Smyth, C.; Boutin, S. 2004. Quantitative review of riparian buffer
width guidelines from Canada and the United States. Journal of Environmental
Management. 70(2): 170—180.

Lindenmayer, D.B.; Franklin, J.F.; Ldhmus, A.; Baker, S.C.; Bauhus, J.;
Beese, W.; Brodie, A.; Kiehl, B.; Kouki, J.; Martinez Pastur, G.; Messier,
C.; Neyland, M.; Palik, B.; Sverdrup-Thygeson, A.; Volney, J.; Wayne, A.;
Gustafsson, L. 2012. A major shift to the retention approach for forestry can
help resolve some global forest sustainability issues. Conservation Letters. 5:
421-431. doi:10.1111/j.1755-263X.2012.00257.

Lisle, T.E. 2002. How much dead wood in channels is enough? In: Laudenslayer,
W.F. Jr.; Shea, P.J.; Valentine, B.E.; Weatherspoon, C.P.; Lisle, T.E., eds.
Proceedings of the symposium on the ecology and management of dead wood in
western forests. Gen. Tech. Rep. PSW-GTR-181. Albany, CA: U.S. Department

of Agriculture, Forest Service, Pacific Southwest Research Station: 58—-93.

89



GENERAL TECHNICAL REPORT PNW-GTR-937

90

Lisle, T.; Cummins, K.; Madej, M.A. 2007. An examination of references for
ecosystems in a watershed context: results of a scientific pulse in Redwood
National and State Parks, California. In: Furniss, M.J.; Clifton, C.F,;
Ronnenberg, K.L., eds. Advancing the fundamental sciences: proceedings of
the Forest Service National Earth Sciences Conference. Gen. Tech. Rep. PNW-
GTR-689. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station: 118—130. Vol. 1.

May, C.L.; Gresswell, R.E. 2003. Large wood recruitment and redistribution
in headwater streams in the southern Oregon Coast Range, U.S.A. Canadian
Journal of Forest Research. 33: 1352-1362.

May, C.L.; Gresswell, R.E. 2004. Processes and rates of sediment and wood
accumulation in headwater streams of the central Oregon Coast Range. Earth
Surface Processes and Landforms. 28: 409—-424.

McDade, M.H.; Swanson, F.J.; McKee, W.A.; Franklin, J.F.; Van Sickle, J.
1990. Source distance of coarse woody debris entering small streams in western

Oregon and Washington. Canadian Journal of Forest Research. 20: 326-330.

MacDonald, L.H.; Coe, D. 2007. Influence of headwater streams on downstream
reaches in forested areas. Forest Science. 53: 148—168.

McDowell, N.; Brooks, J.R.; Fitzgerald, S.A.; Bond, B.J. 2003. Carbon isotope
discrimination and growth response of old Pinus ponderosa trees to stand
density reductions. Plant, Cell & Environment. 26(4): 631-644.

Meyer, J.L.; Wallace, J.B. 2001. Lost linkages and lotic ecology: rediscovering
small streams. In: Press, M.C.; Huntly, N.J.; Levin, S., eds. Ecology: achievement
and challenge. Malden, MA: Blackwell Science: 295-317.

Miller, D.J. 2003. Programs for DEM analysis. In: Landscape dynamics and forest
management. [CD-ROM]. Gen. Tech. Rep. RMRS- GTR-101CD. Fort Collins,
CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research

Station.

Miller, D.J.; Burnett, K.M. 2007. Effects of forest cover, topography, and
sampling extent on the measured density of shallow, translational landslides.
Water Resources Research. 43: W03433. doi:10.1029/2005WR004807.

Miller, D.J.; Burnett, K.M. 2008. A probabilistic model of debris-flow delivery
to stream channels, demonstrated for the Coast Range of Oregon, USA.
Geomorphology. 94: 184-205.



Potential Options for Managing Riparian Reserves of the Aquatic Conservation Strategy of the Northwest Forest Plan

Minshall, GW.; Cummins, KW.; Peterson, R.C.; Cushing, C.E.; Bruns, D.A_;
Sedell, J.R.; Vannote, R.L. 1985. Developments in stream ecosystem theory.
Canadian Journal of Fisheries and Aquatic Sciences. 42: 1045-1055.

Montgomery, D.R. 2004. Geology, geomorphology, and the restoration ecology of
salmon. GSA Today. 14(11): 4-12. doi:10.1130/1052-5173(2004)0142.0.CO;_2.

Montgomery, D.R.; Dietrich, W.E. 1994. A physically based model for the
topographic control on shallow landsliding. Water Resources Research.
30: 1153—-1171.

Moore, R.D.; Spittlehouse, D.L.; Story, A. 2005. Riparian microclimate and
stream temperature response to forest harvesting. Journal of the American Water
Resources Association. 41: 813—834.

Mote, PW.; Parson, E.A.; Hamlet, A.F.; Keeton, W.S.; Lettenmaier, D.;
Mantua, N.; Miles, E.L.; Peterson, DW.; Peterson, D.L.; Slaughter, R.;
Snover, A.K. 2003. Preparing for climatic change: the water, salmon, and forests
of the Pacific Northwest. Climatic Change. 61: 45—88.

Murphy, M.L.; Koski, K.V. 1989. Input and depletion of coarse woody debris in

Alaska streams. North American Journal of Fisheries Management. 9: 427-436.

Naiman, R.J.; Alldredge, J.R.; Beauchamp, D.A.; Bisson, P.A.; Congleton, J.;
Henny, C.J.; Huntly, N.; Lamberson, R.; Levings, C.; Merrill, E.N.; Pearcy,
W.G.; Rieman, B.E.; Ruggerone, G.T.; Scarnecchia, D.; Smouse, P.E.; Wood,
C.C. 2012. Developing a broader scientific foundation for river restoration:
Columbia River food webs. Proceedings of the National Academy of Sciences of
the United States of America. 109: 21201-21207.

Naiman, R.J.; Beechie, T.J.; Benda, L.E.; Berg, D.R.; Bison, P.A.; MacDonald,
L.H.; O’Connor, M.D.; Olson, P.L.; Steel, E.A. 1992. Fundamental elements
of ecologically healthy watersheds in the Pacific Northwest coastal ecoregion.
In: Naiman, R.J., ed. Watershed management: balancing sustainability and

environmental change. New York: Springer-Verlag: 127-188.

Naylor, B.J.; Mackereth, R.W.; Kreutzweiser, D.P.; Sibley, P.K. 2012. Merging
END concepts with protection of fish habitat and water quality in new direction
for riparian forests in Ontario: a study of science guiding policy and practice.
Freshwater Science. 31(1): 248-257.

91



GENERAL TECHNICAL REPORT PNW-GTR-937

North, M.; Stine, P.; O’Hara, K.; Zielinski, W.; Stephens, S. 2009. An
ecosystem management strategy for Sierran mixed-conifer forests. Gen. Tech.
Rep. PSW-GTR-220. Albany, CA: U.S. Department of Agriculture, Forest

Service, Pacific Southwest Research Station. 49 p.

Olson, D.H.; Anderson, P.D.; Frissell, C.A.; Welsh, H.H., Jr.; Bradford,
D.F. 2007. Biodiversity management approaches for stream-riparian areas:
perspectives for Pacific Northwest headwater forests, microclimates, and
amphibians. Forest Ecology and Management. 246: 81-107. doi:10.1016/
j.foreco.2007.03.053.

Olson, D.H.; Burnett, K.M. 2009. Design and management of linkage areas
across headwater drainages to conserve biodiversity in forest ecosystems. Forest
Ecology and Management. 258S: S117-S126. doi:10.1016/j.foreco.2009.04.018.

Olson, D.H.; Burnett, K.M. 2013. Geometry of forest landscape connectivity:
pathways for persistence. In: Anderson, P.D.; Ronnenberg, K.L., eds. Density
management in the 21% century: west side story. Gen. Tech. Rep. PNW-GTR-880.
Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest
Research Station: 220-238.

Olson, D.H.; Burton, J.H. 2014. Near-term effects of repeated-thinning with
riparian buffers on headwater stream vertebrates and habitats in Oregon, USA.
Forests. 5(11): 2703-2729. doi:10.3390/f5112703.

Olson, D.H.; Chan, S.S.; Thompson, C.R. 2002. Riparian buffers and thinning
designs in western Oregon headwaters accomplish multiple resource objectives.
In: Johnson, A.C.; Haynes, R.W.; Monserud, R.A., eds. Congruent management
of multiple resources: proceedings from the Wood Compatibility Initiative
workshop. Gen. Tech. Rep. PNW-GTR-563. Portland, OR: U.S. Department of

Agriculture, Forest Service, Pacific Northwest Research Station: 81-91.

Olson, D.H.; Kluber, M.R. 2014. Plethodontid salamander distributions
in managed forest headwaters in western Oregon, USA. Herpetological
Conservation and Biology. 9(1): 76—96.

Olson, D.H.; Leirness, J.B.; Cunningham, P.G.; Steel, E.A. 2014. Riparian
buffers and forest thinning: Effects on headwater vertebrates 10 years after
thinning. Forest Ecology and Management. 321: 81-93. http:/dx.doi.org/
10.1016/j.foreco.2013.06.013. (4 December 2015).

92



Potential Options for Managing Riparian Reserves of the Aquatic Conservation Strategy of the Northwest Forest Plan

Oregon Department of Environmental Quality [ODEQ]. 2015. Water Pollution.
Division 41. Water quality standards: beneficial uses, policies, and criteria for
Oregon. 340-041-0028. Temperature. http://arcweb.sos.state.or.us/pages/rules/
oars_300/oar_340/340 041.html. (3 September 2015).

Oregon Department of Forestry [ODF]. 2014. Forest Practice Administrative
Rules and Forest Practices Act. Chapter 629. Salem, OR: Forest Practices
Administration. 94 p.

Perry, D.A.; Hessburg, P.; Skinner, C.; Spies, T.A.; Stephens, S.L.; Taylor,
A.H.; Franklin, J.F.; McComb, B.; Riegel, G. 2011. The ecology of mixed
severity fire regimes in Washington, Oregon, and northern California. Forest
Ecology and Management. 262: 703-717.

Perry, L.G.; Reynolds, L.V.; Beechie, T.J.; Collins, M.J.; Shafroth, P.B. 2015.
Incorporating climate change projections into riparian restoration planning and
design. Ecohydrology. 8(5): 863—879. doi:10.1002/eco.1645.

Pollock, M.M.; Beechie, T.J.; Liermann, M.; Bigley, R.E. 2009. Stream
temperature relationships to forest harvest in western Washington. Journal of
the American Water Resources Association. 45(1): 141-156.

Regional Interagency Executive Committee; Intergovernmental Advisory
Committee [RIEC and IAC]. 1996. Ecosystem analysis at the watershed
scale: federal guide for watershed analysis. Section II: analysis methods and
techniques. Version 2.3. Portland, OR: Regional Ecosystem Office. 87 p. http://
http://www.reo.gov/library/reports/watershd-IIr.pdf. (25 March 2016).

Reeves, G.H. 2006. The Aquatic Conservation Strategy of the Northwest Forest
Plan: an assessment after ten years. In: Haynes, R.W.; Bormann, B.T.; Lee, D.C.;
Martin, J.R., tech. eds. 2006. Northwest Forest Plan—the first 10 years (1994—
2003): synthesis of monitoring and research results. Gen. Tech. Rep. PNW-
GTR-651. Portland, OR: U.S. Department of Agriculture, Forest Service,
Pacific Northwest Research Station: 181-217. Chapter 9.

Reeves, G.H.; Benda, L.E.; Burnett, K.M.; Bisson, P.A.; Sedell, J.R. 1995. A
disturbance-based ecosystem approach to maintaining and restoring freshwater
habitats of evolutionarily significant units of anadromous salmonids in the
Pacific Northwest. In: Nielsen, J., ed. Evolution in the aquatic ecosystem:
defining unique units in population conservation. Bethesda, MD: American

Fisheries Society Symposium. 17: 334-349,

93



GENERAL TECHNICAL REPORT PNW-GTR-937

94

Reeves, G.H.; Burnett, K.M.; McGarry, E.V. 2003. Sources of large woody
debris in the main stem of a fourth-order watershed in coastal Oregon.
Canadian Journal of Forest Research. 33: 1363-1370.

Reeves, G.H.; Williams, J.; Burnett, K.M.; Gallo, K. 2006. The Aquatic
Conservation Strategy of the Northwest Forest Plan. Conservation Biology.
20: 319-329. doi:10.1111/j.1523-1739.2006.00380.x.

Reilly, E. 2012. The Pilot Joe project: dry forest restoration in southwestern
Oregon. Journal of Forestry. 110(8): 442—445.

Resh, V.H.; Brown, AV.; Covich, A.P.; Gurtz, M.E.; Li, HW.; Minshall, GW.;
Reice, S.R.; Sheldon, A.L.; Wallace, J.B.; Wissmar, R.C. 1988. The role of
disturbance in stream ecology. Journal of the North American Benthological
Society. 7: 433—455.

Richardson, J.S.; Naiman, R.J.; Bisson, P.A. 2012. How did fixed-width buffers
become standard practice for protecting freshwaters and their riparian areas
from forest practices? Freshwater Sciences. 31: 232-238. doi:10.1899/11-031.1.

Rieman, B.; Dunham, J.; Clayton, J. 2006. Emerging concepts for management
of river ecosystems and challenges to applied integration of physical and
biological sciences in the Pacific Northwest, USA. International Journal of River
Basin Management. 4(2): 85-97. doi:10.1080/15715124.2006.9635279.

Rosgen, D.L. 1994. A classification of natural rivers. Catena. 22: 169—199.

Rundio, D.E.; Olson, D.H. 2007. Influence of headwater site conditions and
riparian buffers on terrestrial salamander response to forest thinning. Forest
Science. 53(2): 320-330.

Ruzicka, K.J.; Puettmann, K.J.; Olson, D.H. 2014. Management of riparian
buffers: upslope thinning with downslope impacts. Forest Science. 60(5):
881-892.

Rykken, J.J.; Chan, S.S.; Moldenke, A.R. 2007. Headwater riparian microclimate
patterns under alternative forest management treatments. Forest Science.
53(2): 270-280.

Sinokrot, B.A.; Stefan, H.G. 1993. Stream temperature dynamics: measurements
and modeling. Water Resources Research. 29(7): 2299-2313.



Potential Options for Managing Riparian Reserves of the Aquatic Conservation Strategy of the Northwest Forest Plan

Spies, T.A.; Giesen, TW.; Swanson, F.J.; Franklin, J.F.; Lach, D.; Johnson,
K.N. 2010. Climate change adaptation strategies for federal forests of the
Pacific Northwest, USA: ecological, policy, and socio-economic perspectives.
Landscape Ecology. 25: 1185-1199.

Spies, T.A.; Johnson, K.N.; Burnett, K.M.; Ohmann, J.L.; McComb, B.C.;
Reeves, G.H.; Bettinger, P.; Kline, J.D.; Garber-Yonts, B. 2007. Cumulative
ecological and socioeconomic effects of forest policies in coastal Oregon.
Ecological Applications. 88(1): 5-17.

Spies, T.; Pollock, M.; Reeves, G.; Beechie, T. 2013. Effects of riparian thinning
on wood recruitment: a scientific synthesis. Science Review Team Wood
Recruitment Subgroup. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Region. 46 p.

Stankey, G.H.; Clark, R.N.; Bormann, B.T. 2005. Adaptive management of
natural resources: theory, concepts, and management institutions. Gen. Tech.
Rep. PNW-GTR-654. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station. 73 p.

Swanson, M.; Franklin, J.F.; Beschta, R.L.; Crisafulli, C.M.; DellaSala, D.A.;
Hutto, R.L.; Lindenmayer, D.B.; Swanson, F.J. 2011. The forgotten stage
of forest succession: early-successional ecosystems on forest sites. Frontiers in

Ecology and the Environment. 9: 117-125.
Swanson, F.J.; Kratz, T.K.; Caine, N.; Woodmansee, R.G. 1988. Landform

effects on ecosystem patterns and processes. BioScience. 38(2): 92-98.

Tague, C.; Grant, G.E. 2009. Groundwater dynamics mediate low-flow response
to global warming in snow-dominated alpine regions. Water Resources Research.
45(7): W07421. doi:10.1029/2008 WR007179.

The Nature Conservancy; Wild Salmon Center [TNC, WSC]. 2012. Atlas
of conservation values on Bureau of Land Management holdings in western
Oregon. Oregon Explorer. http://oe.oregonexplorer.info/ExternalContent/spatial
data_download/tnc/W_OR_BLM_Atlas full print version.pdf. (25 March
2014).

Thomas, JW.; Franklin, J.F.; Gordon, J.; Johnson, K.N. 2007. The Northwest
Forest Plan: origins, components, implementation experience, and suggestions
for change. Conservation Biology. 20(2): 277-287.

95



GENERAL TECHNICAL REPORT PNW-GTR-937

96

Thomas, JW.; Raphael, M.G.; Anthony, R.G.; Forsman, E.D.; Gunderson,
A.G.; Holthausen, R.S.; Marcot, B.G.; Reeves, G.H.; Sedell, J.R.; Solis,
D.M. 1993. Viability assessments and management considerations for species
associated with late-successional and old-growth forests of the Pacific Northwest.
Washington, DC: U.S. Department of Agriculture, Forest Service. 530 p.

U.S. Department of Agriculture [USDA]. 1992. Final environmental impact
statement on management for the northern spotted owl in the national forests.
Portland, OR: U.S. Department of Agriculture, Forest Service, National Forest
System. 2 vol.

U.S. Department of Agriculture, Forest Service; U.S. Department of the
Interior, Bureau of Land Management [USDA and USDI]. 1994. Record of
decision for amendments for Forest Service and Bureau of Land Management
planning documents within the range of the northern spotted owl. 74 p. [plus
Attachment A: Standards and Guides]

U.S. Department of the Interior, Bureau of Land Management [USDI BLM].
2015. Draft resource management plan/environmental impact statement for the
resource management plans for western Oregon. Portland, OR: Bureau of Land

Management, Oregon State Office. 4 vol.

U.S. Department of the Interior, Fish and Wildlife Service [USFWS]. 2011.
Revised recovery plan for the northern spotted owl (Strix occidentalis caurina).
Portland, OR. 258 p.

U.S. Department of the Interior, Fish and Wildlife Service [USFWS]. 2012.
Endangered and threatened wildlife and plants; designation of revised critical
habitat for the northern owl. https:/federalregister.gov/a/2012-28714.

(25 March 2014).

Van Sickle, J.; Gregory, S.V. 1990. Modeling inputs of large woody debris to
streams from falling trees. Canadian Journal of Forest Research. 20: 1593—-1601.

Vannote, R.L.; Minshall, GW.; Cummins, KW.; Sedell, J.R.; Cushing, C.E.
1980. The river continuum concept. Canadian Journal of Fisheries and Aquatic
Sciences. 37: 130-137.

Wallace, J.B.; Eggert, S.L.; Meyer, J.L.; Webster, J.R. 1997. Multiple trophic
levels of a forest stream linked to terrestrial litter inputs. Science. 277(5322):
102—-104.

Webb, B.W.; Zhang, Y. 1997. Spatial and seasonal variability in the components
of the river heat budget. Hydrological Processes. 11: 79—101.



Potential Options for Managing Riparian Reserves of the Aquatic Conservation Strategy of the Northwest Forest Plan

Webster, J.R.; Benfield, E.F.; Ehrman, T.P.; Schaeffer, M.A.; Tank, J.L.;
Hutchens, J.J.; D’Angelo, D.J. 1999. What happens to allochthonous material
that falls into streams? A synthesis of new and published information from
Coweeta. Freshwater Biology. 41: 687—705.

Wilson, D.S.; Puettmann, K.J. 2007. Density management and biodiversity in
young Douglas-fir forests: challenges of managing across scales. Forest Ecology
and Management. 246(1): 123—134.

Wipfli, M.S.; Gregovich, D.P. 2002. Invertebrates and detritus export from
fishless headwater streams in southeastern Alaska: implications for downstream

salmonid populations. Freshwater Biology. 47(5): 957-970.
Wondzell, S.M.; Hemstrom, M.A.; Bisson, P.A. 2007. Simulating riparian

vegetation and aquatic habitat dynamics in response to natural and anthropogenic
disturbance regimes in the Upper Grande Ronde River, Oregon, USA. Landscape
and Urban Planning. 80: 249-267. doi:10.1016/j.1andurbplan.2006.10.012.

Zimmerman, A.; Church, M. 2001. Channel morphology, gradient profiles and
bed stresses during flood in a step-pool channel. Geomorphology. 40(3—4):
311-327.

97






Pacific Northwest Research Station

Website http://www.fs.fed.us/pnw/

Telephone (503) 808-2592

Publication requests (503) 808-2138

FAX (503) 808-2130

E-mail pnw_pnwpubs@fs.fed.us

Mailing address Publications Distribution
Pacific Northwest Research Station
P.O. Box 3890

Portland, OR 97208-3890




U.S. Department of Agriculture
Pacific Northwest Research Station
1220 SW 3" Ave.

P.O. Box 3890

Portland, OR 97208-3890

Official Business
Penalty for Private Use, $300



	Cover
	Authors
	Abstract
	Executive Summary
	Contents
	Introduction
	The Aquatic Conservation Strategy in the Northwest Forest Plan
	Goals
	Underlying Principles and Concepts
	Box 1: Elements of Ecological Forestry Strategy

	Potential Options for Managing Riparian Reserves on BLM Western Oregon Forests—Design and Scientific Rationale
	Option A
	Option B
	Simulating the Potential Options for Managing Riparian Conservation Areas in Selected Watersheds
	Division of the Interim Riparian Reserves Among Different Goals Under the Two Options
	Rates and Intensities of Harvest in the Reclassified Interim Riparian Reserve
	Distribution of Stream Classes Between Landowner Groups
	Potential Impacts on Terrestrial Biodiversity

	Research Implications
	Conclusions
	Acknowledgments
	Metric Equivalents
	Literature Cited



