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Forested lands of western Oregon provide aquatic habitat for many fish 

and riparian dependent species, including a wide variety of salmon species. 

Current policies set riparian protections using fixed buffers on streams for 

federal and private lands based on stream type or size. These buffers can 

create a series of disjointed riparian protections, as federal lands require 

buffers that are much larger than private lands. In addition, the fixed buffer 

approach is neither flexible nor tailored to aquatic ecosystem values. This 

thesis presents a framework for comprehensively assessing stream networks 

using site specific watershed features and then suggests riparian conservation 

strategies that key stream and riparian protection to aquatic ecosystem values. 

Seven study watersheds were used in this analysis, totaling over 2.5 million 

acres of forested lands in western Oregon. Employing a set of geospatial tools, 



 
 

called NetMap, streams in each watershed were classified into higher and 

lower priorities using criteria of intrinsic potential, erosion/debris flow 

susceptibility, and thermal loading potential. Results demonstrated the 

inherent variability within and among watersheds based on the geomorphic 

and ecological processes determined important for selected salmon species. 

Within each watershed, both federal and non-federal lands had many miles of 

higher priority fish-bearing and non-fish bearing streams, suggesting the need 

for comprehensive, holistic watershed conservation strategies. 

Based on the partitioning of streams into higher and lower priorities, an 

alternative riparian conservation strategy was then modeled for federal lands 

that allocate protection on the basis of the ecological context of a stream 

segment’s potential and particular location while still meeting federal aquatic 

conservation goals and objectives. Possible increases to the land base for long-

term timber production were then identified if this strategy were applied to 

federal Matrix lands. Results demonstrated that 8-30 percent of the current 

riparian buffers could be reallocated to the land base for long-term timber 

production. An additional 26-45 percent of current buffers could be managed 

simultaneously for both timber production and aquatic ecosystem goals. 

Results also provided a framework for targeting of conservation and 

restoration efforts towards higher priority streams within each watershed. As 

many of the most ecologically important streams were located on non-federal 

lands, riparian conservation policies focused on streams classified as higher 

priority on those lands may be needed to protect aquatic species and their 

environments.  
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CHAPTER 1 – INTRODUCTION 

 Throughout the Pacific Northwest, the forested lands of western 

Oregon and the streams that flow through them are recognized for having 

great socioeconomic significance. Pacific salmon and productive forests are 

both perceived as iconic symbols of this area. Disagreement concerning 

whether maintaining a viable timber industry can coincide with conserving 

aquatic ecosystems and their associated salmon species, has caused for 

increased controversy. The dispute has many dimensions; but a major 

component is focused on the conservation of aquatic ecosystems while also 

allowing for a potential increase in the land base for long term timber 

production. Lands in western Oregon form a checkerboard pattern of private 

and federal land ownership (Reeves et al. 2013) with riparian management 

strategies that vary depending on ownership type. Over the last several 

decades, policies have been enacted to allow for timber harvests to occur near 

riparian areas while attempting to also conserve aquatic and riparian habitats. 

These riparian buffer strategies use fixed width buffers and are determined 

using land ownership and stream type or size. Currently, federal lands use an 

Aquatic Conservation Strategy (ACS) (FEMAT 1993) developed during and 

leading up to the implementation of the Northwest Forest Plan (NWFP) (US 

Forest Service and BLM 1994). Private lands use the Oregon Forest Practices 

Rules to guide management of timber activities. However, there is disparity in 

terms of the size and extent of riparian protections between these two 

conservation strategies for watersheds with intermixed private and federal 

land ownership.  
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Current policies in multi-owner watersheds 

 The ACS is a regional strategy applied to aquatic ecosystems on Federal 

lands. The primary goal is to maintain and improve habitat for Pacific Salmon 

and other aquatic and riparian dependent organisms. It was designed to halt 

further degradation in watershed conditions and to improve the ecological 

condition of watersheds in the NWFP area over a period of several years to 

decades (FEMAT 1993). The focus of the plan is to preserve key ecological 

processes, and allow for periodic disturbance events to occur that are essential 

for promoting the long term productivity of aquatic ecosystems. It is 

comprehensive in nature, with short term goals (10-20 years) aimed at ending 

declines in watershed conditions and protecting watersheds that currently 

have high quality habitat and strong fish populations (FEMAT 1993). It also is 

grounded in long-term objectives (100+ years) to develop a series of 

functioning watersheds that support populations of salmon and other aquatic 

species across the entire NWFP area (US Forest Service and BLM 1994).  

 The policy of allocating riparian buffers within the ACS strategy is to 

use the fixed width buffer approach, with the size of the riparian buffer 

varying based on the presence or absence of fish. The ACS requires a buffer 

width on fish-bearing streams equal to two site potential tree heights 

(minimum of 300 feet), where a site potential tree is defined as a tree that has 

attained an average maximum height possible given the conditions where it 

occurs (FEMAT 1993). Non-fish bearing streams are assigned buffer widths of 

one site potential tree height (minimum 150 feet) to provide additional 

support for organisms besides fish that use the area near streams as habitat or 

migratory corridors (FEMAT 1993). The outer boundaries of these riparian 

reserves were fully intended to be interim, and were chosen to protect 
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ecological processes until a watershed analysis could be completed. However, 

much of these interim buffers have remained intact in the majority of 

watersheds to date (Baker et al. 2006). 

 Private lands adhere to a different policy, but the method of allocating 

fixed width riparian buffers across the landscape remains the same. The 

Oregon Forest Practice Rules defines legally mandated policies intended to 

give private forest landowners, commercial loggers, and consulting foresters a 

framework for conserving aquatic ecosystems. This policy specifies riparian 

buffers of different maximum sizes based on the presence or absence of fish 

and rate of stream flow. The largest maximum buffer width required is 100 

feet for a large (>10 cubic feet per second) fish bearing stream. In many 

instances non-fish bearing streams are not required to have riparian buffers 

and timber activities can occur up to the wetted perimeter of the stream (OFRI 

2011). Within the maximum buffer width for any stream type and streamflow 

rate, a specified level of tree basal area must be achieved. Yet, if the target 

basal area requirement can be satisfied in less area than the required 

maximum buffer width, the buffer can be reduced to as little as 20 feet (OFRI 

2011).  

 

Disparity of riparian policy buffer widths  

 In some watersheds that have the checkerboard pattern of intermixed 

land ownership, federal and private parcels immediately adjacent to one 

another can demonstrate the disparity between required buffer sizes. For 

example, in some cases, non-fish bearing stream segments on federal lands 

can have buffers of 150-220 feet, that are directly next to streams on private 

lands with buffers as small as 20 feet or none at all. Federal forests currently 
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have riparian buffers that can occupy as much as 50 percent of the landscape, 

with very little timber harvest allowed to occur within them (Thomas et al. 

2007). Therefore, in Oregon specifically, buffers on federal lands can be several 

times more extensive than on private forests (Johnson et al. 2007). Some states, 

such as Washington, have expanded their private stream protections to closer 

align with federal buffer strategies (Olsen et al. 2007). However, over the last 

two decades, stream and riparian protection policies for Oregon private lands 

have changed very little. In last 15 years, some research has suggested that the 

Oregon Forest Practice Rules are not adequately protecting aquatic ecosystems 

and Pacific salmon, in part because of the lack of tree buffers on non-fish 

bearing streams (Botkin et al. 1995, IMST 1999) and questions concerning 

inadequate stream temperature control (State of Oregon Department of 

Forestry 2011).  Awareness of this disparity, coupled with several other 

factors, has caused for some to call for a reexamination of our riparian buffer 

strategies (O&C Report 2013) with potential reductions of buffers on federal 

lands and new strategies for private.    

 

Social and political pressures to change riparian buffer strategies 

 Recent social and political pressure has been mounting towards 

changing the size and distribution of stream buffers for some federal lands 

(O&C Report 2013). This is with the goal of enabling a reduction of some 

federal buffers to increase the land base for long term timber production. 

Federally owned portions of the checkerboard lands (Matrix) in western 

Oregon historically provided almost 10 percent of the timber harvest for the 

state (Reeves et al. 2013), providing significant economic and employment 

opportunities. In addition, a portion of the revenue from timber sales on 
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federal lands is also given to counties where the lands are located in liu of 

property taxes (often referred to as county payments). Following the 

implementation of the NWFP, timber harvests on federal lands have been 

lower than expected, resulting in high unemployment in logging and wood 

production sectors, and reduced county payments (Reeves et al. 2013). In the 

past, Congress has appropriated funds to compensate counties for this loss of 

revenue, however given the current fiscal status it is unclear if this 

compensation will continue. When combined, these factors have resulted in 

sizeable political pressure to increase the federal land base for timber 

production.  

 

Scientific justification for reexamining riparian buffer strategies 

 Recent scientific advancements have also shown that changes to 

riparian buffer strategies should be considered. New aquatic and riparian 

research has begun to recognize that there is considerable variation in the 

productive capacity and strength of ecological processes among, and within, 

watersheds. This variability has been shown to be throughout the watershed, 

and affects both federal and private lands. New advancements in the 

understanding of aquatic ecosystems is predicated on three new perceptions: 

1) that aquatic ecosystems are dynamic in space and time, 2) a recognition of 

the ecological importance of non-fish bearing streams, and 3) that there is 

variation based on the geomorphic setting of a watershed to provide quality 

habitat for salmon species. Emerging science has contributed to these new 

perceptions in several ways: 

 Streams are dynamic in both space and time (Naiman et al. 1992) and 

experience a potential range of conditions (Wimberly et al. 2000) that 
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depends on the location within a stream network, time since last 

disturbance, and the legacy of the disturbance (Reeves et al. 1995, 

Rieman et al. 2006, Wondzell et al. 2007, Reeves et al. 2006).   

 Small fishless headwater streams are among the most dynamic portions 

of the stream network and are sources of sediment (Benda and Dunne 

1997a,b, Zimmerman and Church 2001) and wood (Reeves et al. 2003, 

May and Gresswell 2003, Bigelow et al. 2007) for fish bearing streams, 

and provide habitat for several species of native amphibians (Kelsey 

and West 1998) and macroinvertebrates (Meyer and Wallace 2001). 

 The presence of large wood from headwater streams influences the 

behavior of landslides and debris flows, and the response of the stream 

channel to such events. Large wood forms and influences the size and 

frequency of habitat units for fish and other organisms that depend on 

aquatic and riparian habitats (Bilby and Bisson 1998, Bilby and Ward 

1989, Wallace et al. 1995).  

 The size of pieces and amount of wood in the channel influence the 

abundance, biomass, and movement of fish (Fausch and Northcote 

1992, Harvey and Nakamoto 1998, Harvey et al. 1999, Murphy et al. 

1985, Roni and Quinn 2001).  

 The capability of a given stream to provide high quality habitat for 

salmon species can vary within each watershed (Burnett et al. 2007). 

The intrinsic potential of a stream is the quantitative measurement of its 

ability to potentially provide habitat for a given fish species, based on 

the geomorphic setting of a specific stream reach (Burnett et al. 2007).  

 

 Current riparian buffer strategies do not address the inherent variation 

in these three processes and new perceptions of aquatic ecosystems. Rather, 
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they prescriptively allocate riparian buffers consistently across a watershed, 

without taking into consideration the ecological attributes that are important 

for a specific area of interest. These new perceptions of the aquatic ecosystem 

help to frame the need for evaluating watersheds from larger scales that focus 

on the ecological processes that promote healthy aquatic environments. Using 

site specific watershed attributes such as streams being dynamic, the 

importance of small headwaters streams, the delivery of wood and debris flow 

susceptibility, and measurements of the geomorphic capability of streams to 

provide habitat for salmon, can provide insights into understanding and 

exploring the variability within watersheds from a holistic perspective across 

land ownership types.  

 

Integration of new science with new analysis tools 

 New geospatial technology created by Earth Systems Institute (Seattle, 

WA), called NetMap (Benda et al. 2007), can quantitatively and spatially 

recognize the variability within a watershed.  By integrating recent aquatic 

science into a set of numerical models and spatial analysis tools, NetMap 

allows for the investigation and understanding of the ecological context of 

specific stream reaches. Site specific watershed features such as topography, 

geology, erosional properties, stream temperature, and wood recruitment can 

be analyzed for any specific stream reach. The purpose of these analytical 

tools is to provide the ability to incorporate multiple site specific values 

deemed most important to aquatic species into ecologically comprehensive 

conservation strategies. Using this advanced geospatial tool, new approaches 

can be explored in terms of the way that riparian areas are evaluated and 

managed. By understanding the ecological importance of a stream segment 
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relative to the whole watershed, buffer strategies could then be developed that 

are reflective of where riparian protection is most needed. 

 

Using new tools and recent science to develop a framework for watershed 

conservation 

 The purpose of this research is to combine the spatial and quantitative 

analysis of NetMap with emergent riparian science, to evaluate the variability 

within a watershed. With the capability to determine the variation within a 

watershed and identify areas of importance, alternative riparian management 

strategies can be explored an evaluated. First, a framework for determining 

the ecological context of a watershed is developed (Chapter 2). This 

framework is based on aquatic ecosystem values recently identified in 

published literature and recognizes the most important stream segments 

within a watershed. A criteria based system that classifies each stream reach 

within a watershed into higher or lower priorities is used to demonstrate the 

variability among, and within, three watersheds for western Oregon. In 

addition, preliminary validation work is presented to determine the accuracy 

of computationally derived stream networks and theoretical fish presence 

determinations made using tools in NetMap (Appendix 1). NetMap derived 

stream network data are compared with two small field observed datasets 

from the Bureau of Land Management and the Oregon Department of 

Forestry. 

 Then, using this classification scheme developed in Chapter 2, riparian 

management strategies are modeled for federal lands (Chapter 3). A riparian 

buffer strategy is developed that tailors stream and riparian protection to the 

classification of higher and lower priority stream segments. Potential impacts 
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of implementation on Federal Matrix lands are then assessed, and possible 

increases to the land base for long term timber production are identified. 

Riparian management strategies are not modeled for private lands, however, 

alternatives to the current private riparian management strategies are 

presented. Furthermore, this chapter provides a platform for consideration of 

private conservation efforts through the specific targeting of important 

streams developed in the classification analysis in Chapter 2. By combining 

suggested riparian management strategies presented for private and federal 

lands, this chapter seeks to holistically approach riparian conservation across 

all lands and ownership types. 

 When the work presented in this thesis is used in aggregate, it provides 

a repeatable framework for exploring and developing riparian conservation 

strategies in multi-ownership watersheds for western Oregon forests.  
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Abstract 

This paper presents a criteria based system for identifying the most 

important stream segments relative to aquatic ecosystem values. A collection 

of spatially explicit tools, called NetMap, were used to delineate the stream 

system of a watershed and divide the stream network into fish-bearing and 

non-fish bearing streams. These were further divided into higher and lower 

priorities for each stream segment using criteria of intrinsic potential, 

erosion/debris flow susceptibility, and thermal loading potential. This 

approach was applied to three watersheds in western Oregon totaling over 

one million acres. Results demonstrated the inherent variability within, and 

among, watersheds based on the geomorphic and ecological processes 

determined important for Pacific salmon. Generally, non-federal lands had 

larger proportions of higher priority fish-bearing streams, and Federal lands 

tended to have more proportions of lower priority non-fish bearing streams. 

This stream classification, based on ecological values, provides a framework to 

identify areas of higher and lower importance that can quickly and efficiently 

be applied to any watershed in western Oregon.  In addition, it can help to 

identify where activities near streams would be least likely to have adverse 

environmental impacts on aquatic resources and also where within a 

watershed conservation and restoration efforts might be efficiently 

concentrated. 

 

  



16 
 

Introduction 

Protection of streams and adjacent riparian areas in western Oregon 

forests has historically applied a fixed width buffer approach (Olson et al. 

2007). These are typically designed based on the size or type of stream 

(Richardson et al. 2012) and are easy to administer and apply across large 

landscapes. There have been recent scientific developments advocating for 

allowing some flexibility in setting site specific activities and guidelines (Lee 

et al. 2004) for riparian areas. This flexibility is geared towards the protection 

of aquatic ecosystem values, with management of riparian areas would vary 

depending on the context of the specific location (Montgomery 2004, Kondolf 

et al. 2003). However, the cost of developing alternative riparian strategies 

tends to be high because of required watershed analysis and available 

guidelines are vague (Richardson et al. 2012). The combination of these factors 

and uncertainty about results, has limited the development and application of 

a riparian management strategy keyed to aquatic ecosystem values.  

Current methods of allocating riparian protection fail to address the 

variability among and within watersheds. Aquatic ecosystems are dynamic in 

space and time and experience a potential range of conditions similar to 

terrestrial ecosystems (Reeves et al. 2006). The range of conditions that aquatic 

ecosystems experience through time will differ depending on the natural 

disturbance regime, topographic setting, and geology (Reeves et al. 2006). 

There is variation in the potential of stream reaches to provide habitat for 

different fish species based on the geomorphic setting of a specific reach 

(Burnett et al. 2007). The potential influence of topography and stream 

orientation, as well as riparian vegetation, can also influence water 

temperature (Beschta et al. 1987, Sinokrot and Stefan 1993, Webb and Zhang 
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1997). In addition, the delivery and sources of wood to stream reaches also 

varies among and within watersheds. These ecological attributes should be 

considered when assessing potential management strategies for riparian areas. 

When combined and evaluated, they can provide insights that recognize the 

variation in where processes critical to aquatic habitats occur within a 

watershed, and in the capacity of streams to provide important habitat for 

selected fish species. More broadly, there is inherent variability throughout a 

watershed, which can be expressed using ecological variables that are 

determined to be significant for a specific area of concern.  

Many restoration efforts fail (Kondolf et al. 2003) and management 

options are constrained because of the reliance on “one-size-fits-all” concepts 

and designs, rather than on understanding the specific features and 

capabilities of a location of interest. Current buffers are determined using the 

presence or absence of fish within a stream network; a further partition is 

sometimes based on the average rate of flow. Allocating buffers based on 

these two concepts do not allow for the recognition that there is variation 

within each watershed in terms of its potential to provide habitat, deliver 

wood, and maintain stream temperature. 

There have been several attempts to delineate riparian areas using a 

variety of ecological and aquatic attributes. Previous work has used physical 

characteristics to define riparian areas.  Some of the characteristics used 

include erosion (Sparovek et al. 2002), hydrological and geomorphic features 

(Verry et al. 2004), and functional habitat attributes using geospatial methods 

(Holmes and Goebel 2011). Others have demonstrated the use of biological 

criteria such as amphibian habitat (Semlitsch and Bodie 2003, Perkins and 

Hunter 2006, Crawford and Semlitsch 2007), vegetation patterns (Hagen et al. 

2006, Yang 2007) and species richness (Spackman and Hughes 1995). 
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However, these previous studies do not approach watershed management 

strategies from a holistic perspective that incorporates both physical, 

biological and geospatial methods to comprehensively evaluate riparian areas.  

The current best example of creating riparian buffer strategies tailored 

to site specific attributes is Cissell et al. (1999) for Blue River, Oregon. This was 

an effort completed by a number of scientists familiar with the area. The 

approach used was based on the variation in wildfire patterns within the Blue 

River watershed. Fire was identified as a dominant feature, and a landscape 

management strategy was developed to closely follow interpreted fire 

histories (Cissel et al. 1999). Reserved watersheds were distributed throughout 

the study area across all elevations, and riparian corridors were strategically 

identified in headwater streams with known amphibian populations (Cissel et 

al. 1999). No riparian reserves were established for non-fish bearing streams 

outside of the reserve watersheds. This plan provides a good example of 

incorporating multiple site specific values (fish and amphibian values as well 

as the variation in wildfire patterns) to approach watershed management in a 

holistic manner. The methods described by Cissel (1999) are, however, 

difficult to repeat due to the amount of professional interpretation required, 

highlighting the need for repeatable methods that can evaluate site specific 

features determined important for any watershed chosen for analysis.  

In this paper we outline a repeatable framework for the identification of 

high priority stream segments across a watershed using a set of geospatial 

tools called NetMap. We demonstrate this approach for three western Oregon 

watersheds totaling over one million acres. Site specific features used to 

evaluate the stream networks of each watershed include intrinsic potential 

(Burnett et al. 2007), thermal loading potential, and debris flow susceptibility. 

When combined together, riparian areas may be evaluated at large spatial 
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extents to provide a comprehensive method of recognizing and prioritizing 

the variability of streams segments within a watershed. 

 

Study areas 

Three watersheds in Oregon were chosen to demonstrate the ideas 

presented in this analysis (Table 1, Figure 1). Two of the watersheds (Coquille 

and Myrtle Creek) are part of another study on the use of ecological forestry 

on federal forests (Franklin and Johnson 2012).  The third watershed (Smith-

Siuslaw) was specifically chosen to demonstrate application of the 

methodology to highly unstable watersheds.   All three watersheds contained 

a mixture of federal and private ownerships and contain critical habitat for 

salmon species listed as threatened under the Endangered Species Act.   

 

Methods 

We used a GIS based suite of models, NetMap (Benda et al. 2007), 

created by Earth Systems Institute (Seattle, WA) to demonstrate the ideas 

presented in this analysis for the three study watersheds. NetMap is an 

integrated suite of quantitative models and analysis tools that provide insights 

about the context of locations in a timely and cost efficient manner. It uses 

models that are available in published, scientific literature to identify selected 

watershed features such as channel gradient, valley configuration, channel 

orientation, and debris flow susceptibility. These features can be used to 

establish stream reaches with the most ecologically important riparian areas. 

The focus of this approach is to recognize the variation in where ecological 

processes occur within a watershed and the capacity of specific streams to 
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provide habitat for selected fish species. The use of an advanced geospatial 

tool, such as NetMap, enables for new approaches to be explored in the way 

that riparian areas are evaluated and managed. Buffer widths could then be 

determined based on this partitioning of stream segments. For each study 

watershed we first delineate the fish and non-fish bearing stream network, 

and then classify stream segments based on aquatic ecosystem importance. 

We describe the analysis below and illustrate these ideas with the Mrytle 

Creek case study.   

 

Delineation of fish and non-fish streams 

Our determination of fish bearing streams and non-fish bearing streams 

marks the beginning of the riparian analyses. Determining the fish 

distribution within a stream network consists of two parts: 1) delineating the 

stream network within each watershed, and 2) dividing the streams into fish 

and non-fish bearing categories. First, we utilized NetMap to delineate all 

steams in a watershed using a catchment basin approach. In this analysis, the 

initiation size for a stream varied with slope (steeper areas required less area 

and shorter stream length than less steep areas) and planform curvature (L. 

Benda, Earth Systems Institute, Mt. Shasta, CA, pers. Communication). We 

used a 10 meter digital elevation model (DEM) to assess the stream network 

gradient for each watershed. After the stream network was established, we 

calculated the distribution of fish and non-fish bearing streams within the 

network using a channel gradient threshold. Gradient thresholds of 10% were 

applied, and were assumed to also represent the upper limit of resident fish. 

We assumed no use of upstream reaches by fish with gradients exceeding the 

10% threshold. Based on the gradient analysis, streams were classified as 

either fish-bearing or non-fish bearing. 
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Many watersheds contain artificial barriers such as dams; when fish 

distributions were known to be present above a fish blockage, the fish 

network was corrected to reflect this. NetMap utilizes a fish passage tool that 

allows for individual selections of an area within the stream network to be 

exempted from the gradient threshold. This exemption was used within the 

Mrytle Creek watershed in a portion of the network near the headwaters. Fish 

presence was known to be further up-stream above a gradient blockage, and 

the stream network was corrected to reflect this.  

 

Classification of stream segments based on aquatic ecosystem importance 

 To model stream reaches based on ecosystem importance, we utilized 

three watershed attributes important for the protection and conservation of 

aquatic species and their habitats. Fish-bearing and non-fish bearing stream 

segments were each divided into higher priority and lower priority classes 

based on three site specific features (Table 2 and Figure 2):  

1) Intrinsic potential (IP) is a measure of the capability of a given 

stream segment to potentially provide suitable habitat for a given fish 

species (Burnett et al. 2007). Previous studies have evaluated the 

potential for habitat based on geomorphic criteria, habitat, and 

salmonid abundance (Lunetta et al. 1997, Pess et al. 2002, Steel 2004, 

Burnett et al. 2006). The concept of IP allows for species specific 

assessments of habitats at large spatial extents that were previously not 

computationally possible (Burnett et al. 2007). This criterion is 

determined by ranking a set of watershed attributes with a linear 

weighting scheme ranging from 0 to 1. Mean annual flow, channel 

gradient, and a ratio of floodplain width/channel width were assigned 

values from 0 to 1 for each stream segment. Intrinsic potential (IP) was 
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derived from the geometric mean of the combination of the three 

attributes into a final ranking from 0 to 1 (Burnett et al. 2007). Stream 

reaches with an IP value of > 0.5 were considered the most ecologically 

important. A value of 0.5-0.75 represents a moderate capacity for 

production and > 0.75 is considered a high capacity (Burnett et al. 2007). 

Because of the heightened concern about fish and fish habitat, to 

minimize potential adverse consequences reaches with high and 

moderate IP values (greater than 0.5) were included in the higher 

priority class.   

2) Erosion/Debris flow susceptibility provides a measure of the 

potential for a landslide or debris flow to reach a specific stream reach. 

These episodic disturbance events deliver wood (Harmon et al. 1986) 

and sediment to streams (Bisson et al. 1987). The movement of 

sediment, wood, and other materials through the stream network can 

result in areas of high biodiversity (Johnson et al. 1995, Minshall et al. 

1985). Burnett and Miller (2007) recommend identifying debris flow 

prone terrain and protecting adjacent riparian areas as a priority for 

maintaining sources of wood to the fish bearing portions of a stream 

network. 

Erosion/Debris flow susceptibility is based on 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 probability for debris flow 

movement through a reach. The “susceptibility” is relative because the 

model lacks a temporal component to calculate actual disturbance 

recurrence intervals; therefore, values provide a relative index and not 

precise probabilities. This model was calibrated using landslide 
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inventories following a severe 1996 Pacific Northwest storm event and 

was found to be very accurate (Miller and Burnett 2007). For this 

analysis, these values were used to predict the relative susceptibility for 

direct debris flow impacts on the downstream fish habitat of each 

watershed.  

The upper quartile of all values for each watershed was used to as a 

threshold to estimate a medium to high level of debris flow 

susceptibility. Burnett and Miller (2007) have shown that a relatively 

small percentage of the landscape is needed to encapsulate the highest 

relative probabilities for debris flow initiation and downstream 

traversal for the central Oregon Coast. Therefore, maintaining the 

upper quartile of the relative probabilities derived for each watershed 

should ensure that ecological values are maintained across the 

landscape. As this threshold is based partly on research conducted in 

the Oregon Coast region, which can be highly unstable, debris flow 

susceptibility thresholds should be calibrated to the specific watershed 

of interest when possible.  

3) Thermal loading potential was used as the best proxy for stream 

temperatures given the large size of the areas being evaluated. It has 

been demonstrated that the amount of incoming solar radiation that 

reaches a streams surface is a major component of potential increases in 

stream temperatures (Beschta et al. 1987, Sinokrot and Stefan 1993, 

Webb and Zhang 1997) and resultant effects to aquatic and riparian 

organisms. Increases in stream temperatures have been connected to 

potentially lethal impacts to cold-water fisheries (Brett 1952, Beschta et 

al. 1987, Sullivan et al. 2000), influences competition among and 

between aquatic and riparian species (Reeves et al. 1987, Ward and 
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Stanford 1992, Sullivan et al. 2000), can cause disease impacting aquatic 

species, and can decrease salmonid body mass (Sullivan et al. 2000).  

Parameters used within the NetMap model to determine direct beam 

and diffuse solar radiation include the following: 1) topographic 

shading, 2) channel width, 3) aspect, 4) latitude, and 5) streamside 

vegetation height and density. In concert with ArcMap’s solar radiation 

model, incoming diffuse, direct and total radiation for every vertex in a 

stream network was calculated based on hourly intervals on July 20th 

(typically the hottest day of the year). Thermal energy (watts/m2) was 

calculated as the sum of all vertices for each reach for an entire day. 

Values were calculated for full canopy cover and vegetation density, 

and compared to thermal values associated with regeneration harvests 

(i.e a bare earth model). Stream reaches were converted to a thermal 

percent change.  

The thermal loading potential was considered medium-high if the 

percent change values were above 10%. This estimate of the change in 

thermal loading is likely to be conservative, as it represents the most 

extreme circumstances that stream segments could be susceptible to a 

large percent change. At peak summer temperatures, there may be few 

streams that provide temperature refugia for salmonids (Cavallo 1997, 

Richter and Kolmes 2005). Therefore, using direct, diffuse and total 

radiation from hourly intervals on the hottest day of year allows for the 

spatial determination of streams subject to potentially the most extreme 

temperature increases.  

 

 Fish-bearing streams that exceeded the threshold values for any of the 

criteria (intrinsic potential, erosion/debris susceptibility, or thermal potential) 
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were considered the more ecologically important or higher priority areas and 

assigned to management class 1 (Table 2). Fish-bearing stream segments that 

did not satisfy any of the threshold criteria were assigned to management class 

2. Non fish-bearing stream segments that had a higher potential to deliver 

wood to fish-bearing streams were assigned to management class 3; the 

remaining non-fish bearing stream segments were assigned to management 

class 4.   

 

Results 

Results of this analysis demonstrate the variability within each 

watershed with respect to the proportion of fish-bearing and non-fish bearing 

streams as well as the distribution of higher and lower priority stream 

segments. The following results (Table 3) are summarized below: 

 Using the gradient threshold analysis, fish-bearing streams were 

modeled to occupy 35-47 percent of the total watershed. The Smith-

Siuslaw has the most fish-bearing streams proportionally and the 

Coquille the least.   

 Approximately 21-26 percent of the stream networks within the study 

watersheds were classified as high priority fish-bearing streams 

(management class 1), and 14-22 percent were modeled as low priority 

fish streams (management class 2). 

 Non-fish bearing streams were found to have 12-18 percent of the 

stream network classified as higher priority (management class 3), and 

39-47 percent as lower priority (management class 4). 

 For each watershed, 38-40 percent of the stream network was classified 

as higher priority stream reaches.   
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The variability in aquatic ecosystem values from stream segment to 

stream segment first displayed in the NetMap analysis approach (Figure 2) is 

shown in all three case study watersheds (Figures 3-5). In these study 

watersheds, non-federal lands tend to occupy the lesser gradient portions 

lower in a watershed; federal landownership, generally, is found in the upper 

portions with more dynamic sections of the stream network (Figure 3). In such 

cases, non-federal landowners control more of the higher priority fish-bearing 

streams than do Federal lands. This is most pronounced in the Myrtle Creek 

watershed (Table 3 and Figure 3). When Federal and Non-federal lands are 

more spatially interconnected, as in the Smith-Siuslaw case study (Figure 5), 

the differences between land ownership are not as great (Table 3). Results 

indicated these general trends with respect to the NetMap stream 

classification and land ownership type (Table 3): 

 For the study watersheds, non-federal lands have 14-31 percent more of 

the higher priority fish- bearing streams than federal lands.  

 Non-federal lands on Myrtle Creek and the Coquille have slightly more 

(3-4 percent) of the higher priority non-fish bearing streams, however, 

Federal land ownership on the Smith-Siuslaw has 4 percent more high 

priority non-fish bearing streams than non-federal.  

 The density of streams (reported as miles per 1000 acres) were found to 

be greater for fish-bearing streams on non-federal lands, and greater for 

non-fish bearing streams on federal lands.  

 Within all three watersheds, stream densities were highest in the 

Federal lower priority non-fish bearing category.  

Partitioning these three watersheds by site specific variables and then 

classifying each stream segment as either higher or lower priority allows for 
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the ecological context of each watershed to be quantitatively and spatially 

examined. These results suggest that there is inherent variability among and 

within each watershed, and that the geomorphic setting and ecological 

processes that are important for Pacific salmon and other aquatic and riparian 

dependent organisms is highly site specific. In each of our three case studies, 

results demonstrated general trends; however the most ubiquitous theme 

established is the unique variability of each watershed.  

 

Sensitivity of stream segments to aquatic ecosystem parameter values 

Patterns of stream segments partitioned by intrinsic potential, debris 

flow susceptibility, and thermal loading potential appeared to be relatively 

insensitive to changes to parameter thresholds. When intrinsic potential 

thresholds were increased from > 0.50 to > 0.75, 8% of the fish-bearing stream 

network no longer satisfied the 0.75 threshold criteria in the Smith-Siuslaw 

and Myrtle Creek watersheds. Comparatively, approximately 17% of the fish-

bearing stream network in the Coquille watershed was found to have intrinsic 

potential values between 0.50 and 0.75. Therefore, changing the intrinsic 

potential thresholds as described was found to differ in the fish-bearing 

streams by 8-17%, depending on the watershed of interest. The parameter 

most sensitive to change was found with the debris flow susceptibility feature. 

As a higher or lower proportion of the non-fish bearing streams are identified 

as susceptible to debris flows, a correspondingly higher or lower proportion of 

these streams are put into the higher priority category. 

Sensitivity of the thermal loading parameter was tested by decreasing 

the threshold criteria from a 10% increase to a 5% increase in thermal loading 

potential and percentages of fish-bearing stream segments differed by less 

than 2%. Further examination of the thermal loading tool within NetMap 
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revealed that for both 3 and 10 meter wide stream segments, the amount of 

incoming solar radiation to a stream channel is sensitive with respect to 

vegetation density and buffer widths assigned. NetMap uses a vegetation 

density to simulate the percent of solar radiation that is able to reach a stream 

channel while passing through a defined buffer width. For western Oregon 

Forests it is recommended that a vegetation density of 0.7-0.8 is used (Lee 

Benda, Earth Systems Institute, Mt. Shasta, CA, pers. communication). Initial 

examinations of this tool indicate that maintaining a buffer width of 

approximately 30 meters would greatly limit the amount of solar radiation 

that reaches a stream channel (Figure 6).  

 

Discussion 

Giving special recognition to higher priority stream segments in aquatic ecosystem 

conservation  

This approach builds on the concepts of Benda et al. (2007) to partition 

a watershed into areas of higher and lower priority based on aquatic 

ecosystem values. By identifying and defining the attributes of interest for a 

specific landscape, management of a particular location can be tailored to 

features and characteristics of interest. This places emphasis on recognizing 

ecological processes within the aquatic ecosystem, enabling in the 

development of riparian strategies that recognize and accommodate this 

variation. Watershed-scale analysis can provide the perspective needed for the 

consideration of this variation and ecological context.  

Management classes 1 and 3 represent portions of the stream network 

that are the most important to aquatic species. Management class 1 contains 

fish-bearing portions of the network where any of the three site-specific 
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features were met and are of the highest priority when evaluating the entire 

watershed. Therefore, allocating riparian buffers to these high priority fish-

bearing streams should be given special consideration.  

Management class 3 is not part of the fish-bearing portion of the 

network, but numerous research efforts have demonstrated the vital role of 

non-fish bearing streams. The potential for erosion and debris flow delivery to 

fish-bearing portions of the network provides the ecological context for 

ascertaining a high priority rating. These disturbances have been found to be 

influenced by the presence of large wood in headwater streams and can alter 

the run-out length of disturbances (Lancaster et al. 2003). Without the input of 

large wood identified within management class 3, debris flows would move 

faster and longer distances making it less likely that they stop high in the 

stream network. A debris flow without large wood would likely scour 

substrate and wood from the channel and have an adverse effect on fish 

bearing streams. In addition, headwater channels follow a cyclic pattern of 

filling with material and large wood, are then transported downstream 

through erosion or flood events to fish bearing stream reaches, and then the 

headwater channels refill with accumulated material (Benda and Cundy 1990, 

May and Gresswell 2004, Benda et al. 1998). The timeframe for this cycle can 

vary depending on watershed location and disturbance events. However, this 

delivery of sediment and large wood has been shown to promote long-term 

productivity for many aquatic ecosystems (Benda et al. 2003, Hogen et al. 

1998, Reeves et al. 1995). In sum, when crafting riparian protection strategies, 

management class 3 represents the most ecologically important non-fish 

bearing areas to protect. Therefore, allocating riparian buffers to these high 

priority streams should be given special consideration. 
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Management classes 2 and 4 represent stream reaches that are of lower 

priority than the two previously discussed. Category 2 identifies the fish-

bearing portions of the stream network that are of lower priority than category 

1, meaning they lack high intrinsic potential values, debris flow susceptibility, 

and the potential to thermally increase from near stream activities.  

Additionally, within the non-fish bearing portions of the network, 

management class 4 identifies reaches that lack a significant debris flow 

possibility and are less critical for the delivery of large wood to fish-bearing 

reaches. When combined, management classes 2 and 4 demonstrate where 

riparian protections are of lower priority for both the fish and non-fish bearing 

portions of the stream network.  

 

Addressing the need for an “all lands” approach 

The results shown here argue for a whole watershed and “all lands” 

approach to aquatic ecosystem conservation, much as described in the new 

planning rules for the national forests (USDA 2011). Regardless of land 

ownership type, the approach described here recognizes specific higher 

priority stream reaches across the watershed. Non-profits, watershed councils, 

and conservation groups could benefit from applying their limited resources 

to streams designated as higher priority within this analysis. Our methods 

have relevance outside the three study areas, as much of the Pacific Northwest 

land allocations are of a similar nature, and, more importantly, these methods 

have the flexibility to be tailored to an individual watersheds site specific 

values. While we do not recommend specific buffer widths and allocations in 

this paper, we do provide the framework for efficiently and cost effectively 

identifying the most ecologically sensitive portions of a watershed. 

 



31 
 

Assisting watershed restoration 

While the intent of this research is to demonstrate partitioning stream 

segments based on aquatic ecosystem values, some future adaptations can be 

applied. This work provides a framework that can be applied to any 

watershed of interest and analysts familiar with these methods can efficiently 

and quickly reproduce these results for other areas. The determination of 

higher priority stream reaches allows for potential restoration efforts to focus 

on portions of the stream network that are most important. Conservation 

groups, watershed councils and others must allocate limited restoration 

resources and the ability to prioritize and determine where potentially the best 

use of those resources is important. Historically, conservation efforts on 

privately owned parcels of land have been focused at the reach scale and 

patchwork (Richardson et al. 2012). This analysis spatially demonstrates 

specific stream reaches on private and public lands that should be the first 

priority for restoration. Concentrating on these reaches of highest importance 

will potentially have the largest impact towards landscape scale aquatic 

ecosystem restoration. While we submit that private riparian protection 

strategies should be reexamined, we acknowledge that, as an interim step, this 

analysis would allow for interest groups, non-profits, private landowners, 

federal land managers and watershed councils to devote their restoration 

efforts in the most efficient manner possible.  

 

Scope, limitations, and future work needed 

Computational models used by NetMap are limited by the quality of 

the spatial data available. NetMap models integrate digital terrain elevation 

models (DEMs) and PRISM climate data as the foundation for their analytical 

tools. DEMs were based off of US Geological Survey 10 meter DEMs; when 
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available, LIDAR data was used (Benda et al. 2007). Preliminary investigations 

were conducted to determine the accuracy and limitations of NetMap by 

visually comparing two small field datasets provided by the BLM and Oregon 

Department of Forestry (ODF). Initial results suggest that NetMap predicts 

fish-bearing streams with relatively high accuracy. On the other hand, these 

results also suggest the NetMap delineation of non-fish streams establishes a 

stream initiation point down the slope somewhat from actual stream origin 

and misses or misplaces some headwater streams. Further research will need 

to be conducted to determine the accuracy of NetMap and the methods 

described in this analysis. As this is a computational exercise, field 

measurements and validation should be required prior to implementation on 

the ground. 

Other limitations to this analysis concern the selection of site-specific 

attributes to gage aquatic ecosystem importance.  We choose three attributes 

(i.e. intrinsic potential, debris flow/erosion susceptibility, and thermal loading 

potential). Others could be added. For example, some areas of concern have 

extensive road networks and high densities of roads near streams that can 

potentially impact aquatic and riparian ecosystems. Geospatial tools are 

provided within NetMap that allow for the recognition and possible 

development of thresholds to identify streams that are of higher priority with 

respect to impacts from roads. The methods described in this analysis provide 

a framework for developing and integrating numerous site specific attributes 

deemed important to a specific watershed. 

Other limitations to be considered center on the thresholds chosen in 

this analysis. These were deliberately selected to be conservative in order to 

provide significant aquatic ecosystem protections.  However there is room for 

variation within each threshold. For example, in watersheds that experience 
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moderate to low erosional disturbances, threshold criteria could be changed to 

encapsulate a smaller proportion of stream reaches (only the highest 10% as 

apposed to 25%). Ultimately, as this analysis is designed to provide a 

framework to use site specific values based on ecological context, thresholds 

should be evaluated and refined for their effectiveness for each specific 

watershed.  

 

Conclusions 

By linking quantitative measures of intrinsic potential, debris flow and 

erosion susceptibility, and the potential for streams to increase in temperature, 

we have demonstrated an approach to recognizing streams that are most 

important within a watershed. This analysis recognizes the ecological context 

and variability of an individual watershed and identifies areas of importance 

based on site specific features. Given the multi-ownership nature of the three 

study areas, we have demonstrated the need to evaluate stream networks at 

the watershed scale, rather than by land ownership type or individual stream 

reaches. Restoration efforts focused at the specific reach scale can, at times, be 

ineffective (Kondolf et al. 2003). This could be partly attributed to how specific 

stream reaches are selected for restoration. However, this analysis provides 

the ability to prioritize and identify areas within a watershed that are most 

important for aquatic species, and subsequent management strategies and 

conservation efforts could be strategically allocated. When watersheds are 

evaluated holistically, this analysis provides the platform to comprehensively 

assess the site specific needs of the individual watershed.   
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Table 2-1. Size and land ownership for the three study watersheds along with NetMap delineation of fish-bearing and 

non-fish bearing streams by landowner group. 
 
 

Watershed Myrtle Creek Coquille Smith-Siuslaw 

Total Acres 76,207 381,629 784,948 

% Federal land ownership 41 37 55 

% Non-federal land ownership 59 63 45 

Miles of fish bearing streams 267 1084 2821 

Miles of non-fish bearing 
streams 

336 1961 3136 

% Fish bearing streams 44 34 47 

% Non-fish bearing streams 56 66 53 
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Table 2-2. Criteria for identifying management class for each stream segment based on aquatic ecosystem importance. 

(Management classes 1 and 3 = higher ecological priority; Management classes 2 and 4 = lower ecological priority) 
 
 

Management Class Ecological Context Areas Priority 

 Fish-bearing streams  

1 Intrinsic potential for any species >0.5  
OR 
>10% increase in thermal loading potential  
OR 
Med-high erosion potential from adjacent upslope areas 

higher 

2 Other fish-bearing streams 
 

lower 

 Non-fish-bearing streams  

3 Med-high probability of delivering to a med-high reach OR 
a reach immediately adjacent to a med-high IP reach 

higher 

4 Other non-fish bearing streams lower 
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Table 2-3. Percent of stream network within each management class for Federal and private lands in the three study 

watersheds. 
 

   Management Class 

   1 2 3 4 

Myrtle Creek 

Percent of 
stream 

network 

Federal 6 4 5 19 

Non-federal 20 14 7 25 

Miles of 
stream 

network 

Federal 36 27 29 119 

Non-federal 119 85 39 149 

Miles per 
1000 acres 

Federal 1.17 0.87 0.93 3.85 

Non-federal 2.63 1.88 0.86 3.29 

Coquille 

Percent of 
stream 

network 

Federal 7 4 7 18 

Non-federal 14 10 11 29 

Miles of 
stream 

network 

Federal 195 142 224 528 

Non-federal 420 327 329 880 

Miles per 
1000 acres 

Federal 1.38 1.00 1.58 3.73 

Non-federal 1.76 1.36 1.37 3.67 

Smith-Siuslaw 

Percent of 
stream 

network 

Federal 11 10 8 24 

Non-federal 14 12 6 15 

Miles of 
stream 

network 

Federal 687 314 512 1346 

Non-federal 837 684 344 867 

Miles per 
1000 acres 

Federal 1.58 0.72 1.18 3.11 

Non-federal 2.38 1.95 0.98 2.47 
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Figure 2-1. Western Oregon Federal land allocations and three study 

watersheds. 
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Figure 2-2. Variables used for management class assignments in a portion of the Myrtle Creek watershed. Site-specific 

features include Intrinsic Potential (Burnett et al. 2007) (top left), thermal loading potential expressed as incoming solar 

radiation (top right), debris flow susceptibility (bottom left), and streams partitioned into management classes (bottom 

right).   
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Figure 2-3. Stream segments classified by aquatic ecosystem importance on BLM and private lands in the Mrytle Creek 

watershed. (Fish-bearing streams: red= higher, green=lower; Non-fish bearing streams: orange = higher, blue = lower) 
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Figure 2-4. Fish bearing stream network (A) and streams classified by aquatic ecosystem values (B) for a portion of the 

Coquille watershed. (Fish-bearing streams: red= higher, green=lower; Non-fish bearing streams: orange = higher, blue = 

lower) 
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Figure 2-5. Fish bearing stream network (A) and streams classified by aquatic ecosystem values (B) for a portion of the 

Smith-Siuslaw watershed. (Fish-bearing streams: red= higher, green=lower; Non-fish bearing streams: orange = higher, 

blue = lower) 
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Figure 2-6. Incoming solar radiation based on buffer widths for a 10 and 3 

meter wide stream channel modeled by the thermal loading tool in NetMap. 
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CHAPTER 3 – KEYING FOREST STREAM PROTECTION TO 

AQUATIC ECOSYSTEM VALUES IN MULTI-OWNER 

WATERSHEDS 
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Abstract 

Aquatic ecosystems within the forested lands of western Oregon 

provide habitat for many fish and riparian dependent species, in addition to 

valuable ecosystem processes. Current policies set fixed-width riparian buffers 

based on land ownership and stream type or size. Federal lands require much 

larger buffers than non-federal lands, creating a disconnected series of 

riparian protections within, and across, watersheds. This paper presents a 

comprehensive watershed analysis and delineates a buffer strategy that tailors 

stream and riparian protection to aquatic ecosystem values. We model this 

strategy on seven watersheds totaling over 2.5 million acres of forested lands 

in western Oregon. Using a geospatial tool, NetMap, stream reach importance 

is classified as higher or lower for both the fish-bearing and non-fish bearing 

portions of a stream network within a watershed. For each stream 

classification on federal land, we model riparian management strategies that 

allocate protection on the basis of context of a stream segments particular 

location. We then estimate the potential impact to federal land allocations and 

assess possible increases to the land base for long term timber production. 

Results suggest that current riparian buffers on Federal Matrix lands could be 

reduced by 8-30 percent and reallocated into the land base for long term 

timber production. Using the riparian management strategy proposed in this 

analysis, an additional 26-45 percent of the current riparian buffers on Federal 

Matrix lands could be managed for both ecological and timber related goals, 

depending on the watershed of interest. We also provide a platform for 

discussion of private conservation efforts through specific targeting of higher 

priority streams on non-federal lands within each watershed. Since many of 

the most ecologically important stream reaches are on non-federal lands, 



50 
 

alternative strategies focused on the protection of non-federal streams 

classified as higher priority in this analysis may be needed. 
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Introduction 

The forested lands of western Oregon and their associated stream 

networks have long been embroiled in sociopolitical controversy. The debate 

has many dimensions, but a central component is the tension between 

conserving aquatic ecosystem values and maintaining long term sustained 

timber yields in watersheds containing intermixed private and federal 

ownerships.  

Streams in western Oregon provide important habitat for a wide 

variety of salmon species: Coho Salmon (Oncorhynchus kisutch), fall Chinook 

Salmon (O. tshawytscha), spring Chinook Salmon, summer Steelhead 

(anadromous O. mykiss), and winter Steelhead, with some species listed 

federally as threatened and endangered. They also provide habitat for Coastal 

Cutthroat Trout (O. clarkii clarkii) and resident Rainbow Trout (non-

anadromous O. mykiss). Coho salmon are currently listed on the Endangered 

Species List. Historically, Pacific salmon have been coveted as game and food 

fish and many species fueled economically viable commercial fisheries. They 

also are a key element in indigenous cultures.  These same western Oregon 

watersheds have been the source of timber that historically made Oregon a 

major producer of lumber and plywood for the nation and the world. 

Abundant rainfall and deep soils enable rapid growth and some of the most 

productive forests in the United States. Given their socioeconomic 

significance, salmon and forests are an iconic symbol of the Pacific Northwest. 

As salmon populations declined over time (Nehlsen et al. 1991) concern 

over their habitat rose. Federal lands responded with the Northwest Forest 

Plan in 1994, and, in particular, the Aquatic Conservation Strategy (ACS) that 

placed expansive stream buffers on fish-bearing and non-fish bearing streams 
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(Thomas et al 2007). These buffers occupy more than 40 percent of the federal 

forests, with very little timber harvest permitted within them (Thomas, et al. 

2007, Johnson et al. 2007). Comparatively, over the last 20 years, stream 

protection policies for private lands changed very little.  As a result, buffers on 

federal lands can be many times more extensive than buffers on private forests 

(Johnson et al. 2007).  

Pressures to change the stream buffers come from two sources. On 

federal lands, there are political pressures to shrink the buffers, especially on 

the Bureau of Land Management (BLM) checkerboard lands (Matrix) in 

western Oregon (O&C report 2013). This is to enable those lands to provide 

timber harvest levels and county payments in lieu of property taxes closer to 

their historical levels.  Over the last decade, Congress has appropriated funds 

to compensate the counties for this loss of revenue; however this revenue 

stream is unlikely to continue. Also, many of Oregon’s “timber” counties have 

chronically high unemployment levels. All these factors result in considerable 

pressure to increase the land base for timber production on federal lands 

(O&C Report 2013). With the importance of federal forests to aquatic 

conservation and salmon recovery, though, wholesale changes to the stream 

buffers might be difficult to achieve.  Rather, identifying the relative 

importance of stream segments to achieving these goals might enable a 

nuanced policy. 

Private forest stream protection policy, guided by the Oregon State 

Forest Practice Regulations, has changed relatively little over the last 20 years 

while both Washington and California have extended their protections.  As an 

example, Washington state now mandate buffers on some non-fish streams 

(Olson et al. 2007) while Oregon State Forest Practice Rules do not require 

buffers on non-fish streams over much of western Oregon (OFRI 2011).  Also, 
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Washington’s forest practice rules have been designated by the National 

Marine Fisheries Service as satisfying the requirements for private forest 

management for listed fish stocks while Oregon’s rules have not. 

Pressures to change the size of stream buffers have been increasing in 

light of recent scientific advancements. Numerous scientific studies (as we 

describe below) have documented the importance of the riparian area and 

upland forests around non-fish bearing streams for aquatic ecosystem health. 

Also, recent work has called for a reexamination of the State forest practice 

rules (State of Oregon Department of Forestry 2011) primarily due to 

inadequate temperature control on fish bearing streams and lack of buffers on 

non-fish bearing streams. Still, much of western Oregon forests have a 

labyrinth of small non-fish bearing streams; requiring buffers on of all of them 

would be costly to private landowners and would generate intense political 

protest.  

The purpose of this paper is to provide an approach to stream buffer 

policies that focus stream and riparian protection across the watershed where 

they will have the highest positive impact on habitat for Pacific salmon and 

other aquatic and riparian dependent species. Using recently developed 

science and analysis tools (NetMap (Benda et al. 2007)), we identify the most 

ecologically important stream segments for aquatic conservation across each 

watershed, thus enabling an optimized buffer strategy that places protections 

where they are most needed. This approach could have two positive effects on 

the policy problems outlined above: 1) it could enable increased timber 

production from federal forests while still achieving the aquatic goals of the 

Northwest Forest Plan, and 2) it could focus conservation efforts on private 

lands, and reduce their cost, through the identification of the most ecologically 

important streams on those lands within a watershed.   
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We will demonstrate the ideas presented in this analysis on seven 

watersheds across western Oregon covering over two million acres (Figure 1 

and Table 1). Three of the watersheds (Coquille, Nestucca, Smith-Siuslaw) are 

in the Oregon Coast Range, three are in the western Cascades (McKenzie, 

Myrtle Creek, North Umpqua) and one is in southwest Oregon (Applegate).  

 

Scientific foundations of variability within aquatic ecosystems 

Three recent scientific advancements, have begun to fundamentally 

change our perceptions of aquatic ecosystems and their associated species: 1) a 

recognition that aquatic ecosystems are dynamic in space and time, 2) 

recognition of the ecological importance of non-fish bearing streams and their 

differential ability to deliver large wood to fish-bearing streams, and 3) 

recognition of the differential potential of streams to produce salmon and 

related species.  

 

Streams and riparian ecosystems are dynamic in space and time 

Comprehensively assessing the potential ecological effects of 

management in riparian ecosystems is dependent on the perspective of how 

streams and associated aquatic areas behave. One viewpoint holds that 

aquatic ecosystems tend to be in an equilibrium or steady state, and when 

disturbed 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. Aquatic systems with little or no human influences, particularly 

those associated with old growth forest, are understood to have the most 
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favorable conditions for fish and other aquatic organisms. These systems 

currently are most frequently used as references against which the condition 

of managed streams (e.g., Index of Biotic Integrity, Karr and Chu 1999) and 

impacts from management actions can be assessed.  

Emerging understanding holds that streams are dynamic in space and 

time, and experience a potential range of conditions (Wimberly et al. 2000). 

Conditions in streams are variable through time (Naiman et al. 1992) 

depending on their location in the network, time since last disturbance, and 

the legacy of that disturbance (Reeves et al. 1995, Benda et al. 1998, Rieman et 

al. 2006, Wondzell et al. 2007). The range of conditions that aquatic ecosystems 

in spatially homogeneous areas likely experience through time will differ 

depending on the natural disturbance regime, topographic setting, and 

geology (Reeves 2006). Recognizing this dynamic variability of processes and 

conditions within a watershed is important when crafting aquatic 

conservation strategies that are based on the ecological context of a specific 

area.  

 

 Non-fish bearing streams are ecologically important 

The second recent development in aquatic understanding is predicated 

on the recognition of the ecological importance of small, fishless streams. 

Headwater streams are among the most dynamic portions of aquatic 

ecosystems (Naiman et al. 1992). They are sources of sediment (Benda and 

Dunne 1997a,b, Zimmerman and Church 2001) and wood (Reeves et al. 2003, 

May and Gresswell 2003, Bigelow et al. 2007) for fish bearing streams. They 

also 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). They may also be 
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important sources of food for fish (Wipfli and Gregovich 2002). These streams 

are among the most dynamic portions of the aquatic ecosystem (Naimen 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 within the stream 

network have unique hydrologic, geomorphic, and biological attributes. The 

movement of sediment, wood, and other materials through these locations 

results in sites of high biodiversity (Johnson et al. 1995, Minshall et al. 1985).  

Large wood is an important element of the aquatic ecosystem as it 

forms and influences the size and frequency of habitat units for fish and other 

organisms that depend on aquatic and riparian habitats (Bilby and Bisson, 

1998, Bilby and Ward 1989, Wallace et al. 1995). The size of pieces and amount 

of wood in the channel also influence the abundance, biomass, and movement 

of fish (Fausch and Northcote 1992, Harvey and Nakamoto 1998, Harvey et al. 

1999, Murphy et al. 1985, Roni and Quinn 2001). Pieces of large wood 

delivered from upslope areas are generally smaller than those originating 

from riparian zones along fish bearing streams (Reeves et al. 2003). Therefore, 

geomorphic features in a watershed influence the potential contribution of 

upslope wood sources. Steeper, more highly dissected watersheds 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 stream 

channel to such events. Large wood in debris flows and landslides influences 

the run-out length of these disturbance events (Lancaster et al. 2003). A debris 

flow without wood is likely to be a concentrated slurry of sediments of 
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varying sizes that can move at relatively high speeds over long distances, 

sourcing substrate and wood from the affected channels. These types of flows 

are more likely to negatively affect fish-bearing channels rather than have 

potential favorable effects that result from the presence of wood. Over time, 

headwater depressions and channels are filled with material from 

surrounding hill slopes, including large wood that falls into those channels, 

forming obstructions behind which sediments accumulate (Benda and Cundy 

1990, May and Gresswell 2004). These areas are evacuated following a 

landslide or debris flow event. This cycle of filling and emptying results in a 

punctuated movement of sediment and wood to larger, fish bearing portions 

of the network (Benda et al. 1998) and is at least partly responsible for 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 chronic movement of sediment to larger channels, which could 

lead to those channels developing different characteristics than those that 

occurred before forest management. Therefore, when crafting aquatic 

conservation strategies, areas within a specific watershed that have the 

potential to deliver wood should be taken into consideration given the 

potential beneficial effects of these disturbance events for Pacific salmon and 

other aquatic and riparian species. 

 

The intrinsic potential of streams for salmon productivity can be estimated 

Within specific streams or reaches there exists variation in the potential 

to provide habitat for salmonid species based on the geomorphic attributes of 

the stream or reach. Intrinsic Potential (IP) is a measure of the capability of a 

given stream or stream segment to potentially provide high quality habitat for 

a given fish species (Burnett et al. 2007). Previous work has used geomorphic 
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criteria, habitat, and salmonid abundance (Lunetta et al. 1997, Pess et al. 2002, 

Steel 2004, Burnett et al. 2006) to evaluate the potential for streams to provide 

habitat. However, the concept of IP allows for specific fish species assessments 

to be applied to large study areas that were not computationally possible in 

prior work. IP is determined by ranking geomorphic attributes of a watershed 

and applying a linear weighting scheme from 0 to 1 (Burnett et al. 2007). 

Therefore, it is a relatively powerful quantitative measurement of the potential 

for a stream or reach to provide quality habitat for salmonid species based on 

the geomorphic setting of a stream. IP is an important concept to incorporate 

into aquatic management strategies as it allows for the identification of the 

potentially best places to focus habitat protection and conservation. 

 

Identifying the higher priority stream reaches for aquatic ecosystem 

conservation 

Novel geospatial technologies, NetMap (Benda et al. 2007), have 

enabled the integration of this new aquatic science into a suite of numerical 

models and geospatial analysis tools, to provide insights into the ecological 

importance of specific locations within a watershed. NetMap allows for the 

quantitative investigation of aquatic values such as topographic setting, 

geology, thermal loading potential, the ecological importance of headwater 

streams, wood recruitment, and debris flow/erosion susceptibility for any 

stream reach within a watershed. The purpose of these analytical tools is to 

provide the ability to incorporate site specific values deemed most critical to 

aquatic species and their habitats into an ecologically comprehensive 

perspective for an individual watershed. 

Pickard et al. (unpublished manuscript) has demonstrated use of NetMap 

to partition fish-bearing and non-fish bearing streams in a watershed into 
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areas of higher and lower priority for aquatic ecosystem conservation. 

Determining the stream segment priorities consists of three steps: 1) delineate 

the stream network within each watershed, 2) divide the streams into fish and 

non-fish bearing categories, and 3) assign management classes based aquatic 

ecosystem values. First, the stream network was determined using a 10 meter 

digital elevation model (DEM) to assess the stream gradient for each 

watershed. After the stream network was established, the distribution of fish 

and non-fish bearing streams was calculated using a channel gradient 

threshold of 10%. Stream reaches above gradients exceeding 10% were 

assumed to be non-fish bearing. Gradient thresholds of 10% were assigned for 

Coho salmon and Steelhead species and were assumed to also represent the 

upper limit of resident fish.  

Following Reeves, et al. (2013) and Pickard, et al. (2013) (unpublished), 

we divided fish-bearing and non-fish bearing stream segments into four 

different management classes, two for fish-bearing streams (management 

classes 1 and 2) and two for non-fish bearing streams (management classes 3 

and 4). Again, following Reeves, et al. (2013) and Pickard (2013) (unpublished), 

we used three site features used to evaluate the aquatic ecosystem importance 

of the stream segments in each watershed: 1) intrinsic potential (IP) (Burnett et 

al. 2007) for Coho salmon and steelhead, 2) thermal loading potential, and 3) 

debris flow/erosion susceptibility. Using these three site specific features, the 

fish-bearing stream network is divided into higher and lower priority 

management classes, and a similar division is made for non-fish bearing 

streams (Table 2). This analysis allows for the spatially explicit determination 

of specific stream reaches of higher priority in both the fish and non-fish 

bearing portions of the stream network (See figure 2 for stream delineation 

and classification of a sub-watershed of the Smith River watershed). 
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For this analysis we applied the same classification system outlined in 

Pickard et al. (2013) (unpublished) for seven watersheds in western Oregon. 

Classifying stream segments by ecological importance and sensitivity allows 

for the evaluation of the distribution of higher and lower priority streams for 

both fish-bearing and non-fish bearing reaches by landownership type. What 

becomes clear using this analysis is that location is important. Using NetMap 

(Benda et al. 2007) stream networks for each study watershed were partitioned 

into higher and lower priority management classes. Results were varied, 

demonstrating the site specific nature of this analysis. In some watersheds 

(North Umpqua, Smith-Siuslaw and McKenzie) federal lands had 

proportionally more of the higher priority stream reaches for both fish and 

non-fish bearing streams (Figure 3). However, other watersheds (Coquille, 

Nestucca, and Myrtle) have more high priority stream reaches on non-federal 

lands. The disproportion of higher priority streams by landownership type is 

greatest in Myrtle Creek (Figure 3), with non-federal lands containing many 

more high priority fish bearing streams. For most watersheds, lower priority 

non-fish bearing streams were found in greatest proportions on federal lands 

(Figure 4). Generally, our results demonstrated that the distribution of higher 

and lower priority stream segments is site specific, and varies depending on 

the watershed of interest.  

These results demonstrate that higher priority streams are located on 

both federal and non-federal lands, depending on the watershed of interest. 

There exists much variability in the amount of miles of higher priority stream 

segments for each watershed (Figure 5). For example, the Smith-Siuslaw has 

approximately 1500 miles of higher priority fish bearing streams within its 

watershed and, comparatively, the Nestucca has only approximately 270 

miles. However, both watersheds have over 50% of their fish bearing streams 
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classified as high priority (Table 3). Historically, many have argued that 

federal lands should bear the largest burden of responsibility to protect 

streams for salmon within each watershed (FEMAT 1993). However, with this 

current understanding of the ecological context and importance of specific 

locations within a watershed, the amount and distribution of higher priority 

streams among landowners varies with location. Therefore, it could be 

difficult to restore and improve aquatic ecosystems for salmon and other 

species solely through the protection of federal lands. 

 

Current riparian policies for western Oregon forests 

Federal lands - The Aquatic Conservation Strategy 

Current riparian policy is based on land ownership type across each 

watershed in western Oregon. Federal lands adhere to the ACS of the 

Northwest Forest Plan (NWFP).  This is a regional strategy applied to aquatic 

ecosystems across the area covered by the NWFP. Its goal is to maintain and 

improve habitat for Pacific salmon (Oncorhynchus spp.) and other aquatic and 

riparian dependent organisms (FEMAT 1993). The ACS was designed to halt 

further degradation in watershed conditions and to improve the ecological 

condition of watersheds in the NWFP area over a period of several years to 

decades (FEMAT 1993). The focus of the plan was to preserve key ecological 

processes, and recognize that periodic disturbances could result in less than 

ideal conditions for salmon in isolated time periods, but that these disturbance 

events are essential for maintaining the long-term productivity of aquatic 

ecosystems. The long term goal (100+ years) is to develop a network of 

functioning watersheds that support populations of salmon and other aquatic 

and riparian-dependent organisms across the NWFP area (US Forest Service 
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and BLM 1994). Toward that end, the ACS is built around five components to 

fulfill its goals and objectives: (1) watershed analysis, (2) Riparian Reserves, (3) 

key watersheds, (4) watershed restoration, and (5) standards and guidelines 

for management activities (US Forest Service and BLM 1994, Reeves et al. 

2007).   For the purposes of this paper we focus on Riparian Reserves and 

watershed analysis. 

Riparian Reserves are the delineated boundaries of the riparian 

ecosystem and are portions of the watershed most tightly coupled with 

streams and rivers. They provide the ecological functions and processes 

necessary to create and maintain habitat for aquatic and riparian dependent 

organisms over time, dispersal corridors for a variety of terrestrial organisms, 

and connectivity of streams within watersheds (FEMAT 1993). The size of the 

Riparian Reserve varies based on the presence or absence of fish.  The 

Northwest Forest Plan calls for an interim buffer width on fish-bearing 

streams equal to two site potential tree heights (minimum of 300 feet), where a 

site potential tree is defined as a tree that has attained an average maximum 

height possible given the conditions where it occurs (FEMAT 1993, page V-32). 

Non-fish bearing streams were assigned interim buffer widths of one site 

potential tree height (minimum 150 feet) (FEMAT 1993). The boundaries of the 

Riparian Reserves were intended to be interim (US Forest Service and BLM 

1994), and designed to protect ecological processes until a watershed analysis 

is completed.  On the three study watersheds, the interim boundaries vary 

from 310 to 440 on fish-bearing streams and 155 to 250 on non-fish bearing 

streams (Table 4). 

Watershed analysis had the goals of providing the contextual 

information of a given location (Kondolf et al. 2003, Montgomery 2004) to 

justify adjustments to Riparian Reserve boundaries, and allow for specific 
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activities to be permitted within the Riparian Reserves. Due to the variation in 

landscape features and where ecological processes critical to aquatic habitat 

formation occurs, it was expected that site specific characteristics would result 

in buffer widths that differed from the defined interim widths (FEMAT 1993, 

p. V-44). However the original intent of watershed analysis was never realized 

because of a number of factors, including costs and the required consideration 

of a multitude of species and their ecological requirements (Reeves et al. 2006). 

Interim Riparian Reserve boundaries outlined in the ACS have remained 

intact in the majority of watersheds (Baker et al. 2006). For the seven study 

watersheds, Riparian Reserves occupy a substantial portion of the Federal 

Matrix lands (approximately 26-48 percent of the total Federal lands classified 

as Matrix). 

In addition, management activities in riparian areas within one-site 

potential tree height have been limited recently because of NOAA fisheries 

concerns during consultation and review procedures regarding consequences 

to habitat for fish listed under the ESA. These concerns are focused primarily 

on potential short term risks to listed salmon species and their freshwater 

habitat, including possible reduction of stream shade or large woody debris 

sources.  

 

Private lands - Oregon Forest Practice Rules 

Since the passage of the Oregon Forest Practice Act in 1972, private 

land owners are required to follow a series of forest rules outlined in the 

Oregon Forest Practice Rules (OFRI 2011) under the goal of protecting public 

resources on private lands. These rules specify riparian buffers of different 

maximum sizes based on rate of streamflow and whether a stream potentially 

has fish or is a domestic water source (Table 5). The largest maximum buffer 
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width required is 100 feet for a large (>10 cubic feet per second) fish bearing 

stream. Within the maximum buffer width, a specified level of tree basal area 

must be achieved before activities (i.e. timber harvest) can occur near 

streamside areas. If the target basal area can be achieved in less area than the 

required maximum width, the buffer can be reduced to a minimum of 20 feet 

from the stream.  Buffers are not required on small non fish-bearing streams in 

our study watersheds. Over the last 15 years, the Oregon Forest Practice Rules 

have come under criticism relative to their potential to protect aquatic 

ecosystems and habitat, in part because of the lack of tree buffers on non-fish 

bearing streams of the Oregon Coast and Western Cascades (Botkin et al. 1995, 

IMST 1999) and inadequate temperature control (State of Oregon Department 

of Forestry 2011). Across all seven study watersheds, results of the analysis (as 

discussed below), show that less than 5% of the total private lands are 

included within riparian buffers as compared to the 26-48% of federal matrix 

lands included in riparian reserves (See Figure 2 for a representation of private 

stream buffers in a sub-watershed in the Smith River watershed).  

 

Buffer strategies that recognize the variable importance of streams reaches 

Scientific justification for a variable buffer strategy on federal Lands 

Reeves et al. (2013) reports that new science supports rethinking the 

design of stream buffers under the NWFP. The effects on microclimate, water 

temperature, amphibian habitat and wood delivery to streams are each 

carefully considered in the strategy proposed by Reeves et al. (2013). The 

rational for redesigning the NWFP stream buffers is summarized below. 

Two site potential tree height buffers on fish bearing streams were 

selected, in part, to protect and enhance the microclimate of the riparian 
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ecosystem (US Forest Service and BLM 1994). At the time of FEMAT (1993) 

there was limited research that had evaluated effects of harvesting adjacent to 

riparian buffer edges (Chen et al. 1993), and the two tree height distance was 

determined based partly on professional judgment of the FEMAT authors. 

Recent studies suggest that a one tree height buffer on fish-bearing streams 

should be adequate to protect the riparian microclimate and water 

temperature from potential harvesting impacts occurring next to the buffer 

edge (Brosofske et al. 1997, Moore et al. 2005). Anderson et al. (2007) further 

examined the effects of thinning in riparian areas and found that with buffer 

distances greater than 49ft, there was less than a one degree Celsius change in 

daily maximum air temperature above stream center. Therefore, reducing the 

riparian buffer to one site potential tree height should not impact the 

microclimatic conditions or stream temperature. 

Recent research has also documented the delivery of large wood to 

streams and its effects on aquatic ecosystems. At the time of FEMAT (1993), 

wood recruitment function was hypothesized to occur within a distance equal 

to approximately 95% of a site potential tree height. Based on recent studies 

(McDade et al. 1990, Van Sickle and Gregory 1990, and Gregory et al. 2003) 

Reeves et al. (2013) now suggests that 95% of wood recruitment occurs within 

a distance of 0.46 to 0.82 of a site potential tree height. This supports the 

recommended contraction of current NWFP buffers; and also to permit some 

activities to occur in the outer portions of some riparian areas within one site 

potential tree height.  As a possible mitigation to augment short-term negative 

effects of thinning on wood delivery to streams, Reeves et al. (2013) suggests 

use of tree tipping. Wood from the outer portions of riparian areas could be 

directionally felled or placed into the stream (Reeves et al. 2013). Initial 

analysis indicates that tipping approximately 10-15% of the total volume that 
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would be harvested in the outer riparian area could be an effective mitigation 

measure to offset short-term impacts (Reeves et al. 2013).   

There have also been concerns regarding effects on amphibians from 

timber harvest activities in, and near, riparian areas. Reeves et al. (2013) 

suggests buffer widths buffer widths for both fish and non-fish bearing 

streams based on recent research by D. Olson, PNW Research Station, 

(unpublished) who found that most amphibians moved along the stream within 

a distance of 45 ft of the stream channel. In addition, providing for down 

wood on the forest floor, as recommended by Reeves et al. (2013), will further 

reduce the potential impacts on terrestrial salamanders (Rundio and Olson 

2007). Therefore, limiting activity in the inner buffer of the riparian reserve 

and utilizing ecological forestry in the outer buffer should be sufficient to 

maintain ecological integrity for amphibians (Reeves et al. 2013).  

 

Implementing a variable buffer strategy on federal Lands 

After partitioning streams into management classes (Table 2) based on aquatic 

ecosystem values, fish-bearing stream segments were divided into higher or 

lower importance (management classes 1 and 2 in Table 2) as were non-fish 

bearing stream segments  (management classes 3 and 4 in Table 2).  Following 

Reeves et al. (2013), we utilize the following buffer strategy. 

 All stream segments receive a one tree height buffer on each side of the 

stream. 

 The buffer on higher priority streams (management classes 1 and 3) is 

focused solely on aquatic protection. 

 The buffer on lower priority stream reaches have an inner buffer 

managed for solely for aquatic ecosystem goals and an outer buffer 

managed for both aquatic ecosystem goals and timber production. For 
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lower priority fish-bearing streams, the inner buffer solely devoted to 

aquatic ecosystem goals was chosen to be 100 feet. For lower 

importance non-fish bearing streams an inner buffer of 50 feet is 

devoted solely to aquatic ecosystem goals.  

 

In the outer buffer on lower priority streams (called the riparian 

management zone), we follow Reeves et al. (2013) who recommend applying 

ecological forestry principles (Franklin and Johnson 2012) due to its ability to 

blend timber production with aquatic and ecological conservation.  

Ecological forestry is based on concepts of natural forest development, 

including the role of natural disturbances in the initiation, development, and 

maintenance of stands and landscape mosaics (Seymour and Hunter 1999, 

Franklin et al. 2007, Franklin and Johnson 2012). In implementing ecological 

forestry principles, Franklin and Johnson (2012) divide western Oregon forests 

into Moist Forests or Dry Forests and tailor management strategies to these 

two types of forests. Coastal study watersheds generally contain Moist 

Forests, while Cascade and southwest Oregon study watersheds have a 

mixture. For further review of the management recommendations of both 

forest types please refer to Franklin and Johnson (2012). The most 

controversial concept of ecological forestry is the use of regeneration harvests 

in Moist Forests, which create openings while retaining patches of trees, as 

part of the silvicultural prescription. Within the one-tree height buffer, 

ecological forestry would be applied with consideration of the duel goals of 

aquatic ecosystem conservation and also wood production. As an example, a 

portion of the trees that could be harvested would be tipped toward the 

stream. Also, placement of retention patches would be keyed to aquatic 

considerations.  
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In general, regeneration harvest in the buffer design is most 

appropriate for previously harvested acres (generally less than 80 years of age) 

following the recommendations of the Joint FS, NOAA, EPA, FWS group 

(2012), Franklin and Johnson (2012), the Spotted Owl Recovery Plan (2011), 

and discussion in the recent Critical Habitat Rule (2012). In addition, 

watersheds with forests 80-140 years old in the Oregon Coast are most 

productive for salmon (Reeves et al. 1995).  

 

Results of the variable width buffer approach when applied to BLM and Forest Service 

Matrix 

Applying the variable buffer strategy to BLM Matrix lands allows for a 

proportion of the current riparian buffers to be available for long term timber 

production. In total, 30-48 percent of the BLM Matrix within Riparian Reserves 

under the interim buffers of the NWFP for the study watersheds is solely 

devoted to ecological goals (Figure 6), with the remainder available for 

ecological forestry.   

Reducing the buffer widths on fish-bearing streams from two site 

potential tree heights to one site potential tree height would allow for 14-44 

percent of the Riparian Reserve along those streams to be available for 

ecological forestry. This reallocation is largest for the Nestucca watershed and 

smallest for the North Umpqua. Reeves et al. (2013) suggests that reducing the 

buffers on fish bearing streams will still maintain goals and objectives of the 

Aquatic Conservation Strategy of the NWFP, but with less of the landscape 

needed to fulfill this function. Under the variable buffer strategy, 32-43 

percent of current riparian reserves are still managed solely for ecological 

goals. Depending on the specific watershed, an additional 27-43 percent is 

classified as having both ecological and wood production goals (Figure 6). 
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These results suggest that due to the variability of each study area, the amount 

of land that could be devoted to the timber base is watershed specific.  

For comparison, the Oregon Forest Practice Act was applied to BLM Matrix 

lands. Across all seven watersheds, no more than 4% of the total BLM Matrix 

lands were included within riparian reserves (Figure 6). This represents only 

9-12% of the current riparian reserves prescribed by the NWFP. 

Reeves et al. (2013) suggests limiting timber activities using ecological 

forestry to forest stands younger than 80 or 120 years old. Limiting activities to 

the previously harvested younger stands would reduce the acreage available 

for wood production within the riparian management areas to varying 

degrees depending on the specific watershed. Approximately 12-36% of the 

riparian management areas that would be managed for both ecological and 

wood production goals under the variable buffer strategy are within forest 

stands older than 120 years old (Figure 6). If this threshold is set at stands 

older than 80 years, then 18-60 percent of the riparian management area 

would be included in mature and old forests. Watersheds such as Mrytle 

Creek and the Applegate represent areas with larger proportions of older 

forest, with 42 and 60 percent of the riparian management zone included in 

stands greater than 80 years old. Comparatively, watersheds such as the 

Siuslaw-Smith have very little older forests; only 18% of the riparian 

management area is older than 80 years (Figure 6).  

While Reeves et al. (2013) evaluates implementing the variable buffer 

strategy on BLM Matrix lands, we demonstrate these ideas applied to all 

federal Matrix lands (BLM and Forest Service). Within the study watersheds 

this includes Matrix and Adaptive Management Areas for both the BLM and 

the National Forest Service. Federal Matrix lands in the study watersheds 

have 26 to 48 percent of their total landscape included within current riparian 
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reserves (Figure 7). Applying a one tree height buffer on all streams, as 

recommended by Reeves et al. (2013), would reduce buffers to approximately 

70-92 percent of the current riparian reserves. Therefore, decreasing buffers on 

all fish-bearing streams could apportion 8-30 percent of the current riparian 

reserves into the land base for long-term timber production or for other uses. 

Implementing the variable buffer strategy would entail approximately 33-54 

percent of current riparian buffers to be managed solely for ecological goals, 

with an additional 26-45 percent managed for both ecological and wood 

production goals (Figure 7).  

When the Oregon Forest Practice Rules are applied for all Federal 

Matrix lands, only 2-8 percent of the Northwest Forest Plan riparian reserves 

would be included in buffers (Figure 7). Consequently, if state forest practice 

rules were applied, 92-97 percent of the current riparian reserves would be 

reallocated into the timber land base, depending on the watershed of interest.  

 

Protection of high priority streams on private land  

We have identified approaches to riparian buffers for federal lands that 

can enable increased timber production while still meeting the goals of the 

Aquatic Conservation Strategy. However, this analysis also points out the 

importance of private lands for restoration of aquatic habitat and salmon 

populations. Due to the policy complexity of amending or changing riparian 

buffer strategies for private lands we did not simulate the variable buffer 

strategy for these lands. Instead, we present other ideas for addressing aquatic 

conversation and restoration on private lands.  
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Identifying the very highest priority stream segments 

Different threshold criteria could be applied to the site specific features 

for private lands that are less conservative than the thresholds recommended 

on federal lands. For example, on federal lands we use IP values > 0.5 for the 

anadromous salmonids present in a watershed as the threshold for high 

priority fish bearing streams. Stream reaches with values of 0.5-0.75 represents 

a moderate capacity for high quality habitat, and > 0.75 a high capacity 

(Burnett et al. 2007). Due to the heightened concern about fish and fish habitat 

on federal lands, we included reaches with high to moderate capacities to 

minimize potential adverse consequences. Private land analysis might use a 

threshold of > 0.75 for high IP for all or a selected fish to encapsulate only the 

highest priority reaches. Using the Smith-Siuslaw watershed as an example 

(Table 6) this higher threshold would result in a reduction of 274 miles of 

higher priority fish-bearing streams on private lands. This represents a 

potential reduction of 17% of high priority stream miles in the private fish-

bearing stream network (Table 6). Thresholds for other parameters could be 

defined that are either more or less conservative, for example, different 

thresholds for thermal loading potential and erosion potential could be 

determined for private lands as well. For example instead of using a 10% 

increase in thermal loading potential, private lands could adopt a 15% 

increase in thermal loading potential. Ultimately, the threshold 

determinations for the three site specific features used in this analysis could be 

used to reflect the level of conservation responsibility that private landowners 

would be willing to accept.  
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Paying landowners with high priority streams to maintain their buffers 

One option that could be applied to promote the conservation or 

restoration of high priority private lands is to directly pay landowners with 

specific reaches that are ecologically important to maintain or restore riparian 

buffers.  

Within the study watersheds, 29-48% of Riparian Reserves on Federal 

Matrix lands under the current policy would be included within the riparian 

management zone subject to Ecological Forestry if the variable buffer width 

approach was implemented (Figure 7). This has the potential to provide a 

substantial source of revenue from timber sales on federal Matrix lands. 

Revenue accrued from the riparian management zone could be allocated to 

compensating private land owners who have high priority stream reaches in 

several ways. First, if a private landowner intends to harvest a unit within the 

one tree height buffer on a high priority stream, the revenue from ecological 

forestry on federal lands within the riparian management zone, or the 

“riparian revenue”, could be used to compensate the landowner the fair 

market value of the timber for not harvesting. In the event that a high priority 

stream reach has already been harvested to the edge of the required OFPR 

buffer, the riparian revenue could be used to incentivize the landowner to 

restore and conserve the riparian habitat.  

 

Selecting areas suitable for land purchase or exchanges 

Generated riparian revenue could also be used to purchase private 

lands determined to have greater proportions high priority stream reaches. 

This would transfer jurisdiction of lands that border the most ecologically 

important aquatic and riparian areas into the federal land managers control. 

The ability to partition stream segments based on aquatic ecosystem 
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importance as demonstrated here could allow for private lands with many 

higher priority stream reaches to be identified as areas to concentrate land 

purchase efforts. Within each watershed, the variability of ecological processes 

and stream importance can be highly site specific and often are distributed 

inconsistently across a watershed. For example, in the Big Creek sub-

watershed (Figure 2c), areas located in the southern portion of the basin have 

proportionally many higher priority fish-bearing and non-fish bearing stream 

reaches that are also more densely clustered together. Areas of land that 

demonstrate this clustering effect of higher priority management classes 

would be most suitable for consideration in land purchases. Concentrating 

land acquisition efforts in these areas are likely to have a larger beneficial 

impact to the overall watershed condition than acquiring areas with lower 

priority stream reaches. However, this strategy is completely contingent upon 

private land owners being willing to sell their property.  

Given that private timber companies control large parcels of forested 

lands that potentially have many higher priority stream reaches, is possible 

that, instead of purchasing these lands, companies might be more amenable to 

exchanging for other forested lands. Federal lands that have proportionally 

fewer higher priority stream reaches could be considered for land exchanges 

of private lands that have many more higher priority areas. Using the Big 

Creek sub-watershed example, BLM Matrix areas with few higher priority 

streams, such as in the upper northwest portion of the drainage directly 

adjacent and east of the BLM LSR, could be considered as suitable areas for 

land exchanges (Figure 2c).  Ideally, these areas would be exchanged for non-

federal lands in the southern portion of the sub-watershed previously 

discussed as having many higher priority stream segments. As timber 

companies are profit driven, swapping private lands with many streams 
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(ideally higher priority streams) for upland areas that lack high priority 

stream segments could be beneficial for both Pacific salmon and the private 

timber industry.   

 

Requiring enhanced buffers on some stream segments 

Another approach would be to require enhanced buffers on some non-

fish streams.  That precedence has already been set in the Oregon Forest 

Practice Rules with its handling of landside risk above dwellings. Regulations 

apply to non-fish bearing streams and focus solely on maintaining public 

safety. These rules require special consideration and buffers for proposed 

timber harvests that are in areas determined to be high landslide hazard 

locations (referred to as HLHLs) (OFRI 2011). Areas are considered to have 

high landslide risk that have either: 1) slopes steeper than 75-80 percent 

(depending on location in Oregon), 2) headwalls or streams steeper than 65 

percent, or 3) a steep slope in any part of the state determined by a 

geotechnical specialist to have similar conditions to the two listed previously 

(OFRI 2011). If a risk to public safety is identified , non-fish bearing streams 

that drain areas identified as high landslide hazard locations can be required 

to leave some or all trees within 50 feet of the channel for the first 500 feet that 

drains into a fish-bearing stream (OFRI 2011).  

Similar to the current special considerations for areas of high landslide 

risk, additional rules could be developed to assign buffer widths based on the 

identification of streams that are higher priority. As many non-fish bearing 

streams on private lands have relatively small or no buffers, protecting the 

areas determined as management class 3 in this analysis could allow for 

mitigations concerning delivery of wood to channels. Expanding these specific 

rules concerning landslides to beyond protecting public safety would allow 
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for areas identified as high priority in the non-fish bearing portions of the 

network to be assigned buffers that could benefit Pacific salmon and other 

riparian species. The modeling methods described in this analysis enable 

targeted selection of the most important stream reaches for targeted 

conservation efforts on private lands.  

 

Size and scope of changes if implemented 

Implications if applied to Federal Matrix lands 

If the variable buffer approach described in this analysis was 

implemented to BLM Matrix lands, Reeves et al. (2013) found that this would 

impact a relatively small amount of the total federal forest in western Oregon. 

We will focus on the implications for Moist Forests since they would probably 

be the most controversial.  Approximately 630,000 acres of the total 1.4 million 

acres of BLM forest classified as moist forest by Ecological Forestry is within 

two tree heights of a fish-bearing stream and one tree height of a non-fish 

bearing stream (Johnson and Franklin 2013). Further, Johnson and Franklin 

estimate that approximately 100,000 acres, less than 80 years of age, are 

currently within riparian reserves in BLM Matrix outside of areas designated 

as Critical Habitat or where other restrictions apply. Using the results from 

this analysis on seven study watersheds, approximately 45-65 percent of the 

acres within the current riparian reserve could potentially be reallocated to the 

land base for timber using ecological forestry, enabling the Matrix area to 

increase by 35-45%.  

This change represents 45,000-65,000 acres, or 8-10 percent of forest 

within two tree heights of fish bearing streams and one tree height of non-fish 

bearing streams (Reeves et al. 2013). Given that ecological forestry 
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prescriptions recommend rotation ages of 100 to 160 years (Franklin and 

Johnson 2012), a rotation age of 120 years would mean that approximately one 

percent of the BLM Moist Forest in western Oregon within the current 

riparian reserves could have openings created in the first decade. 

Expanding the approach to the entire federal Matrix (BLM and Forest 

Service) would yield similar results. Approximately 2.5 million acres lie within 

the current riparian reserve in Moist Forests (Reeves et al. 2013). Using the 

same rational for BLM Matrix as listed above, adopting the variable buffer 

approach could result in reallocation of about 10 percent of these acres and in 

openings being created on approximately one percent of Federal Moist Forests 

in western Oregon within two tree heights of a fish bearing stream or one tree 

height of a non-fish bearing stream within the first decade.  

 

Potential effect on wildlife 

Potential impacts to wildlife from the implementation of the variable 

buffer strategy presented in this analysis are expected to be small. Riparian 

areas can be habitat for many terrestrial species, including the Northern 

Spotted Owl, which was of particular concern during FEMAT (1993) and the 

Northwest Forest Plan. Much of the evaluation of effects on terrestrial species 

during the Northwest Forest Plan was focused on the harvesting of old and 

mature forests (FEMAT 1993), however, buffer recommendations by Reeves et 

al. (2013) are generally limited to stands less than 80 years old.  Also, as 

pointed out above, implementing these ideas on Federal Matrix lands would 

impact relatively little of the Federal Moist Forests of western Oregon and 

associated old growth stands (Reeves et al. 2013). 
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Conclusions 

Restoration efforts have historically been unsuccessful at rescuing fish 

populations due to the focus on specific stream reaches and not approaching 

watershed restoration from a big enough spatial scale (Richardson et al. 2012). 

Current support is growing towards evaluating watersheds from larger scales 

that allow for a holistic understanding of watersheds across land ownership 

types. In general, federal lands have been expected to bear much of the 

responsibility for the conservation and protection of aquatic species. However, 

this analysis demonstrates that both federal and private lands have 

ecologically important streams that vary in their distribution and proportion 

for each watershed. Based on this variable distribution, a “one size fits all” 

riparian management strategy across a particular landownership type may not 

be sufficient to conserve Pacific salmon and other aquatic and riparian 

dependent organisms. The US Forest Service has now begun to mandate an 

“all lands” approach in national forest planning. Consideration, and perhaps 

an emphasis, on higher importance stream segments across landownership 

type could provide a framework for efficient restoration and conservation of 

salmon species. This analysis would be relatively inexpensive to expand to all 

forested watersheds in western Oregon. Given the mosaic of land ownership 

throughout watersheds across Oregon, collaborative and innovative 

partnerships will have to be established that bring public and private 

landowners together to work towards promoting healthy aquatic ecosystems.  
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Table 3-1. Size, land ownership, distribution of fish and non-fish bearing streams, and percent of management classes for 

federal and non-federal land ownership for the seven study watersheds. 
 

Watershed 
Myrtle 
Creek 

Coquille 
Smith-

Siuslaw 
North 

Umpqua 
Applegate Nestucca McKenzie 

Total Acres 
76,207 381,629 784,948 591,772 260525 164,760 608,072 

% Federal land 
ownership 

41 37 55 66 67 64 57 

% Non-federal land 
ownership 

59 63 45 34 33 36 43 

Miles of fish bearing 
streams 

266 1084 2821 1030 986 485 3865 

Miles of non-fish 
bearing streams 

336 1961 3136 3115 1112 816 3294 

% Fish bearing streams 44 34 47 25 47 37 53 

% Non-fish bearing 
streams 

56 66 53 75 53 63 47 

% of the total 
stream 
network in 
Federal 
management 
classes 

1 6 6 11 9* 8* 10 8* 

2 4 5 11 3* 3* 6 4* 

3 5 7 8 19* 17* 9 17* 

4 19 17 23 45* 35* 38 31* 

% of the total 
stream 
network in 
Non-federal 
management 
classes 

1 20 14 14 3* 12* 10 7* 

2 14 11 12 2* 10* 10 4* 

3 7 11 6 6* 3* 3 7* 

4 25 29 15 13* 11* 14 22* 

* = Watershed was masked to only include private forested lands.  
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Table 3- 2. Criteria for identifying management class for each stream segment based on aquatic ecosystem importance. 

(Management classes 1 and 3 = higher priority; Management classes 2 and 4 = lower priority) 
 
 

Management Class Ecological Context Areas Priority 

 Fish-bearing streams  

1 Intrinsic potential for any species >0.5  
OR 
>10% increase in thermal loading potential  
OR 
Med-high erosion potential from adjacent upslope 
areas 

higher 

2 Other fish-bearing streams 
 

lower 

 Non-fish-bearing streams  

3 Med-high probability of delivering to a med-high reach 
OR a reach immediately adjacent to a med-high IP 
reach 

higher 

4 Other non-fish bearing streams lower 
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Table 3-3. Percent of fish-bearing and non-fish bearing streams classified as higher priority based on the partitioning of 

stream segments through site specific analysis for federal and non-federal lands in the study watersheds.   
 

Watershed 
Myrtle 
Creek 

Smith-
Siuslaw 

Coquille McKenzie 
North 

Umpqua 
Nestucca Applegate 

% of stream 
network in land 
ownership as 
high priority fish 
streams 

F
e
d
e
ra

l 57 53 58 69* 77* 62 73* 
N

o
n
-

fe
d
e
ra

l 

59 55 56 65* 61* 50 56* 

% of stream 
network in land 
ownership as 
high priority 
non-fish 
streams 

F
e
d
e
ra

l 20 27 30 36* 30* 19 32* 

N
o
n
-

fe
d
e
ra

l 

21 28 27 24* 25* 16 19* 

* = Percent of streams as high priority masked by forested lands. 
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Table 3-4. Site-potential tree heights and Riparian Reserve widths in study watersheds. 
 

Watershed 

Site-potential 

tree height (ft) 

Width of Riparian Reserve each side of stream (ft) 

fish-bearing  non-fish-bearing  

Myrtle Creek BLM 160 320 160 

Smith-Siuslaw 
BLM 220 440 220 

FS 250 500 250 

Coquille BLM 210 420 210 

McKenzie BLM/FS 180 360 180 

North Umpqua BLM/FS 180 360 180 

Nestucca BLM/FS 220 420 210 

Applegate BLM/FS 155 310 155 

* BLM = Bureau of Land Management; FS = National Forest Service 
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Table 3-5. Stream buffer maximum widths on private lands under the Oregon Forest Practice Rules for the Oregon Coast 

and western Cascades. Minimum width is 20’ on large streams. Actual width depends on width needed to meet targets 

for conifer retention.  
 

Stream size (average 
annual flow) 

Maximum width of stream buffer (feet) 

Fish-bearing Non-fish-bearing 

Small (0-2 cfs) 50 None 
Medium (2-10 cfs) 70 50 

Large (>10 cfs) 100 70 
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Table 3-6. Fish-bearing stream miles and percent of fish-bearing streams on private lands with intrinsic potential 

thresholds of 0.50 and 0.75 for the Smith-Siuslaw watershed. 
 

Management Class 1 – High priority fish-bearing  

Private fish-bearing stream miles with IP > 0.50  837 

Private fish-bearing stream miles with IP > 0.75 563 

% of fish-bearing streams on private lands with IP > 
0.50 

55 

% of fish-bearing streams on private lands with IP > 
0.75 

37 
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Figure 3- 1. Federal land ownership and the seven study watersheds in 

western Oregon. 
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Figure 3-2. Modeled fish-bearing and non-fish bearing streams (A), and 

riparian buffers on federal and private lands under current policy (B), streams 

partitioned by aquatic ecosystem values (C) and variable buffer widths 

analysis for federal lands (D) for the Big Creek Sub-Basin.  

C 

D 
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Figure 3-3. Percent of high priority fish-bearing and non-fish bearing streams 

for Federal and non-federal land ownership for the seven study watersheds.  
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Figure 3-4. Percent of low priority fish-bearing and non-fish bearing streams 

for Federal and non-federal land ownership for the seven study watersheds. 
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Figure 3-5. Miles of high priority fish and non-fish bearing streams in the seven study watersheds.  
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Figure 3-6. Figure 6. Percent of forest in stream buffers for BLM Matrix lands for Current Policy (CP), the Variable Width 

Buffer approach (VWB), and BLM Matrix lands if managed under Oregon Forest Practice Rules. Under Current Policy, 

the entire buffer is managed solely for ecological values. Under the variable width buffer approach, a portion of the buffer 

is managed for ecological values and a portion is managed for both ecological values and timber production using 

Ecological Forestry. See text for further explanation.  
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Figure 3-7. Percent of forest in stream buffers for Federal Matrix lands for Current Policy (CP), the Variable Width Buffer 

approach (VWB), and Federal Matrix lands if managed under Oregon Forest Practice Rules. Under Current Policy, the 

entire buffer is managed solely for ecological values. Under the variable width buffer approach, a portion of the buffer is 

managed for ecological values and a portion is managed for both ecological values and timber production using 

Ecological Forestry. The ecological forestry section is divided into fish-bearing and non-fish bearing management zones.  
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CHAPTER 4 - CONCLUSIONS 

 This research provides a framework for assessing the ecological 

importance of specific stream reaches within a watershed by recognizing the 

variability of ecological processes and disturbances that are important for 

Pacific salmon and other aquatic and riparian species. Whole watersheds were 

evaluated based on aquatic ecosystem values of intrinsic potential (Burnett et 

al. 2007), debris flow and erosion susceptibility, and the thermal loading 

potential of each stream reach within a watershed. NetMap (Benda et al. 2007) 

was used to conduct the geospatial analysis to provide a quantitative 

assessment of site specific watershed features. Streams were partitioned into 

higher and lower priority based on the three site specific features to determine 

the ecological context of particular locations of interest within a watershed. A 

riparian management strategy was then developed based on this classification 

that focuses on conserving and protecting aquatic and riparian ecosystems, 

while identifying possible increases in the land base for long term timber 

production. The goal of this work was to provide a criteria based system and 

associated riparian management strategy that could be applied to any 

watershed in western Oregon. 

 The ability to partition stream segments based on aquatic ecosystem 

importance demonstrates the variability within each watershed, and, more 

broadly, demonstrates this diversity of ecological processes across much of the 

forests of western Oregon. The classification system developed in Chapter 

Two was used to quantitatively evaluate approximately 2.5 million acres of 

forested land. The results of this research highlighted the extent of the 

variability in the amount of higher priority streams located on federal and 

private lands that currently exists in each watershed assessed. The spatial 
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distribution of the higher and lower management classes across each land 

ownership type is shown in Appendix 2 for each study watershed. Some of 

the study areas, such as the North Umpqua, Smith-Siuslaw, and Mckenzie, 

had proportionally more higher priority streams on federal lands. 

Comparatively, the Myrtle Creek, Coquille, and Nestucca watersheds had 

proportionally more high priority streams on non-federal lands. Therefore, the 

ability of a particular land ownership type to conserve salmon within each 

watershed is highly site-specific. The results of this thesis demonstrates that 

both federal and private lands have higher priority streams, and should be 

considered together when developing holistic riparian conservation strategies.   

 Historically, federal lands have been expected to shoulder much of the 

responsibility for the conservation of Pacific salmon within each watershed 

(FEMAT 1993). Yet, the results of this research show the inherent variability in 

the distribution and total amount of higher and lower priority streams across 

ownerships. Therefore, it is unclear if the approach of relying mostly on 

federal land conservation will be adequate to restore aquatic habitats and 

salmon populations. While modeling riparian conservation strategies on 

private lands was considered outside of the scope of this research, the 

classification system developed in Chapter Two can be used as a framework 

for concentrating restoration efforts on private lands. The determination of 

higher priority streams allows for conservation groups, watershed councils 

and others, the ability to identify the most important specific stream reaches 

on private lands within a watershed. Threshold criteria identified in the 

stream classification system could also be changed to higher limits that only 

encompass the very highest priority streams. Threshold criteria could be set at 

limits that reflect the level of conservation private land are willing to accept. 
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Additionally, possible land exchanges or purchases of private lands could 

benefit from focusing on these areas of higher priority.  

 The stream classification system based on aquatic ecosystem values 

was also used as the foundation for modeling a riparian management strategy 

(Chapter Three) for Federal lands. Reeves et al. (2013) reported that recent 

advancements in the understanding of aquatic and riparian ecosystems 

support possible refinement of riparian management strategies. Reductions in 

buffer sizes from two site potential tree heights (minimum 300 ft) on fish-

bearing streams to one site potential tree height (minimum 150 ft) was 

justified with recent published literature. A riparian buffer strategy 

recommended by Reeves et al. (2013) that recognizes the variable importance 

of stream reaches was then modeled for Federal lands. Buffer widths of one-

site potential tree height were allocated for all streams. Lower priority streams 

were allocated a two buffer approach with an inner buffer devoted solely to 

aquatic ecosystem goals and an outer buffer with dual goals of wood 

production and aquatic ecosystem improvement. In the lower priority buffers 

with a wood production component, ecological forestry (Franklin and Johnson 

2012) is recommended as the silvicultural strategy. 

 Applying the variable buffer strategy to Federal Matrix lands (BLM and 

Forest Service) would reduce current riparian buffers by 8-30 percent, varying 

by the watershed of interest. Portions of the riparian buffers determined to 

have both wood production and aquatic ecosystem goals, were found to 

encompass an additional 26-45 percent of the current riparian buffers within 

the outer buffers where ecological forestry would be permitted. Therefore, 

depending on the watershed of interest, this analysis presents a possible 

increase to the land base for long term timber production while still 
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maintaining the same level of conservation and protection of aquatic 

ecosystems. The difference between current federal riparian management 

policy and the strategies modeled in this thesis deal with the fact that 

protections are allocated based on ecosystem importance rather than using a 

fixed width buffer. As it exists, some portions of this riparian management 

strategy that may be controversial. Therefore it is important to note that 

adopting the variable buffer approach on Federal Matrix lands could result in 

a reallocation of about 10 percent of these lands. Openings in the forest would 

be created on approximately one percent over the first decade. In turn, this 

approach would be conservative if it were to be applied.  

 While this work could provide for an increase in the land base for 

timber production, results argue strongly for a holistic approach to watershed 

conservation, regardless of land ownership type. This repeatable framework 

could be applied to other species of interest and also be expanded to include 

other site specific watershed attributes that are important to a specific area. 

For example, the removal of roads from wilderness areas has been gaining 

social support in recent years. Using the stream classification system, forest 

roads immediately adjacent to high priority streams could be identified as 

potential candidates for removal. Additional work will also need to address 

agricultural lands, as these areas can represent large portions of some 

watersheds. Effective aquatic conservation strategies need to include these 

areas into future analysis if comprehensive watershed protection strategies are 

to be developed.  

 In summation, this research provides an alternative to the current 

riparian conservation strategies for forests of western Oregon. By recognizing 

the ecological variability within watersheds, buffer strategies that mirror this 
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variability can be crafted through a repeatable framework that allows for 

efficient allocations of riparian protections for aquatic habitats and salmon 

populations. In order to effectively achieve this, comprehensive approaches to 

watershed management that emphasize collective partnerships across land 

ownerships will be necessary. Watershed councils and other collaborative 

partnerships will play a pivotal role along with federal agencies, private land 

owners, politicians, and the timber industry to determine strategies to 

collectively and effectively conserve and protect forested watersheds in 

Oregon.  
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APPENDIX 1 - NETMAP VALIDATION 

In an attempt to validate the accuracy of NetMap modeled stream 

networks, we compared our results to Bureau of Land Management (BLM) 

field observations and current Oregon Department of Forestry (ODF) stream 

layers. Jonas Parker, a hydrologist from the BLM, recently created two small 

datasets of field-verified stream networks within the Smith-Siuslaw and 

Myrtle Creek watersheds. While small in spatial extent, these two datasets 

were completely validated by field observations. Additionally, the ODF 

surveys portions of stream networks when permitting activities to occur 

adjacent to streams. They maintain a working dataset of stream reaches 

surveyed. When combined, these two datasets provide an opportunity to 

compare NetMap stream networks with recent field observations to determine 

the strengths and weaknesses of the current computational models.  

Upon comparisons of BLM field observed stream networks, the current 

NetMap model typically defines stream initiation points lower in the channel 

than field observed stream reaches. At times, NetMap models stream 

segments that were not found in field surveys. Conversely, in other portions 

of the network, NetMap failed to model some small streams found during the 

field verification. Due to inconsistencies between NetMap and the field-

verified stream datasets, it is difficult to ascertain a quantitative metric that is 

unbiased. Therefore, it is unclear whether the current NetMap is under- or 

overestimating the miles of field-verified streams. We submit, upon visual 

inspection, that, in aggregate, the current NetMap model is slightly 

underestimating total miles of small streams in this comparison. Furthermore, 

we compared the fish-bearing determinations between the current NetMap 
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and field-verified data. Fish-bearing portions of the network were determined 

to be highly consistent between computation and field datasets. While a small 

amount of variation exists between the two, in general, NetMap’s modeling is 

very accurate at predicting larger, main-stem stream reaches and determining 

the theoretical presence or absence of fish. 

Current NetMap stream networks were also compared to ODF stream 

observed datasets. The ODF is primarily concerned with fish-bearing portions 

of the stream network, therefore, if a field technician observes a stream reach 

to be non-fish-bearing, the ODF assumes that there is no fish presence in the 

stream network above the surveyed point. ODF considers only game fish 

(anadromous and resident) and does not survey stream reaches beyond their 

initial no-fish determinations. Field technicians are given instructions to 

identify barriers or obstacles within the stream network (for example a 

blocked culvert) and assume no fish presence above these points. Often, 

resident fish have been found to occupy areas upstream of barriers or 

obstacles.  

Most of the field verification work done by the ODF was completed 

prior to 2007, as significant budget constraints drastically reduced the amount 

of field verifications the following year. Prior to 2007, the ODF evaluated 

stream networks based on actual fish presence and made their fish/no fish 

stream determinations based on electroshocking results. Beginning in 2008, 

the ODF altered their criteria for determining fish networks to a theoretical 

fish presence rather than field observed. ODF shifted to modeling methods 

similar to those used in the current NetMap due to their monetary constraints 

of sending technicians into the field for verification. 
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Given the inaccuracies demonstrated regarding the field-verification 

work of ODF methods, comparing non-fish bearing stream determinations 

between our current NetMap model and ODF is unrealistic. Thus, we have 

limited our comparisons to the fish-bearing portions of the stream network. In 

general, our current NetMap model was found to overestimate fish-bearing 

portions of the network. Within the ODF verified fish streams, NetMap 

modeled roughly 90 percent of those streams as fish, but, in addition, also 

modeled many more streams as fish-bearing that ODF designated as non-fish-

bearing. 

Broadly, our validation work has demonstrated that the current 

NetMap stream models are highly accurate in the fish-bearing portions of the 

stream network. Where some variation exists is typically higher in the 

watershed when evaluating small headwater streams. Defining stream 

networks has been proven to be highly variable among national and state 

agencies, primarily due to inconsistencies with original base data. Therefore, 

we contend that our current NetMap model is among the best representation 

of stream networks in our study areas given the status of current computation 

abilities. 
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APPENDIX 2 – SUPPLEMENTAL MAPS OF SEVEN STUDY WATERSHEDS 

 
Appendix 2-1. The fish and non-fish bearing portions of the stream network in the Applegate watershed developed using 

NetMap (Benda et al. 2007). 
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Appendix 2-2. Stream segments classified by aquatic ecosystem importance on Federal and private lands in the Applegate 

watershed. (Fish-bearing streams: red= higher, green=lower; Non-fish bearing streams: orange = higher, blue = lower) 
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Appendix 2-3. Stream buffers (see text for details) based on Reeves et al. (2013) for Federal lands and current buffers on 

private lands (Oregon Forest Practice Rules) in the Applegate watershed. 
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Appendix 2-4. The fish and non-fish bearing portions of the stream network in 

the Coquille watershed developed using NetMap (Benda et al. 2007). 
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Appendix 2-5. Stream segments classified by aquatic ecosystem importance on 

Federal and private lands in the Coquille watershed. (Fish-bearing streams: 

red= higher, green=lower; Non-fish bearing streams: orange = higher, blue = 

lower) 
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Appendix 2-6. Stream buffers (see text for details) based on Reeves et al. (2013) 

for Federal lands and current buffers on private lands (Oregon Forest Practice 

Rules) in the Coquille watershed. 
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Appendix 2-7. The fish and non-fish bearing portions of the stream network in the McKenzie watershed developed using 

NetMap (Benda et al. 2007). 
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Appendix 2-8. Stream segments classified by aquatic ecosystem importance on Federal and private lands in the McKenzie 

watershed. (Fish-bearing streams: red= higher, green=lower; Non-fish bearing streams: orange = higher, blue = lower) 
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Appendix 2-9. Stream buffers (see text for details) based on Reeves et al. (2013) for Federal lands and current buffers on 

private lands (Oregon Forest Practice Rules) in the McKenzie watershed. 
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Appendix 2-10. The fish and non-fish bearing portions of the stream network in the Myrtle Creek watershed developed 

using NetMap (Benda et al. 2007).  
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Appendix 2-11. Stream segments classified by aquatic ecosystem importance on Federal and private lands in the Mrytle 

Creek watershed. (Fish-bearing streams: red= higher, green=lower; Non-fish bearing streams: orange = higher, blue = 

lower)  
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Appendix 2-12. Stream buffers (see text for details) based on Reeves et al. (2013) for Federal lands and current buffers on 

private lands (Oregon Forest Practice Rules) in the Myrtle Creek watershed.  
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Appendix 2-13. The fish and non-fish bearing portions of the stream network in the Nestucca watershed developed using 

NetMap (Benda et al. 2007).  
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Appendix 2-14. Stream segments classified by aquatic ecosystem importance on Federal and private lands in the Nestucca 

watershed. (Fish-bearing streams: red= higher, green=lower; Non-fish bearing streams: orange = higher, blue = lower) 
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Appendix 2-15. Stream buffers (see text for details) based on Reeves et al. (2013) for Federal lands and current buffers on 

private lands (Oregon Forest Practice Rules) in the Nestucca watershed.  
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Appendix 2-16. The fish and non-fish bearing portions of the stream network in the North Umpqua watershed developed 

using NetMap (Benda et al. 2007). 
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Appendix 2-17. Stream segments classified by aquatic ecosystem importance on Federal and private lands in the North 

Umpqua watershed. (Fish-bearing streams: red= higher, green=lower; Non-fish bearing streams: orange = higher, blue = 

lower)  
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Appendix 2-18. Stream buffers (see text for details) based on Reeves et al. (2013) for Federal lands and current buffers on 

private lands (Oregon Forest Practice Rules) in the North Umpqua watershed.  
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Appendix 2-19. The fish and non-fish bearing portions of the stream network in the Siuslaw/Smith watershed developed 

using NetMap (Benda et al. 2007).  
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Appendix 2-20. Stream segments classified by aquatic ecosystem importance on Federal and private lands in the 

Siuslaw/Smith watershed. (Fish-bearing streams: red= higher, green=lower; Non-fish bearing streams: orange = higher, 

blue = lower)  
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Appendix 2-21. Stream buffers (see text for details) based on Reeves et al. (2013) for Federal lands and current buffers on 

private lands (Oregon Forest Practice Rules) in the Siuslaw/Smith watershed.  

131 


