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Land management policies are ideas about nature projected onto the
landscape. Culminations of social, economic, and scientific influences, these policies
create standards affecting the function of ecological systems. In the case of riparian
lands in the Oregon Coast Range, policy requirements vary considerably across
federal, state, and private land ownerships. Protective measures, such as the adoption
of fixed buffer widths for maintaining vegetation, are intended to preserve natural
processes important to instream habitat and water quality. However, the “policy
landscape” of variable management standards can result in a fragmented approach to
policy protection. This fragmentation complicates recovery efforts for threatened
anadromous fish species such as coho salmon (Oncorhynchus kisutch), which require
connectivity in suitable habitat segments throughout the river network.
Taking a riverscape perspective, this study evaluates how aquatic protections
vary across the river and its valley. To explore the patterns created from variable
standard, the study first delineates categories of riparian management standards in the
Oregon Coast Range. Using a geographic information system (GIS), these standards
are mapped across the river networks of this region. The extent of each policy
category is quantified in stream kilometers in order to evaluate policy efforts within
and across the riverscapes of the Oregon Coast Range. A model of intrinsic potential
for coho salmon habitat is used to identify the policy standards in stream reaches

where flow, valley constraint, and channel gradient are appropriate for coho salmon
habitat. A second model of the stream network (hydrography) is developed to
evaluate how differences in stream delineation can influence policy patterns.
Results indicate that riparian lands of the Oregon Coast Range are protected
by variable standards for land management, including buffer widths that range from 0
to ~152m. In streams important to coho salmon, a lower proportion of the stream
network was found to be protected by policy standards compared to the watershed
and ESU scale. A lack of stream data central to policy application (fish use, stream
flow duration, mean annual flow, water use) complicated our ability to attribute
stream segments with specific land management requirements. The choice of
hydrographic data was also found to influence the proportional extent of policies
within riverscapes. This framework for assessing the spatial distribution of policies
can provide insights for future studies of riverscape systems.
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Policy Patterns across Riverscapes: Riparian Land Standards in the
Oregon Coast Range
Introduction
Emerging social and scientific movements have led natural resource management
paradigms through multiple iterations since the 1960s. Originally focused on
simplification of ecosystems to benefit game species, the field has since expanded to
encompass habitat conservation and biodiversity concerns (Allan et al. 2011). Recent
ideas in stream ecology have focused on ecological functions (Williams et al. 1989, Poff
et al. 1997) within the context of natural disturbance regimes (Reeves et al. 1995). For the
management of aquatic ecosystems, emphasis has been placed on protecting conditions in
stream-adjacent (riparian) lands that serve as an important link between terrestrial and
aquatic ecosystems (Gregory et al. 1991). Maintaining vegetation in these areas allows
for multiple processes that are important for the creation and maintenance of instream
habitat which support native species (Naiman et al. 1993). Among their many ecological
functions, riparian areas contribute to inputs of litter and wood, retain sediment, trap
pollutants, store subsurface waters, and contribute to stream side shading (Naiman and
Decamps 1997).
However these processes have been significantly altered by land uses that clear
stream side vegetation, such as timber harvest, agriculture, and urbanization (Allan
2004). In the Oregon Coast Range, concern over the effect of land uses on native species
and water quality has led to the adoption of riparian land management standards
(Riparian Management Work Group 2000). These standards often mandate a target
condition for riparian areas and limit land uses in order to support water quality and
aquatic habitat goals (Richardson et al. 2012). These standards vary by ownership and
land use, with multiple regulating agencies given discretion to create standards. This
results in a variable policy response across a multi-ownership landscape (Spies et al.
2007).
Previous studies have considered the spatial context of environmental policy
standards. These have focused on collaborative capacity (Brody et al. 2003), policies
within federal forest management frameworks (Pickard 2014), policy goals across river
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networks (Fremier et al. 2015), and modeled outcomes of policies over long (i.e. 100year) time scales (Spies et al. 2007). However, natural resource policy studies often do
not fully categorize the variability of a multi-agency policy response to ecological
concerns, and none have used such categorization to inform an examination of policy
placement across ownerships and land uses at large spatial scales. The purpose of this
research effort is to link the variability of standards to their jurisdictional application
across riverscape systems. In order to do this, this study seeks to categorize the riparian
land management standards of the Oregon Coast Range, identify the variability of policy
requirements for riparian land management, and quantify the extent of the stream
network falling within individual standards. In Chapter 1, the scientific basis for riparian
management is explored. This chapter reviews key studies that have linked forested
riparian areas to instream condition, with an emphasis on studies focusing on coho
salmon (Oncorhynchus kisutch), a threatened salmonid in the Oregon Coast Range. In
Chapter 2, the riparian land management policies of the Oregon Coast Range are
reviewed and categorized based on specific categories of standards. This categorization
establishes the variability of riparian standards across the study region. In Chapter 3, we
overlay these biophysical and policy contexts using a riverscape framework by mapping
policy standards onto the river networks of the Oregon Coast Range. The extent of each
policy category are then compared, giving insight into the spatial distribution of policy
requirements. Policy application is quantified across three spatial extents: the Oregon
Coast Range, the 84 individual HUC-10 watersheds of the region, and within stream
segments of potential habitat for coho salmon. In Chapter 4, we assess how a different
representation of the river network (hydrography) can influence our understanding of
policy patterns. Taken together, these steps create a framework for evaluating a policy
response to an ecological management concern across multiple agencies encompassing
multiple spatial extents. Evaluating the spatial context of a policy analysis allows for a
new approach for quantifying the fragmentation of management efforts in natural
resource policy.
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Chapter 1) Biophysical ecotones: The basis for riparian management
policies in the Oregon Coast Range
Introduction
Riparian lands are important ecotones spanning aquatic and terrestrial ecosystems
(Clary and Medin 1999). Numerous studies have explored the ecological links between
terrestrial and aquatic systems (Gregory et al. 1991; Allan 2004). There is a large
exchange of material, energy, nutrients, and biota between these two systems (Gregory et
al. 1991) which link these ecosystems through time and space. These lands are gradients
between physical environments, or ecotones, where adjacent habitats can be highly
affected by management action (Clary and Medin 1999). Riparian lands play critical
functions developing and maintaining habitat structure in stream systems (Correll 1997;
Naiman and Decamps 1997; Gergel et al. 2002). This include the role of riparian systems
in regulating stream temperature, filtering sediment and nutrients, preserving seasonal
flows, maintaining bottom-up ecosystems drivers, and maintaining a supply of large
wood (Gregory et al. 1991). Further, these areas can produce some of the most
ecologically productive and diverse of all terrestrial habitats (Naiman et al. 2010).
However riparian processes have been significantly altered by land uses that clear
stream side vegetation, such as timber harvest, agriculture, and urbanization, and
significantly alter riparian processes (Allan 2004). The influence of riparian management
on aquatic ecosystems has been a fundamental justification for the creation of policies
guiding riparian management actions in the Oregon Coast Range (FEMAT 1993; IMST
1999). To understand the context of riparian management standards, this chapter reviews
key studies focused on the role of riparian processes on stream habitat and water quality
in the Pacific Northwest region of the United States. While the review focuses on this
region, studies from other areas are included to provide additional context. Shifts in
ecological processes due to land uses are detailed based on these studies. The role of
riparian processes in creating instream habitat for coho salmon, a threatened salmonid
(Weitkamp et al. 1995) that is the focus of current recovery efforts (NMFS 2015), is also
established.
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The influence of riparian processes on aquatic ecosystems
Regulation of Stream Temperature
Stream temperature is a critical environmental variable that determines organism
distribution, rates of growth and development, community structure, and biogeochemical
processes throughout river networks (Poole and Berman 2001). The maintenance of
natural thermal regimes have become central to the management of lotic ecosystems (Ice
et al. 2004; Johnson 2004). This has led to an emphasis on understanding the underlying
mechanisms of stream heating (Oke 1987; Boyd and Sturdevant 1997), including the
effects of riparian land clearing on stream thermal condition (Moore et al. 2005).
Direct solar energy acts as the primary heating mechanism resulting in increased
temperature in river systems (Figure 1-1, see also Caissie 2006). Thus, forested riparian
areas can serve a direct role in regulating temperature through the provision of shade over
the water surface (Beschta et al. 1987). Stream shading provided by vegetation can
reduce the amount of heat energy delivered to a stream from solar radiation (Groom et al.
2011a). Riparian areas also help maintain local microclimatic conditions, including wind
speed, humidity, and local air temperature which can affect stream thermal conditions
(Olson et al. 2007). Intact riparian canopies can aid in heat loss by slowing down the rate
of heating, lowering local air temp, and changing rates of evaporation (Moore and
Wondzell 2005).

Figure 1-1: Stream energy balance showing the prevalent heat energy flux attributed to solar
radiation for an unshaded stream in Oregon (from Boyd and Sturdevant 1997).
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Vegetated streamside riparian areas result in a higher amounts of stream side
shade, and can effectively mitigate stream warming due to forest harvest (Figure 1-2).
Protected riparian areas, or buffers, have been found to control temperature variation
(Barton et al. 1985; Groom et al. 2011b). The efficacy of these buffers is also tied to
landscape drivers, physical channel processes, and climatic conditions which interact at
multiple scales throughout a river network (Moore and Wondzell 2005).

Figure 1-2: The response of stream temperature increases with different riparian buffer
treatments, compiled from numerous studies in the Pacific Northwest (Oregon Department of
Forestry 2015).

Forest harvest along low-order streams can result in increases in stream
temperature (Beschta et al. 1987; Moore et al. 2005; Groom et al. 2011b). The magnitude
of these increases has been found to increase with stream harvest length (Dent et al.
2008). Clear cuts may lead to the warming of shallow groundwater, resulting in heat
advection, which could limit the effectiveness of buffers (Bourque and Pomeroy 2001).
However, other studies have shown that cool groundwater inflow can help moderate the
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warming effects of shade reduction in low order streams (Moore et al. 2005). Further
downstream, riparian cover and groundwater begin to exert less influence due to thermal
inertia (Sullivan et al. 1990; Poole and Berman 2001). As stream width increases,
riparian vegetation provides shade to a smaller percentage of the stream channel,
exposing a greater area of water surface to solar radiation. A study in Australia saw the
influence of streamside shade diminishing when stream widths exceeded 10m (DavisColley and Quinn 1998). However, preserving vegetated streamside areas may protect
pockets of cold water refugia in larger reaches, including the preservation of cold
alcoves, floodplain springbrooks, cold side channels, and lateral seeps (Poole and Berman
2001; Ebersole et al. 2003).
Many studies have focused on the cumulative effects of physical processes on
stream warming. Generally speaking, mean stream temperatures naturally increase in a
downstream direction (Caissie 2006; Harewood 2015) with predictable patterns of
warming in a downstream direction under full canopy cover (Sullivan et al. 1990;
Zwieniecki and Newton 1999). However, this trend does not completely characterize
temperature patterns of small streams (Dent et al. 2008). Longitudinal patterns can be
highly variable in these systems due to instream processes that influence temperature at
the stream-reach and stream-segment scales, as well as variations in physical attributes
from stream segment to segment (Torgerson et al. 1999). From a watershed perspective,
the cumulative effects of land management activities may contribute to substantial
increases in downstream warming at the watershed scale (Beschta and Taylor 1988;
Bourque and Pomeroy 2001; Pollock et al. 2009).
It has been argued that shaded reaches only protect from thermal gains and cannot
cool heated water (Beschta et al. 1987). However, the phenomenon of streams cooling
has been observed in forested reaches (Caldwell et al. 1991; Zwieniecki and Netwon
1999). Further, Johnson (2004) found that downstream cooling could occur in areas with
no groundwater or hyporheic inflow, suggesting that greater research is necessary for
understanding longitudinal stream temperature patterns.
In the Pacific Northwest, stream temperature studies are heavily concentrated in
forested headwaters, while the effect of urban and agricultural land uses are understudied
(Borman and Larson 2003). Studies outside the Pacific Northwest have established the
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influence of agricultural and urban land uses on stream temperature. The elimination of
riparian vegetation in urban areas has led to increases in temperature (Krause et al. 2004).
Heated run-off from paved areas can be a significant driver of temperature increases
(Galli and Dubose 1990; Webb and Noblis 1995; Nelson and Palmer 2008). Further,
these areas co-occur where effluent discharges from industrial and municipal uses are
often concentrated, often resulting in spikes in temperature (Kaushal et al. 2010).
Agricultural landowners often clear stream-side vegetation for crop production, removing
shade and elevating stream temperatures (Issak and Hubert 2001). Cattle can further
exacerbate stream temperature increases (Belsky et al. 1999) by eroding banks and
widening channels (Darling and Coltharp 1973; Armour 1977).
Streambank Stabilization
The root structure of streamside vegetation provides for the stabilization of stream
banks (Castelle et al. 1994). Removal of streamside vegetation contributes to an increase
in sediment delivery to stream systems (Shisler et al. 1987). Cleared riparian areas
promote erosive processes which can lead to sedimentation that clogs salmonid spawning
gravels (Scrivener and Brownlee 1989). Significant increases in suspended sediment have
been observed due to forest clearcut harvest (Jackson et al. 2001; Zegre et al., 2008), with
depths of fine sediment delivery up to several centimeters thick (Jackson et al. 2001;
Rashin et al. 2006). The cumulative effect of sediment from cleared riparian areas may
affect downstream water quality (Alexander et al. 2007). These actions can also drive the
widening and shallowing of streams (Allmendinger et al. 2005), allowing for greater
input of solar radiation which can drive temperature increases (Moore et al. 2005;
Beschta and Taylor 1988).
Filtration of Nutrients
Streamside vegetation promotes the filtering of nutrient from the terrestrial
environment, which can help reduce the input of runoff into streams (Doyle et al. 1977;
Dillaha et al. 1989). During storm events, water flooding into riparian areas may be
cleansed of sediments, nutrients, and toxic materials due to particulate trapping and the
binding of materials to leaf litter and soils in these areas (Correll 1997). Concentrations
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of nitrate in shallow groundwater decline as the ground water moves through riparian
zones before reaching stream channels (Gilliam et al. 1974; Gambrell et al. 1975). This
has been observed in agricultural regions of western Oregon (Davis et al. 2007).
Different types of land uses can contribute to an increase in nutrient concentration
in surface waters, shifting ecological processes and aquatic communities (Carpenter et al.
1998; Diaz and Solow 1999). Nitrates, phosphates, and organic compounds can all leach
from adjacent lands into stream systems. Agricultural land use practices have been
associated with high input of sediment, nutrients, and pesticides (Allan 2004).
Agricultural land use has been found to explain a large amount of variation in yields of
nitrogen, phosphorous, and sediments across watersheds (Jones et al. 2001). In urban
areas, riparian buffers can be important not only for shade but also for filtering and
reducing inputs of sediment and nutrients into stream systems (see review by Cadenasso
et al. 2008).
Preservation of Seasonal Flows
Streamside vegetation increases water infiltration rates, affecting the seasonality
of discharge (Caissie 2006). Riparian areas can also store cool water from spring flood
events, releasing stored waters into stream channels through subsurface flows during the
summer season, effectively increasing baseflow volumes and regulating stream
temperatures (Elmore et al. 2003). Land use activities such as clearcutting or cattle
grazing can reduce infiltration, leading to higher discharge immediately following
precipitation events and less storage in the subsurface (Harr 1976; Belsky et al. 1999).
These land uses fundamentally can alter the timing, routes, and magnitude of peak
discharges to streams (Jones and Grant 1996).
Macroinvertebrate Community Change
Riparian management activities can directly affect instream productivity, resulting
in species composition shifts of macroinvertebrate communities and a subsequent
bottom-up response through the ecological system (Sponseller et al. 2001). Removal of
streamside shade increases insolation, stimulating primary productivity in the stream
which can result in higher amounts of algae (Stone and Wallace 1998; Jackson et al.
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2003). With higher algal production, a shift in the macroinvertebrate community from
shredders to grazers can influence food availability for fish (Hetrick et al. 1998). The lack
of streamside vegetation can also decrease allochthonous organic input from streamside
vegetation, further driving a shift in macroinvertebrate communities (Wallace et al.
1997).
Large Wood Recruitment
Forested riparian areas allow for large wood recruitment in streams. Large wood
can be transported to streams through disturbance events, including flooding, storm
events, windthrow, and mass movement events such as debris flows or slides (May et al.
2003). Once deliver to streams, the wood will be mobilized, transferred, and stored
throughout the river network (Gurnell et al. 2002). In-stream large wood influences
stream channel morphology (Buffington and Montgomery 1999) through the routing of
hydrologic conditions (Keller and Swanson 1979) and the creation of complex instream
habitat (Bilby and Bisson 1998). Large wood abundance has been correlated with a
higher percentage of pool habitats in moderate-sloped channels (Beechie and Sibley
1997). These pools can contribute to the amount of cold water habitat available through
the river network (Montgomery et al. 1995). The scientific consensus is that large wood
availability is a crucial component of stream ecological function (Maser et al. 1988).
Riparian areas are sources of large wood to stream systems, as a majority of
instream large wood originates from adjacent lands (Bilby and Bisson 1998). Studies
have concluded that the first 30 meters adjacent to the stream channel can maintain 7099% of the large wood input to streams, with diminishing amounts coming from
distances farther from the stream (Murphy and Koski 1989; Robison and Beschta 1990).
However, mass movement events including landslides or debris flows from upslope areas
can also be a major contributor of large wood to aquatic systems. These contributions are
common in high elevation streams where forest cover is retained (Gregory et al. 1991).
These mass wasting processes can comprise a large amount of wood contribution
downstream in 4th order river systems, creating management considerations for both
streamside and upslope wood contributions through a riverscape (Reeves et al. 2003).
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Habitat needs for coho salmon
Over the past four decades, numerous studies have observed the structure of
habitat types used by coho salmon throughout their life history. Coho densities have been
found to be highest in low-gradient floodplain reaches with numerous pools and abundant
large woody debris (Nickelson 1998; Wissmar 2010). Densities have also been correlated
with low valley constraint (Hicks 1989). Coho also prefer mid-sized mainstem rivers and
small to mid-sized tributaries (Burnett et al. 2001; Flitcroft et al. 2012).
Coho habitat needs shift through the seasons in the Oregon Coast Range
(Nickelson et al. 1992) as well as across years (Flitcroft et al. 2014). The availability of
winter habitat has been suggested as a controlling factor of coho salmon production
(Solazzi et al. 2000). Winter freshets can drive juvenile coho from the system without
shelter and refuge from high flows (Tschaplinkski and Hartman 1983). Lower-velocity
nurseries are thus an important habitat influencing juvenile survival (Moyle 2002).
Sidepools, back channels, and old beaver ponds have all been shown to be used as cover
by coho salmon during the winter (Bustard and Narver 1975). Log jams, undercut banks,
and deep pools have also been found to be important features of winter nursery habitat
for juvenile coho (Bustard 1973; Bustard and Narver 1975; Tschaplinksi and Hartman
1983). During summer, extensive coho salmon movement can be triggered by
excessively high water temperature (Kruzic 1998). An increase in downstream summer
temperature can push coho salmon upstream out of their preferred low-velocity habitat
(Chesney et al. 2007). Low summer baseflows can also impact accessibility of habitat, as
variation in coho salmon freshwater migration has been concluded to be controlled by
accessibility to spawning grounds (Quinn 2005).
Influence of land uses on coho habitat availability
Studies have detailed the effect of land use such as agriculture, urbanization, and
forest practices on coho salmon abundances. Variation in coho spawner abundance has
been attributed to land ownership and the percentage of land in agricultural use in the
Oregon Coast Range (Steele et al. 2012). Coho densities in forest areas have been found
to be 1.5-3.5 times that of rural, urban, and agricultural areas (Pess et al. 2002). Rates of
decline have been correlated with agricultural land use (Bradford and Irvine 2011), while
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coho abundance have been observed to increase with the proportion of streamside forest
at both reach and watershed scales (Pess et al. 2002; Firman et al. 2011). Increasingly
urbanized landscapes experienced a 75% decline in coho salmon use over a 17 year
period in four rivers in western Washington (Bilby and Mollot 2008). Stream segments
with destabilized banks, resulting from clearcut harvest practices, have been shown to
eliminate use by overwintering coho (Tschaplinkski and Hartman 1983).
Conclusion
Numerous studies have identified the ecological functions of riparian areas as
well as the ability of these lands to help mitigate land use impacts on stream systems.
Achievement of water quality objectives is aided by maintaining vegetated riparian
corridors (Broadmeadow and Nisbet 2004). Riparian processes allow for key linkages
between aquatic and terrestrial systems that aids in the development of aquatic and
riparian habitat (Wiens 2002). Riparian management approaches are thus central to
strategies for the management of aquatic ecosystems (Adams 2007; Richardson et al.
2012). However, bridging scientific consensus with management reality is complicated
by the legal context of riparian standards. In adopting scientific ideas into policy,
numerous economic and social interests must also be considered (Clark 2002). In Chapter
2, we establish the policy context that has resulted in variable riparian land management
standards in the Oregon Coast Range.
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Chapter 2) Legal ecotones: Categorizing riparian land management
standards in the Oregon Coast Range
Introduction
Concerns for aquatic ecosystems and water quality have led to the regulation of
land management activities within riparian areas. However, conflicting ideas about
aquatic and terrestrial management objectives has led to a fragmented policy response,
where standards vary based on ownership and land use (Johnson et al. 2007).
Understanding the variability in current riparian management standards and identifying
lands in which there are gaps in standards can be informative to population-scale
conservation efforts for threatened species such as coho salmon (Brody et al. 2003; Spies
et al. 2007; Fremier et al. 2015). The goal of this chapter is to answer the question: what
is the variability of riparian land management standards in the Oregon Coast Range? To
answer this question, the riparian management policies of the Oregon Coast Range are
reviewed. Policy categories of specific standards are identified. This categorization
process establishes the range of management standards that may be required for a given
stream segment in the Oregon Coast Range. In order to understand the current policy
context of riparian management, this review also summarizes concerns over these policy
approaches. The categories of riparian management standards are then used to quantify
the spatial extent of these different policy standards in Chapter 3.
Riparian areas as legal ecotones
The biophysical role of riparian areas bridging terrestrial and aquatic systems is
matched by their legal context spanning public and private interests. Waterways are
protected through federal and state oversight under the public trust doctrine, which places
responsibility in the state to safeguard public resources for the benefit of current and
future generation (Sax 1970). The public trust doctrine is the fundamental justification for
federal and state efforts to manage water quality and quantity (Sax 1970). This legal
doctrine, a component of common law since the time of the Romans (Wilkinson 1988)
acknowledges the public right to use water. The state must ensure that conditions
necessary to support public uses are not compromised by the actions of a private interest
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(Wilkinson 1980). The state is responsible for protecting the public interest in waterways
and is charged with employing its inherent police powers to protect these uses from
interference by private actions if necessary (Johnson 1988; Wood 2013). In the United
States, the beneficial uses established for waterways vary by state, but at a minimum
include commerce, navigation, and fishing (Craig 2010).
The Oregon state government and courts have adopted explicit public trust
responsibilities in waterways, offering these systems the highest degree of protection
(Morse v. Division of State Lands 1979). The state constitution specifies that the
beneficial uses of waterways are public uses protected by the state for the public (Art. I,
§1). The Water Rights Act (ORS § 537) declares that all water within the state belongs to
the public, including ground water (ORS § 537.636). Public uses of riverine systems
include the maintenance and enhancement of aquatic and fish life, extending public trust
protection to certain ecological values (ORS § 537.637). State responsibilities for
maintaining, preserving, or recovering ecological systems have become a mechanism for
the adoption of standards guiding riparian management actions. For example, public trust
responsibility is a central justification within the Forest Practices Act and resulting Forest
Practices Administration Rules (ORS § 527.630(2)).
However, terrestrial environments are tied to historic private property interests to
use land (Cocklin et al. 2007). The Fifth Amendment of the U.S. Constitution states that
private property shall not be taken for public use without just compensation (U.S. Const.
amend. V). Courts base the determination of a taking and the compensation of a taking on
the question of public use (Rosenbaum 1977). In numerous cases, the courts have
provided a strong basis for protection of historic private property rights (Rose 1996;
Wright and Czerniak 2000;; see United States v. Larkins 1988). Other policy action can
further safeguard historic land uses by discouraging regulation. For example, Oregon
passed a property rights measure (Measure 37) in 2000 which required that any
regulatory action altering the use or market value of property must compensate
landowners for that alteration (Cannavò 2007).
This fundamental tension between public resources and private property define
riparian areas as legal ecotones, encompassing fundamentally different legal ideologies
with unclear and judicially-evolving boundaries. The protection of waterways, including
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maintaining the beneficial uses of these waterways to provide for aquatic habitat, is a
state responsibility to its citizens. However, the more land that landowners are required to
preserve in a vegetated state reduces the land area available for agriculture, forest harvest,
urbanization or development, and thus could result in economic harm (Altshuler et al.
1993). The creation of riparian land management standards necessitate a balancing act
between protecting public trust interests and maintaining certain historic private property
rights (Sax 1971; Sinden 2007). The restrictive or permissive nature of these standards
will reflect the approach of a management agency in developing an appropriate
compromise between interests (Rose 1998).
Also driving the development of riparian management standards are federal
regulatory efforts to maintain water quality and recover threatened species (Table 2-1). In
particular, the Endangered Species Act of 1973 (ESA) and the Federal Water Pollution
Control Amendments of 1972 (the Clean Water Act; CWA) have been significant drivers
linking federal concerns with state management action. The Endangered Species Act
affects land management by prohibiting activities that may lead to species decline for at
risk species. The Clean Water Act mandates that states list the beneficial uses of their
waterbodies and apply standards of water quality through narrative and numeric criteria
specifying the acceptable levels of pollutants.
In the Oregon Coast Range, the length of stream kilometers listed as water quality
limited has led to concern that existing land management policies are insufficient (Ice et
al. 2004; Adams 2007). State water quality standards have been established with numeric
and narrative criteria for waterways to meet beneficial uses such as fish and aquatic life
(Table 2-2). These standards create water quality thresholds intended to maintain cold
water habitat and other fisheries habitat needs. The federal listing of coho salmon as a
threatened species of concern under the ESA has placed added pressure on state agencies
to adopt land management standards to protect stream habitats.
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Table 2-1. Federal policy mechanisms for the creation of riparian management standards
Policy

Purpose

Actions

Clean Water Act
(33 U.S.C.
§§1251-1387)

Provides a federal framework for water
quality protection, delegating specific
regulatory efforts to states for the
development and implementation of
water quality standards (303(a)) while
maintaining concurrent federal
jurisdiction (404(t))

• The CWA creates a regulatory permitting system
allowing polluting agents to apply for a permit for any
point source pollutant.
• However, nonpoint source pollutants from land use
activities such as forestry and agriculture are exempt from
permitting, leaving a gap in protection and the possibility
of further degradation to waterways.

To conserve threatened and endangered
species and the ecosystems on which
they depend (16 U.S.C. § 1531
(2)(a)(5)(b))

• Once listed, protective measures and recovery planning
efforts are put in place intended to protect the species from
further decline.
• Species are given protection from adverse effects of
federal activities through a consultation process.
• Other protective measures include restriction on taking of
the species through direct or indirect harm, including
habitat modification.
• Significant civil and criminal penalties can apply for ESA
violations.

Endangered
Species Act of
1973 (16 U.S.C. §
1531 et seq)
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Table 2-2. Oregon’s Water Quality Standard applicable to the protection of salmonid species
Policy
Purpose
Standards

Oregon State
Water Quality
Standards (OAR
§ 340-041-0028)

• Oregon has ten designated beneficial uses for its streams, including fish and aquatic
life.
• Standards for habitat modification require that conditions must not be in place that are
harmful to fish or other aquatic life [OAR § 340-41-(basin)(2)(i)].
• Waters must support aquatic species without detrimental changes to the resident
The stated goal of these
biological communities (OAR § 340-41-027).
standards are “to protect, • Salmon and trout rearing streams have an 18 ºC standard (OAR § 340-041-0028-4c).
maintain and improve the • A temperature standard of 20 ºC is in place for salmon migration corridor use.
quality of the waters of
• There is a 13ºC threshold for salmonid spawning, egg incubation, and fry emergence.
the state for public water • Streams identified as containing cold water pockets are required to maintain
supplies, for the
temperatures below 16 ºC degrees Celsius based on a seven-day-average maximum
propagation of wildlife,
temperature (OAR § 340-041-0028-4(b)).
fish and aquatic life and
• Human activity cannot result in temperature increases above 0.3 ºC in any waterway
for domestic,
supporting cool water species or in waters determined to be ecologically significant to
agricultural, industrial,
cold-water holdings (OAR § 340-041-0028-11(a)). This includes both waterbodies
municipal, recreational
containing cold-water holdings, or those supplying cold water to downstream reaches
and other legitimate
supporting cold-water biota (OAR § 340-041-0006 (57).
beneficial uses” [ORS §
• Standards for erosion and sedimentation in aquatic systems are narrative. Sediment
468B.015(2)].
cannot be detrimental to fish, aquatic life, public health, recreation, or industry (OAR §
340-21(basin)(2)(j).
• Further standards relative to sedimentation are found in the numeric standards for
turbidity. This establishes a relative benchmark for operation standards requiring no
greater than a 10% increase in turbidity due to operational activities occurring
persistently (OAR § 340-41-(basin)(2)(c)).
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Gaps in protection: prescriptive vs. outcome-based policies
The policy protection offered to riparian areas varies based on the regulatory
mechanism used to meet policy goals. Regulatory mechanisms include prescriptive and
outcome-based policies. With prescriptive policies, governing agencies such as the
Oregon Department of Forestry (Oregon Department of Forestry), the US Forest Service
(USFS), or the US Bureau of Land Management (BLM) set specific standards for
permissible management actions that landowners are expected to follow. These standards
are intended to make clear what is and is not allowed in land management. Prescriptive
riparian management policies often set fixed buffer widths where some management
actions are allowed and others are prohibited. Using a fixed width approach, agencies
specify target conditions within riparian corridors and apply these standards across large
spatial extents. In the Oregon Coast Range, this regulatory approach is central to the
Northwest Forest Plan, State Forest Management Plans, and the Oregon Forest Practices
Administrative rules.
An outcome-based policy approach does not prohibit or prescribe specific
management activities or standards to landowners. Instead, agencies such as the Oregon
Department of Agriculture (ODA) offer voluntary best management practices to meet
water quality goals, while leaving management decisions to individual land owners.
Agency intervention only occurs if there is a violation of water quality standards that can
clearly be linked to a specific landowner (Department of Agriculture 2015a). Outcomebased policies are used in Oregon’s Agricultural Water Quality Management Plans,
which recommend best management practices for agricultural land use and rely on
voluntary adoption of these practices. These areas can create gaps in policy protection
due to a lack of land management standards.
Prescriptive Policies
Under a prescriptive riparian management policy approach, agencies create
detailed rules delineating the management actions and outcomes that are allowed and
those that are prohibited. By delineating standards using a fixed buffer width approach
(further detailed later in this chapter), these policies give landowners specific guidelines
for compliance while providing agencies with a centralized standard. While debate exists
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about how prescriptive standards should be enacted (Holling et al. 1996), the approach
does set a clear protective standard and outlines specific requirements of these policies.
This standard of compliance creates policies that can be uniformly enforceable across an
agency’s jurisdiction (Wagner 2000). In comparison to outcome-based policies, a
prescriptive policy approach is often considered administratively simpler due to these
uniform expectations (Richardson et al. 2012). These standards can provide evidence to
courts that an agency is acting to uphold its public trust resource protection
responsibilities (Wood 2013). Such an approach can be an effective mechanism to limit
pollution (Cole and Grossman 1999).
Outcome-based Policies
Outcome-based riparian management policies focus on water quality, where
regulatory intervention is triggered by a violation in water quality standards. Regulatory
action may occur only in a case of repeated direct violation to water quality standards
traceable to a landowner. Specific land management requirements are not mandated
through such an approach. The flexibility of an outcome-based approach can allow for
landowner innovation while maintaining private property rights (Ice 2004). However, this
approach is contingent on monitoring, which is problematic when direct environmental
impacts are difficult to quantify or source (Kaushal et al. 2011). Tying downstream water
quality exceedances to specific upstream land management impacts is notoriously
difficult, often involving a great deal of monitoring with the possibility of inconclusive
results (Dowd 2008). The efficacy of outcome-based approaches to solving natural
resource management concerns is often difficult to assess (Meredith 1997; Coglianese
and Nash 2002).
Outcome-based policy approaches are implemented to address non-point source
pollution in agricultural regions. As these areas are the leading sources of water quality
impacts to rivers in the country (U.S. Environmental Protection Agency 2000), there are
concerns that this choice of regulatory mechanism is misaligned with land use impact
(Houck 1999; Williams 2002). Water quality issues from traditional agricultural land use
practices include contamination by fertilizers and pesticides, soil erosion and salinization,
animal wastes, and habitat alteration (Pimentel et al. 1995). Segments of poor water
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quality are often concentrated in areas offering little to no protection though land
management standards (Williams 2002). Recently, the National Oceanic and
Atmospheric Administration and the Environmental Protection agencies rejected the nonpoint source pollution plan of the State of Oregon (U.S. Department of Commerce 2015),
including questioning if the current approach to agricultural land regulation in Oregon are
sufficient to stop water quality degradation. Concerns include: 1) limited enforcement of
the measure, 2) the lack of specific buffer requirements, 3) the focus on treating impaired
waters rather than focusing on preventing pollution, 4) the lack of a formalized process to
track the effectiveness of the policy, and 5) the lack of planning to address legacy issues
created by past land use activities that can have a significant impact on present stream
conditions.
Review of the riparian management policies of the Oregon Coast Range
Land management standards are detailed within policies, defined as a group or
agencies’ commitment to a particular course of action (Pielke 2007). The Northwest
Forest Plan, State Forest Management Plans, Forest Practices Administrative Rules, and
Agricultural Water Quality Management Plans are the four major policies guiding
riparian land uses in the Oregon Coast Range. Their jurisdictional extent is based on
ownership, and further subdivided based on land-use on private lands (Table 2-3). The
Agricultural Water Quality Management Plan is the only major riparian policy relying on
outcome-based standards. Urban, tribal, and other jurisdictions have variable plans based
on local decision making (Spies et al. 2007).
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Table 2-3. Riparian management policy approaches based on ownership and land use
Policy

Ownership

Mechanism

Northwest Forest Plan - Aquatic
Conservation Strategy

Federal forest lands
(USFS, BLM, NPS)

Prescriptive

Oregon State Forest Management
Plans

State forest lands

Prescriptive

Forest Practices Administrative
Rules - Water Protection Rules

Private forest lands

Prescriptive

Agricultural Water Quality
Management Plans

Agricultural lands

Outcome-based

Other Policies (Oregon
Comprehensive Plan, Tribal
Plans, Local Plans)

Local, urban, tribal

Variable

The Northwest Forest Plan – Federal Lands
The Northwest Forest Plan (NWFP) was enacted to address habitat degradation
on federal lands in the Pacific Northwest (USDA and USDI 1994). The plan was
developed as a series of amendments to Land and Resource Management Plans for the
Bureau of Land Management (BLM) and the US Forest Service (USFS). It develops
standards for federally-owned matrix lands managed for multiple purposes, including
timber harvest and ecological conservation. The plan covers US Forest Service and
Bureau of Land Management lands, and has additionally been extended to cover National
Park Service Lands. In the Oregon Coast Range, this includes the Siuslaw National
Forest and portions of the Siskiyou and Umpqua National Forests.
The NWFP contains an Aquatic Conservation Strategy (ACS) focused on
management of stream systems and their riparian corridors (FEMAT 1993). This strategy
sets four key programs for the management of public lands: the designation of key
watersheds, analysis of watershed conditions, watershed restoration efforts, and
conservation of riparian reserves. Focusing on public lands, the key watershed program
delineated a system of watersheds crucial for providing habitat for at-risk fish species and
high quality water for human consumption. The goal for watershed analysis was to
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create a framework of monitoring and data collection in order to better refine
management objectives to specific watersheds. This analysis would assess variations in
the geomorphic and ecological processes across watersheds in order to better set
standards. The goal for this data was to help inform the creation of specific standards
within watersheds as well as help inform and prioritize the watershed restoration
program. The watershed restoration program was created with the aim of long-term
restoration of watershed health to preserve and maintain aquatic ecosystems (USDA and
USDI 1994).
The riparian reserves program of the ACS sets standards and guidelines for
riparian management on public lands. Riparian reserves are defined as portions of the
watershed directly coupled to streams and rivers (USDA and USDI 1994). Reserves
include bodies of water, inner gorges, all riparian vegetation, the 100-year floodplain, and
landslide and landslide-prone areas. This covers not only those areas adjacent to streams,
but also upslope areas of potential instability which could deliver habitat materials such
as large wood. Special standards and guidelines direct land use in unstable upslope areas.
Within streamside corridors, the standards set interim prescribed widths for riparian
reserves, with the intention that these requirements could be adapted based on data from a
watershed analysis (Reeves et al. 2016). However, these interim buffer widths have
remained intact in a majority of watersheds in the Oregon Coast Range due to barriers
complicating the adoption of watershed analysis (Baker et al. 2006; Pickard 2013).
State Forest Management Plan (2010) – State Lands
Oregon contains 821,000 acres of state forest land, including the Elliot State
Forest and the Tillamook and Clatsop State Forests in the Oregon Coast Range. State
forest land management is guided by management plans developed by Oregon’s
Department of Forestry (Oregon Department of Forestry 2010). Oregon’s Department of
Forestry develop State Forest Management Plans based on individual planning areas, two
of which cover the Oregon Coast Range. These lands are managed for multiple resource
objectives including timber production. These plans contain standards for timber
operations, including prescriptive requirements within riparian areas. Riparian standards
for both the Northwest State Forest Plan and the Southwest State Forest Plans are similar
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(Oregon Department of Forestry 2010a,b). The plans develop a blended management
approach encompassing a combination of landscape level and site-specific strategies
(Oregon Department of Forestry 2010).
Oregon Forest Practices Administrative Rules –Private Forest Lands
Oregon’s state Department of Forestry is responsible for regulating private
industrial and nonindustrial forest lands through the Forest Practices Administrative
Rules (FPAR; OAR § 629.600-670). These rules were created to fulfill a mandate in the
Forest Practices Act (ORS § 527.610-992), a legislative action predating the enactment of
the federal Clean Water Act standards. This Act delegated authority for forest practice
rulemaking to the State Board of Forestry, a seven member team appointed by the
Governor of Oregon and confirmed by the State Senate (Oregon Department of Forestry
2007b). This body is responsible for developing and enforcing statewide and regional
standards “in the public interest” (ORS § 527.630(2)). The statute states that it is the
policy of the state to balance economically efficient forest practices with the maintenance
of forestland for sound management of soil, air, water, fish and wildlife, and scenic
resources for both present and future generations of Oregonians (§ 527.630). In doing so,
it declares that it is the public policy of the state to: 1) encourage economically efficient
forest practices that ensure the continuous growing and harvesting of forest tree species
and 2) maintain forestland consistent with sound management of soil, air, water, fish and
wildlife resources and scenic resources and to ensure the continuous benefits of those
resources for future generation of Oregonians (§ 527.630).
These requirements apply to any commercial timber operations on private lands.
Commercial timber operations are defined as “any commercial activity relating to the
establishment, management or harvest of forest tree species” (§ 527.620 (12)). This
distinction carves out any non-commercial forest land management action (such as forest
harvest for private use) as unregulated by the policy. Other land uses are also exempted
from designation as an operation, and are thus exempted from policy protection (Table 24). These rules create prescriptive requirements for a variety of forestry practices,
including reforestation, the treatment of slash, management of landslide prone areas, the
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Table 2-4. Land uses exempted from the Forest Practices Administrative Rules (OAR § 629-600-0100 (53))
Land Use
Forestry

Criteria
a) Establishment, management, harvest of Christmas trees on land used solely for the production of
Christmas trees
b) The establishment, management, or harvest of hardwood timber that is grown on land prepared by
intensive cultivation methods, cleared of competing veg for 3 years after tree planting, of a species
marketable as fiber for the furnish or manufacturing of paper products, harvested on a rotation 12 or <
after planting, subject to intensive agricultural practices such as fertilization, cultivation, irrigation,
insect control, disease control

Urban

d) The establishment, management, or harvest of ornamental, street, or park trees within an urbanized
area (as defined in ORS § 221.010)
c) The establishment, management, or harvest of agricultural tree crops (nuts, fruits, seeds, nursery
stocks)

Agricultural

f) Establishment or management of trees intended to mitigate the effects of agricultural practices on the
environment or fish and wildlife resources
g) The development of an approved land use change after timber harvest activities have been completed
and land use conversion activities have commenced

General

Any non-commercial timber harvest (e.g. personal uses or other non-commercial harvest)
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construction and maintenance of roads, the use of chemical and petroleum products, and
forest harvesting. The rules carve out requirements based on specific geographic regions
(OAR § 629-635-0220). The Oregon Coast range encompasses both the Coast Range and
Interior regions, which contain similar requirements for riparian management.
A key component of the rules are the Water Protection Standards (OAR §
629.635). These standards seek to provide protection to stream and riparian areas so that
timber operations do not compromise protection goals for fish, wildlife and water quality
(OAR § 629-635-0100 (7)). The Water Protection Rules specify vegetation retention
requirements along streams, citing the importance of riparian vegetation to the
maintenance of water quality parameters (OAR § 629.640). Operators who are in
compliance with FPAR requirements are considered to be in compliance with Oregon’s
water quality standards, meeting them to the maximum extent practicable (ORS §
527.770)
Agriculture Water Quality Management Plans
Under federal pressure to limit water quality degradation, the state legislature of
Oregon passed the Agricultural Water Quality Management Act (also known as Senate
Bill 1010, ORS § 568.900-933). Through this act, the state delegated agricultural water
quality management to the state Department of Agriculture (ODA). The department was
charged with preventing and controlling water pollution resulting from agricultural
activities (ORS § 568.900-933). The result was the Agricultural Water Quality
Management Program, which divided the state into 38 management areas where local
advisory committees work with ODA to develop area plans for water quality. The Oregon
Coast Range includes six of these management areas: the Coos-Coquille, Curry, MidCoast, North Coast, Umpqua River and Upper Willamette-Siuslaw regions.
Agricultural Management Plans, created for each of the 38 areas and reviewed
every two years, develop goals for water quality and offer Best Management Practices to
prevent pollution. These outcome-based plans give landowners discretion in their choice
of the management actions taken to meet water quality standards (OAR § 603-950020(2)). Technical assistance is made available through local Soil and Water
Conservation Districts. Coordination between public and private entities is required to
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implement measures. The trigger for regulatory enforcement of land standards is a
violation in water quality standards (ORS § 568.912(2)). The ODA will use enforcement
only when necessary to gain compliance with agricultural water quality regulations.
These compliance actions are complaint driven, and include investigations and
correspondence before a civil penalty will be issued.
Urban Plans
Oregon’s State Comprehensive Planning Program sets statewide planning goals ,
and includes direction on state riparian management objectives in urban areas. This
program was created to help facilitate the development of local land use and growth
management plans, with the goal of establishing land use patterns for the state. Two
goals in these plans are related to riparian management. Goal 5 requires local plans to
protect “significant” riparian resources adjacent to fish-bearing streams (OAR § 660-0150000(8)). The “significance” of the riparian resource can be established by streamflow
and fish presence, with a 15 m structural setback for small and medium (under 1000 cfs)
stream and a 23 m setback for larger streams (1000 cfs and over). The goal also outlines a
“safe harbor” offer which gives incentives to adopting jurisdiction through certain legal
protections. Goal 17 sets a protective guideline for riparian vegetation adjacent to coastal
shorelands (OAR § 660-15-0010(2)).
Forest operations within urban land will fall under the Forest Practices
Administrative Rules, though local jurisdiction can adopt their own ordinances regulating
these actions. The FPA requires that, in order to replace state regulation, local ordinances
must protect soil, air, water, fish, and wildlife resources and be in compliance with land
use planning goals. However it is unclear to what extent local regulations are expected to
be comparable to the FPA in the level of resource protection provided (Riparian
Management Work Group 2000). The result of this is variability among urban areas in
protective measures, which can lead to less stringent regulatory controls. Further, urban
park lands are exempted from the Forest Practices Administrative Rules (Table 2-4).
The focus of the State Comprehensive Planning program is on new development
in urban areas and has little to no effect on existing land use activities in the area. There
is concern that this policy approach may also constitute a gap in policy protection, as the
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programs needed to restore riparian function in these areas are not integrated into
regulation (Riparian Management Work Group 2000). Generally, buffers in urban
systems are disconnected, compressed, or eliminated in these land ownerships (Riparian
Management Work Group 2000). Studies have demonstrated that vegetated buffers
continue to be lost due to growing Oregon municipalities (Yeakley et al. 2006). However,
further assessment of the individual policy requirements of urban lands are outside the
scope of this project.
Tribal Plans
Tribal lands in the Oregon Coast Range include those under the jurisdiction of the
Siletz Tribe, the Grand Ronde Tribe, and the Confederated Tribes of the Coos Lower
Umpqua and Siuslaw. Riparian plans for these tribal entities are based on the existing
legal framework of tribal rights. Policy requirements from these tribal plans are also
outside the scope of this study.
Variability in policy protection
The legal compromise between aquatic and terrestrial political objectives is
reflected in the variability of goals, criteria, and standards of each of the major riparian
management policies. Policies can be evaluated by assessing the stated purpose of the
policy effort (goals), the conditions on which policy requirements are applied (criteria),
and the specific management actions prescribed by the policy (standards). In addition to
the regulatory mechanism of the act (outcome vs. prescriptive), these three components
of a given policy set the level of protection offered through the regulatory effort.
Goals
Comparing the expressed purpose and goals of the four major riparian
management policies offers insight into the specific objectives of these approaches. The
Northwest Forest Plan and State Forest Management Plans focus on ecological processes
and the development and maintenance of aquatic habitat (Table 2-5). The Forest Practices
Administrative Rules and Agricultural Water Quality Management Plans are focused on
balancing private interest with water quality management objectives (Table 2-6).

27

Table 2-5. Goals of riparian management policies on federal and state lands
Policy

Purpose

Northwest
Forest Plan Aquatic
Conservation
Strategy
(USDA and
USDI 1994)

Contains nine objectives to maintain and restore
ecosystem health at watershed and landscape
scales to protect fish habitat and other riparian
resources. Goals are tied to promoting the
restoration of landscape scale processes
(channel, riparian, upslope). At project levels,
management actions must not adversely affect
or retard attainment of standards at the
watershed scale.

Maintain or restore key ecological functions of
aquatic, riparian, and upland areas that directly
Oregon State influence the freshwater habitat of aquatic
Forest
species, within the context of the natural
Management disturbance regimes that create habitat for these
Plans
species.
(Oregon
No single habitat condition constitutes a
Department “properly functioning” condition. Rather,
of Forestry providing diverse aquatic and riparian
2010)
conditions over time and space would more
closely emulate the natural disturbance regime
under which native species evolved

Goal
• Short term goal (10-20 years): Halt declines in watershed condition and
protect watersheds containing high quality water, habitat and healthy fish
populations.
• Long term goal (100+ years): Develop a network of functioning
watersheds that supported populations of fish and other aquatic and
riparian-dependent organisms across the NWFP area
• Other stated goals include maintaining riparian structure and function,
managing for riparian-dependent species other than fish, enhance habitat
conservation in riparian-upslope ecotones, and create greater
connectivity within watersheds.

• The goal of management along fish-bearing and larger non fish-bearing
streams is to grow and retain vegetation so that, over time, riparian and
aquatic habitat conditions become similar to those associated with
mature forest stands.
• The goal of management for small non fish-bearing streams is to grow
and retain vegetation sufficient to support the functions and processes
identified as important within the various streams, and to contribute to
properly functioning conditions in downstream fish-bearing streams.
• Other stated goals include maintaining riparian structure and function,
managing for riparian-dependent species other than fish, enhance habitat
conservation in riparian-upslope ecotones, and create greater
connectivity within watersheds (USDA and USDI 1994).

28

Table 2-6. Goals of riparian management policies on private lands
Policy

Purpose

“…to protect, maintain
and, where appropriate,
improve the functions
and values of streams,
Forest
lakes, wetlands, and
Practices
riparian management
Administrative areas…these functions
Rules - Water and values include
Protection
water quality,
Rules (OAR § hydrologic function, the
629.600-670) growing and harvesting
of trees, and fish and
wildlife resources”
[OAR § 629-635-0100
(3)]

Agricultural
Water Quality
Management
Plans (ORS §
568.900-933)

Carry out a plan for the
prevention and control
of water pollution from
agricultural activities
and soil erosion, based
on scientific
information

Goal

• “The overall goal of the water protection rules is to provide resource protection
during operations adjacent to and within streams, lakes, wetlands, and riparian
management areas so that, while continuing to grow and harvest trees, the
protection goals for fish, wildlife, and water quality are met” [OAR § 629-6350100 (7)].
• “The desired future condition for streamside areas along fish use streams is to
grow and retain vegetation so that, over time, average conditions across the
landscape become similar to those of mature streamside stands” [OAR § 629-6400000(2)].
• “The desired future condition for streamside areas that do not have fish use is to
have sufficient streamside vegetation to support the functions and processes that
are important to downstream fish use waters and domestic water use and to
supplement wildlife habitat across the landscape” [OAR § 629-640-000].

• To prevent and control water pollution from agricultural activities and soil
erosion and to achieve applicable water quality standards
• Goals vary by agricultural management area (see table 2.7)
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Table 2.7. Goals from Agricultural Water Quality Management Plans
Plans
Water Quality Concerns
Goals
Goals vary by plan. Goals include:
Algae or aquatic weeds,
Coos-Coquille
bacteria, chlorophyll a,
• Allow for the establishment and development of
dissolved oxygen, habitat
(Oregon
riparian vegetation consistent with site capability.
modification, pH,
Department of
Vegetation must be sufficient to provide the
Agriculture
sediment, temperature,
following riparian functions: shade, streambank
2015a)
toxics
integrity during stream flows following a 25-year
event, and filtration of nutrients/sediment
Curry
Temperature, dissolved
• Allow the development of riparian vegetation to
(Oregon
oxygen, pH, aquatic weeds
control water pollution by providing erosion
Department of
or
algae
control, sediment and nutrient filtering,
Agriculture
moderation
of solar heating and water infiltration
2012)
into the soil profile
Mid-Coast
Temperature, bacteria,
• Riparian vegetation, on perennial and
(Oregon
sedimentation, dissolved
intermittent
streams, must provide the water
Department of
oxygen
and
weeds/algae
quality functions streambank stability, shading,
Agriculture
and
proper riparian function, consistent with site
2015b)
capability
North Coast
• Application and storage of nutrient input to
Temperature, dissolved
(Oregon
agricultural lands will be done in a manner that
oxygen, bacteria,
Department of
minimizes the introduction of nutrients into
sedimentation
Agriculture
waterways
2011)
Umpqua
(Oregon
Department of
Agriculture
2010)

Upper
WillametteSiuslaw
(Oregon
Department of
Agriculture
2013)

Sediment, nutrients,
bacteria, water
temperature, waste
management

Temperature, bacteria,
mercury, dissolved oxygen,
turbidity

• Landowner action may not cause pollution to
any waters of the state or place any wastes in a
location where they are likely to escape or be
carried to waters of the state by any means.
• Sedimentation and/or phosphorous in excess of
water quality standards moving from agricultural
lands into waters of the state is an unacceptable
condition.
• Irrigation practices that contribute to significant
amounts of warmed surface water to a stream are
considered an unacceptable condition.
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Policy criteria: Different streams, different standards
Standards vary not only across policies, but also within policies. In an effort to
tailor standards to a stream’s context, regulators have develop requirements based on
select biophysical (fish use, stream size, flow duration, and material transport potential)
and social (water use) considerations (Tables 2-8 and 2-9). The level of policy protection
offered to a stream segment will vary based on these criteria. The use of criteria to set
specific policy standards results in numerous categories with unique standards (Figures 21 through 2-4).
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Table 2-8. Criteria delineating riparian management standards
Criteria

Categories

Fish Use
Fish Use

Nonfish

Perennial

Stream Flow
Duration
Seasonal

Small

Definition
•Any stream used by anadromous fish, game fish, or fish
listed as threatened or endangered under the federal or state
endangered species acts (Oregon Department of Forestry
2010)
• Fish use can be seasonal or year round (Oregon
Department of Forestry 1994).
• Fish use exists to the first natural barrier to fish use, unless
there is pre-2007 classification of non-fish upstream of an
artificial obstruction (Oregon Department of Forestry
2007b).
• Waters that are not fish-bearing (Oregon Department of
Forestry 2010).
• Stream that are expected to have summer surface flow
after July 15th (Oregon Department of Forestry 2010)
• Streams that only flow during portions of the year; these
streams are not expected to have summer surface flow after
July 15th (Oregon Department of Forestry 2010)
• Nonpermanent flowing drainage feature having 1)
definable channel and 2) evidence of annual scour or
deposition (also categorized as: seasonal, ephemeral) (USDA and USDI 1994).
• Average annual flow of 2 cfs or less (Oregon Department
of Forestry 2010)
• Calculated using a relationship based on upstream
drainage area and annual precipitation (Oregon Department
of Forestry 1994)

Medium

• Average annual flow greater than 2 cfs, less than 10 cfs
(Oregon Department of Forestry 2010)
• Calculated using a relationship based on upstream
drainage area and annual precipitation (Oregon Department
of Forestry 1994)

Large

• Average annual flow of 10 cfs or greater (Oregon
Department of Forestry 2010)
• Calculated using a relationship based on upstream
drainage area and annual precipitation (Oregon Department
of Forestry 1994)

Stream Size
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Table 2-9. Definitions of criteria (continued)
Criteria

Categories

Use
Domestic
Water Use

No Use

Material
Transport
Potential

Definition
• Streams located upstream of any domestic water intake for
which a water use permit has been issued by the Oregon Water
Resources Department (Oregon Department of Forestry 1994)
• Classification extend upstream from the point of diversion to
the shortest of following distance: 1) The distance upstream
from the intake to the farthest upstream point of summer
surface flow, 2) Half the distance from the intake to the
drainage boundary or 3) 3000 feet upstream from the intake
(Oregon Department of Forestry 1994)
• Uses can include domestic, group domestic, quasi-municipal,
or municipal water uses. Specific rules apply to community
water systems (Oregon Department of Forestry 2007b)
• All other streams

• Seasonal streams with physical conditions that favor the
periodic transport of coarse sediments and woody materials
Seasonal
during high flow events
high energy • Stream reaches with an average gradient exceeding 15% and
streams
an active channel width of 5 or more feet (Oregon Department
of Forestry 2010)
Potential
debris flow
track
reaches

Other

• Reaches determined to have high probability of delivering
large woody debris to type F stream using a list of criteria
(Oregon Department of Forestry 2010)

• Small seasonal streams that are not designated high energy or
potential debris flow track (Oregon Department of Forestry
2010)
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Figure 2-1: Categorization of policy standards within the federal Northwest Forest Plan

Figure 2-2: Categorization of policy standards within the State Forest Plans
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Figure 2-3: Categorization of policy standards within the state Forest Practices Administrative
Rules

Figure 2-4: The six Agricultural Water Quality Management Plans of the Oregon Coast Range

The selection of criteria can reflect the intention of the policy. The Northwest
Forest Plan, responding to political pressure to recover endangered species, has a simple
rubric that considers two criteria in designating standards fish use and duration of stream
flow. This reflects the emphasis on precautionary standards, which limit management
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action to ensure meeting the goals of the Aquatic Conservation Strategy. The State Forest
Management Plan includes the division of standards based on the debris transport
potential for small seasonal streams, reflecting the policy’s emphasis on maintaining
natural processes that contribute material to stream systems. The Forest Practices
Administrative Rule’s inclusion of domestic water use as a consideration affording
greater policy protection reflects its intention to balance social, economic, and ecological
interests. While Agricultural Water Quality Management Plans do not designate
standards, the six areas create individual plans within the Oregon Coast Range (Figure 24) with different concerns and goals for water quality.
Riparian land management standards: Requirements for streamside protection
Riparian management standards are the established rules allowing or prohibiting
management actions within riparian corridors. To specify management requirements, all
riparian management policies divide the riparian corridor into specific zones based on
their distance from the stream channel. These zones are commonly referred to as
“buffers.” The width of these zones and the management standards applied vary by
policy. However, it is common that the most restrictive conditions are placed adjacent to
the stream channel, with management restrictions decreasing with increasing distance
from the stream channels. Policies often employ a fixed buffer width for standard
management prescriptions; but the Northwest Forest Plan, State Forest Management
Plans, and the Forest Practices Administrative Rules also include an option for sitespecific management plans for riparian areas when appropriate. Standards use a slope
distance rather than a horizontal distance for these buffers, with exemptions made when
streambanks are very steep (Oregon Forests Resources Institute 2011).
The Northwest Forest Plan’s Aquatic Conservation Strategy contains standards
that are by far the most stringent in setting riparian reserve widths (Table 2-10).
Reflecting the political history of the act, interim widths for riparian reserves were
established to afford the greatest level of protection due to uncertainty in the best policy
approach across a broad geographic extent (Pickard 2013). Watershed analysis was
intended to be the tool to tailor riparian reserve standards based on local conditions
(Pickard 2013), however such adjustments have yet to be fully enacted (Reeves et al.
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2016). Riparian reserves include bodies of water, inner gorges, areas of riparian
vegetation, 100-year floodplain, and landslide prone areas (USDA and USDI 1994).
Buffer widths use a site potential tree height to establish management requirements. A
site potential tree height is defined as an average maximum height of the tallest dominant
tree (200 years or older) for a given site (FEMAT 1993). Estimated heights included in
Table 2-10 are based on data of mature trees for the Oregon Coast Range (Olson et al.
2007).
Riparian protections under Oregon’s State Forest Management Plans exceed the
Forest Practices Administrative Rules, but are less stringent than those of the NWFP
(Tables 2-11 and 2-12). State Forest Management plans delineate riparian areas into four
management zones with distinct requirements, where management actions are
increasingly allowed with increased distance from the stream channel. The stream
channel is defined as the aquatic zone. Within 7.5 m of the outer edge of the aquatic zone
is the stream bank zone, where no timber harvest is allowed. Adjacent to the stream bank
zone is an area defined as the inner riparian management area (RMA), which extends to
30 m from the stream channel. Within riparian management areas (RMA), required site
conditions are specified The furthest management zone from the stream channel is the
outer RMA, extending from 30-52m from the stream channel. This area is less restrictive
in its requirements, creating a gradient of management restrictions extending from the
stream channel.
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Table 2-10. Policy categories and riparian management standards of the Northwest Forest Plan
Northwest Forest Plan - Aquatic Conservation Strategy
Criteria
Fish Use
Duration

Fish

Non-fish

Non-fish

All

Standards
Reserve width (m)

Two site potential tree
heights (~ 152 m) or 91
m slope distance,
whichever is greatest

Perennial

One site potential tree
(~76 m) or 45 m,
whichever is greatest

Seasonal

One site potential tree
(~76 m) or 30 m,
whichever is greatest

Comments

• Includes standards and guides that direct timber,
road, grazing, recreation, minerals, fire and fuels, and
other management activities to meet ACS goals (see
USDA and USDI 1994, Standards and Guidelines C31)
• Allows occasional feathering, salvage, and thinning
in areas where harvest actions can be implemented
while still meeting ACS conditions and ecological
goals
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Table 2-11. Policy categories and riparian management standards of Oregon State Forest Management Plans
Oregon State Forest Plans
Criteria
Fish
Use

Fish

Nonfish

Nonfish

Duration

All

All

Perennial

Stream
Size

All

Large
and
Medium

Small

Standards
Material
Transport
Potential
All

All

All

No cut
width
(m)

Inner RMA (7.6-30 m)

Outer RMA (30-52 m)

7.6

• Manage for mature forest condition,
no management activity where mature
forest conditions exist

• Retain 1) all snags as safety allows,
2) all dead and downed material
present, 3) at least 10-45 conifers and
snags/acre
• <10% ground disturbance

7.6

• Manage for mature forest condition,
no management activity where mature
forest condition exist
• Retain: 1) any dead and down
material present prior to the operation,
2) any trees damaged or felled from
yarding activities, 3) additional felled,
girdled or topped trees

• Retain 1) all snags as safety permits,
2) at least 10 conifers and snags per
acre

• Retain 15-25+ conifer trees and
snags/acre, retain all other snags as
7.6 (at
safety permit
least
• Within ~150 m of confluence with a
75% of
Type F stream, retain all trees
reach)
necessary to achieve 80% shade over
channel

• Retain 1) at least 0-10 conifer trees
and snags per acre, 2) all snags as
safety permits
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Table 2-12. Policy categories and riparian management standards of Oregon State Forest Management Plans, continued
Oregon State Forest Plans
Criteria
Fish Use

Non-fish

Non-fish

Non-fish

Duration

Seasonal

Seasonal

Seasonal

Stream
Size

Standards
Material
Transport
Potential

No cut width
(m)

Inner RMA (7.6-30 m)

7.6

• Retain at least 15-25 conifer trees
and snags/acre, all other snags as
safety permits, all dead and down
material present prior to operation

• Retain 0-10 conifer
trees and snags per acre,
all snags as safety permits

• Retain trees and snags
sufficient to meet
landscape management
strategy targets

• Retain trees and snags
sufficient to meet
landscape management
strategy targets

Small

High
Energy

Small

Potential
Debris
Flow
Track

7.6

• Retain at least 10 conifer trees and
snags/acre, all other snags as safety
permits, all dead and down material
present prior to operation

Other

0 (Groundbased
equipment
restricted ;
Maintain
integrity of
stream channel)

• Retain at least 10 conifer trees and
snags/acre, all other snags as safety
permits, all dead and down material
present prior to operation

Small

Outer RMA (30-52 m)
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Of the three prescriptive riparian management policies, the Forest Practices
Administrative Rules has the least restrictive standards (Tables 2-13, 2-14, and 2-15),
particularly in non-fish small streams. Unlike the State Forest Management Plans, the Forest
Practices Rules do not separate RMAs into inner and outer zone. Instead, these RMAs create
target basal areas, defined as the total cross-sectional area of all tree stems in a stand, expressed
in square feet per acre (Oregon Forest Resources Institute 2011). If basal area can be achieve in
less than the established width, RMAs may be reduced.
The Forest Practices Administrative Rules allows for alternative prescriptions in the
event of disturbance [OAR § 629-640-0300 (3)] or areas dominated by hardwoods [OAR § 629640-0300 (4)]. It also allows for site-specific standards developed by operators [OAR § 629-6400400], dependent on these plans ability to achieve the vegetation retention goals [OAR § 629640-0000)]. The State Forester is given discretion in approving an alternative plan.
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Table 2-13. Policy categories and riparian management standards of Oregon’s Forest Practices Administrative Rules
Forest Practices Administrative Rules
Criteria
Fish
Use

Fish

Fish

Fish

Duration

All

All

All

Stream
Size

Small

Medium

Large

Standards
Domestic
Water Use

All

All

All

No cut
width
(m)

6

6

6

RMA
width
(m)

Requirements

15.2

• Written plan for operations within 30 m
• Sets basal area standards for RMA
• Retain: all trees leaning over stream, snags and down
wood in channel, enough live conifers to meet RMA
(hardwoods can be used sometimes), live conifers/area to
ensure shading

21.3

• Written plan for operations within 30 m
• Sets basal area standards for RMA
• Retain: all trees leaning over stream, snags and down
wood in channel, enough live conifers to meet RMA
(hardwoods can be used sometimes), live conifers/area to
ensure shading

30.5

• Written plan for operations within 30m
• Sets basal area standards for RMA
• Retain: all trees leaning over stream, all understory veg
within 3 m, snags and down wood in channel, enough live
conifers to meet RMA (hardwoods can be used
sometimes), live conifers/ area to ensure shading
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Table 2-14. Policy categories and riparian management standards for Forest Practices Administrative Rules
(continued)
Forest Practices Administrative Rules
Fish
Use
Nonfish

Criteria
Stream
Duration
Size

All

Small

Standards
Domestic
No cut
Water Use width (m)

Yes

6

RMA
width (m)

RMA Requirements

6

Nonfish

All

Medium

Yes

6

15.2

Nonfish

All

Large

Yes

6

21.3

• Written plan for operations within 30 m
• Sets basal area standards for RMA
• Retain: all trees leaning over stream, all
understory veg within 3 m, snags and down
wood in channel, enough live conifers to meet
RMA (hardwoods can be used sometimes), a
certain amount of live conifers/area to ensure
shading
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Table 2-15. Policy categories and riparian management standards for Forest Practices Administrative Rules
(continued)
Forest Practices Administrative Rules
Criteria

Standards

Duration

Stream
Size

Domestic
Water
Use

No cut
width
(m)

RMA
Width

RMA Requirements

NonPerennial
fish

Small

No

0

3.3

Retain non-merchantable conifer trees <6 inches
DBH within ~3 m of high water mark.

Nonfish

Seasonal

Small

No

0

0

Specific water quality protection measures may
apply (OAR § 629-640-0200)

Nonfish

Seasonal

Medium

No

6

15.2

Retain 10 live conifers per ~300 m, must be at
least eight inch DBH

Nonfish

Seasonal

Large

No

6

21.3

Retain 30 live conifers per ~ 300 m

Fish
Use
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Concerns with the riparian land standards in the Oregon Coast Range
Determining the appropriate buffer width necessary to protect water quality and aquatic
species preservation has become a source of debate (Ice et al. 2004). In the Oregon Coast Range,
analysis suggests that wider buffers can help limit stream temperature increases due forestry
practices in small and medium streams (see Figure 1-1 in Chapter 1). A buffer width of 30
meters across stream types is commonly offered as a management standard (Castelle et al. 1994;
Beschta et al. 1987), though others note that 30 meters can still result in suboptimal shading and
suggest buffers at least 46 meters in width (Leinenbach et al. 2013). Studies have also supported
a one tree height standard for protecting key riparian processes, similar to the standard used in
the Northwest Forest Plan (Robison and Beschta 1990; FEMAT 1993; Spence 1996; Moore et al.
2005). Target buffer widths of 40-150 m have been offered to incorporate policy protection for
biodiversity concerns, particularly riparian dependent amphibians and reptile species (Olson et
al. 2007). Maintenance of natural patterns and process in larger river may require far wider
buffers (Latterell and Naiman 2007).
The narrower buffer widths prescribed to nonfish-bearing streams has led to additional
concerns (IMST 1999; Welsh 2000). It has been argued that focusing heavily on fish-bearing
streams ignores the influence of upstream land uses on downstream habitat (Olson et al. 2007),
particularly as non-fish-bearing streams can drain 70-80% of watersheds in the region (Gomi et
al. 2002). Many suggest that this approach does not incorporate the transfer of temperature
impacts from non-fish streams to downstream fish-use streams (Beschta and Taylor 1988; Poole
and Berman 2001). As headwater streams are also crucial to the delivery of elements that
contribute to stream habitat complexity (Benda and Dunne 1997; Bigelow et al. 2007; Kirby
2013), insufficient retention of trees may reduce large wood available for transport (Johnson et
al. 2000) or lead to source of excess sediment further down the river network (Gomi et al. 2005;
Rashin et al. 2006).
The Forest Practices Administrative Rules (FPAR) have been examined for perceived
inadequacies in protective standards (Oregon Department of Forestry and Oregon Department of
Environmental Quality 2002). Results from Oregon Department of Forestry’s Riparian and
Stream Temperature Effectiveness Monitoring Project (RipStream) found that the chance of a
FPAR site exceeding the protection of cold water criterion (no increase in stream temperature
above 0.3 ºC ) between a pre-harvest and post-harvest year was about 40% (Groom et al. 2011b).
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In response to the findings of RipStream, the Board of Forestry voted in November 2015 to add
additional policy measures. They announced a plan to create two new policy categories for small
and medium fish-bearing streams specifically used by salmon, steelhead, and bulltrout
(excluding game fish species traditionally included under the definition of “fish-bearing”). These
categories would add three meters to the established buffer widths for small (to 18 m) and
medium fish-bearing streams (to 24 m), as well as allow alternate prescriptions for east-west
oriented streams. Rules are currently still in process, with public review and input upcoming,
before they will be formalized in about a year (Oregon Department of Forestry 2015).
While this modification of the FPAR addressed a concern for existing standards, no
change was made to management standards for non-fish-bearing streams which have been cited
as a management concern (Botkin et al. 1995; Frissell 2014). The lack of riparian standards for
non-fish streams was one of the primary concerns noted in the recent federal rejection of
Oregon’s nonpoint source pollution plan (U.S. Department of Commerce 2015). An additional
concern for these standards is the allowance of ground disturbance near surface water and the
removal of mature trees in some streams (Frisnell 2014). The FPAR also carves out exemptions
for a variety of land uses (see Table 2-4), creating policy gaps that are difficult to quantify or
mitigate.
Also in discussion for revision are the interim buffer widths of the Aquatic Conservation
Strategy of the Northwest Forest Plan, possibly scaling back restrictions to allow for limited
harvest in fish-bearing stream reaches (Reeves et al. 2016). Standards may be revised to
incorporate the natural variability of site-specific characteristics, allowing for an alteration of
buffer width based on location and broader landscape-level considerations (Pickard 2013;
Reeves et al. 2016). With less of the landscape needed to fulfil goals, harvest activities would be
allowed if they did not compromise the goals of the ACS (Reeves et al. 2016). There has been
support for site-based approaches in some stream reaches (Newton and Ice 2015), particularly
those that incorporate broader watershed contexts, such as a two-tiered management system
(Olsen et al. 2007).
The lack of definitive protective measures in agricultural and urban lands is also a central
concern for landscape-scale regulatory approaches (Burnett et al. 2007; Spies et al. 2007). As
previously noted, these areas are often of concern due to their disproportional impact to water
quality relative to their total land area (U.S. Environmental Protection Agency 2000). Federal
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agencies have noted that current agricultural land standards in Oregon may be insufficient to
effectively stop aquatic habitat degradation or limit pollution to stream systems (U.S.
Department of Commerce et al. 2015).
Discussion and conclusion
The 25 policy categories of unique standards reviewed here create a range of possible
policy responses to streamside land management concerns in the Oregon Coast Range. Buffer
widths, designation of management areas, and specific land uses standards vary across the four
policies of focus in this review. Widths of mandated vegetation retention range from 0 m in
agricultural areas and on non-fish seasonal small streams of the FPAR, to 152 m on fish-bearing
streams of the Northwest Forest Plan. This range suggests that the landscape of the Oregon Coast
Range is managed based on a variety of target standards and land management approaches, with
some streams flowing through areas where there are gaps in protective standards.
Understanding the variability of policy responses is important, as these standards affect
the condition of ecological systems. At multiple spatial extents, ecosystems are influenced by the
range of policy actions which define ecological condition. The range of policy standards can
create a new range of variability imposed on ecological systems, acting as an expression of the
“social range of variability” constraining ecological systems (Duncan et al. 2010). Variable
standards incorporate social attitudes towards “acceptable” elements of resource protection,
making decision on the acceptable level of interferences with historic land uses, the extent to
which historic disturbances are allowed on a landscape (i.e. debris flows, fires, material
transport, among others), or the ability of a landscape to support heterogeneity in conditions.
How well this landscape of variable standards matches the historic variability of these systems is
a significant challenge to ecosystem management (Spies et al. 2007; Reeves and Duncan 2009).
The historic “command and control” approach, setting a target state for ecological
conditions which are in reality variable in time and space, represent how policy efforts can
constrain ecosystems based on an idea of the “proper” target condition (Hollings and Meffe
1996). Prescriptive standards must be considered within the temporal context of policy
development. In the past 60 years, natural resource policy and management efforts have seen a
lot of evolution in their iterations to build a framework for managing ecosystems. The field has
moved from a focus on single species game management to broader considerations of habitat and
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ecosystems to the present call to incorporate ecological processes into policy and management
decisions (Reeves et al. 1995; Craig 2010; Allan et al. 2011). We can understand the current
policy approach as one point in time in a field that is working to incorporate new understanding
of ecological connections into management decisions. However, prescriptive protective efforts
can be important to limit an ecological “tipping point” where native species are eliminated before
habitat needs are understood.
Further, while there are currently gaps in policy protection, creating uncertainty in policy
efforts, there is also evidence of policy implementing an understanding of the riparian processes
necessary to the development of aquatic habitat. The implementation of standards based on the
debris transport potential of small streams and the protection of hillslopes considered
ecologically linked to stream systems through the delivery of habitat material are two examples.
These developments show progression in the adoption of policy frameworks those incorporate
key ecological processes.
Categorizing the existing variability of riparian land standards leads to further questions,
such as what the variability of the current policy response means for the biophysical reality of
ecological systems or the social reality of managing for these systems. These questions, while
important, are outside the scope of this study. However, this understanding of a variable policy
response can be used to quantify the spatial extent of these policy requirements applied to the
landscape. Understanding where the policies are located can be an important consideration for
the development of new policy approaches and current recovery efforts. In Chapter 3, the
categories of standards are used to understand the spatial distribution of standards in a multiagency policy response to ecosystem-scale management concerns.
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Chapter 3) Policy patterns across riverscapes: Riparian land standards in the
Oregon Coast Range
Introduction
There are calls to investigate stream systems from a riverscape perspective (Wiens 2002;
Fausch et al. 2002; Erős and Grant 2015), considering the ecological and physical interactions
between the river network and its valley (Wissmar and Beschta 1998) along with the mosaic of
management actions within these systems (Allan 2004; Wang et al. 2006; Anlauf et al. 2011;
Peipoch et al. 2015). Insights from such research has led to calls for maintaining a riverscape
perspective in management, incorporating management approach that consider key ecological
processes in both terrestrial and aquatic environments (Nehlsen et al. 1991; Reeves et al. 1995;
Poff et al. 1997; Montgomery 1999; Beechie et al. 2003). This includes protection for riparian
areas, where maintaining streamside vegetation allows for multiple processes that are important
to the maintenance and creation of instream habitat (Naiman and Décamps 1997; Tabacchi et al.
1998; Richardson et al. 2005). Instream and riparian processes interact to affect the availability,
arrangement, and extent of stream habitat (Fausch et al. 2002).
However, applying these ecological principles of resource protection across spatial scales
of thousands of hectares or more relies on a management framework that is difficult to
implement across ecosystems (Santelmann et al. 2001). One example is in the Oregon Coast
Range, where regulatory efforts attempt to protect water quality and aquatic habitat through land
management standards that retain streamside vegetation (Adams 2007; Olson et al. 2007).
However, these standards are highly variable based on ownership and land use, including areas
where streamside protections are not required. When applied throughout the riverscapes of the
Oregon Coast Range, land management standards can alternate from stream segment to stream
segment. A ecosystem-scale policy response based on ownership patterns lacks the spatial
consideration of natural processes central to the creation of aquatic habitat (Spies et al. 2007).
Because understanding forest management patterns is important to the study of aquatic systems
(Anlauf et al. 2011), quantifying the spatial extent of the policy requirements guiding
management actions can inform recovery efforts focused on threatened and endangered species
(Pickard 2013).
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Fragmentation in ecology and policy
In the riverscapes of the Pacific Northwest, the stream networks are predominantly
dendritic, where species movements are limited to connected corridors of suitable habitat
(Rosenburg et al. 1997; Benda et al. 2004). Connectivity is crucial for the movement of
organisms and materials through these systems (Wiens 2002), particularly for migratory species
such as salmonids (Flitcroft et al. 2014). Connectivity allows for the movement of organisms in
response to changing environmental conditions (Fullerton et al. 2010). However, the dendritic
nature of these systems also makes them particularly vulnerable to fragmentation events where
connectivity is broken at some point in the system (Fagan 2002). Fragmentation events can be
the result of flow regulation (Dynesis and Nilsson 1994), pollutants (Fagan 2002), variation in
species distribution (Fagan et al. 2002) or altered aquatic or terrestrial processes (Naiman et al.
2010). In many ways, the connectivity of aquatic systems is influenced by upland conditions and
terrestrial management actions throughout the riverscape.
The human modification of the terrestrial environment is central to an understanding of
riverscape systems (Naveh 1994). Land uses alter stream condition (Menzel 1983; Naiman et al.
1993; Allan et al. 1997), thereby changing habitat quality and quantity for threatened aquatic
species such as coho salmon (Tschaplinkski and Hartman 1983; Bradford and Irvine 2000; Pess
et al. 2002). Land management has been found to explain a considerable proportion of the
variability of instream habitat features (Anlauf et al. 2011). Habitat condition at a given segment
of the stream is the product of upstream, upland, and riparian condition (Vannote et al. 1980;
Ward 1989) and the interaction of processes throughout the riverscape (Naiman et al. 1993;
Allan et al. 1997; Menzel 1983). Thus, the distribution of stream habitat can reflect the context
of land uses within a riverscape (Allan et al. 1997; Strayer et al. 2003).
The migratory nature of salmonids creates unique management needs that benefit from
incorporating insights at multiple spatial scales (Flitcroft et al. 2014). Approaches to
management must focus not only on protecting spawning and rearing habitat during seasonal
uses, but must also ensure connectivity between habitats (Quinn 2005; Flitcroft et al. 2014) and
conserving site-level and upstream processes crucial to the creation and maintenance of
downstream habitat (Tschaplinkski and Hartman 2011). Due to the linkage between upstream
land use and downstream habitat (Allan 2004), preserving continuity in key riparian processes
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has been suggested as a strategy for managing aquatic ecosystems (Williams et al. 1989; Fischer
et al. 2000; Naiman et al. 2005).
While preserving natural processes is key to maintaining habitat in aquatic ecosystems,
protective efforts are complicated by the fragmented nature of environmental policy (Rosenbaum
1977; Rabe 1986). The current policy framework has divided ecosystem elements such as air,
water, land, or individual species and charged their management to separate agencies with
different goals (Marcus 1980; Wood 2013). This fragmented policy response attempts to isolate
elements of ecosystems, and further subdivides these elements across agencies, with immense
collaboration necessary to consider the multiple interactions of elements through time and space.
Within individual ecological elements, further segmentation of management responsibility is
likely to occur - for example just at the state level there are at least six agencies responding to
water quality concerns in Oregon (Oregon Department of Environmental Quality n.d.).
Though the riverscape concept has been central to new ideas in ecological research
(Falke et al. 2013; Pichon et al. 2015), its foundation in the broader field of landscape ecology
included social considerations of land-use policy and management (Wiens 2002). In the Oregon
Coast Range, the fragmentation of a policy response results in a mosaic of policy requirements
across the landscape. This “policy landscape,” the spatial manifestation of policy standards,
represents an important human system within the riverscape. Because the variability of riparian
land standards has led to concerns that the cumulative policy response is not meeting goals (U.S.
Department of Commerce 2015), it is of benefit to examine the policy landscape to quantify the
extent of policy protection in this region.
The fragmentation of aquatic ecosystems due to diminished habitat (Bradford and Irvine
2011; Fullerton et al. 2010; Fagan 2002) and the fragmented policy response to protect
ecosystems (Haeuber 1996;De Groot et al. 2010) are primary concerns in the management of
anadromous fish species such as salmonids. These species have a migratory life history which
use a series of habitats through river networks (Flitcroftet al. 2012) that often cross numerous
jurisdictional boundaries (Wilkinson 1993). Habitat suitability is the product of upstream and
upland land use context as well as conditions instream and adjacent to the stream (Fullerton et al.
2010). As salmonids respond to the arrangement of habitat and the connectivity between habitat
(Flitcroft et al. 2012, Pess et al. 2002), it can but useful to understand the riparian land
management standards that can affect the condition of these habitats.
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Research questions
In order to compare the spatial extent of policy measures in the stream systems of the
Oregon Coast Range, a categorization of the various riparian land management requirements was
developed and mapped across the stream systems of the Oregon Coast Range delineated by the
Oregon Coast Evolutionarily Significant Unit (ESU) for threatened coho salmon (Oncorhynchus
kisutch). The ESU was designated by the National Oceanic and Atmospheric Administration
(NOAA) as a distinct management region for the purposes of conservation and recovery of coho
salmon after the species was listed as federally threatened under the Endangered Species Act
(Weitkamp et al. 1995). This mapping effort was undertaken to answer the research questions:
1. To what extent is there variability in riparian management policy protection across the
Oregon Coast Range and its 84 watersheds?
2. To what extent is there variability in policy protection in stream segments of high
intrinsic potential to support coho salmon?
This chapter considers how variability in policy standards creates patterns on the landscape
by assessing the extent of these policies (expressed in stream kilometers and the proportion of
the total stream network length) across three spatial extents: 1) the ESU for coho salmon (3 x 106
ha) 2) individual watersheds within the ESU (8,500 – 80,000 ha) and 3) stream segments of high
intrinsic potential to support coho salmon (20-200 stream meters).

Study area
The study focuses on the Oregon Coast Evolutionary Significant Unit (ESU) for
threatened coho salmon (Figure 3-1). The Oregon Coastal Coho ESU covers coastal drainages
ranging from the mouth of the Columbia River to Cape Blanco of western Oregon. Rivers
originate in the Coast Range Mountains, with the exception of portions of the Umpqua River that
drain from the Cascade Mountains. The area is characterized by considerable physical diversity,
ranging from sand dune systems to rocky outcrop high points. The geologic substrate is
composed primarily of marine sandstones and shale, with some basaltic volcanic rock (Orr et al.
1992). The region is predominantly mountainous with the exception of interior valleys and a few
areas of coastal plain with elevations ranging between 0-1250 m. The climate of this area is
temperate maritime. Precipitation occurs mostly between October to March, with cool dry
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summers (Franklin and Dyrness 1973). Peak stream flows occur during flashy winter rainstorms
and base flow conditions occur from July to October. Vegetation is highly productive in the
range, consisting of a mix of Douglas fir (Pseudotsuga menziesii), western hemlock (Tsuga
heterophylla), western red cedar (Thuja plicata), and Sitka spruce (Picea sitchensis) forest. In
addition to coho, four other species of salmonids are found in the ESU, including
steelhead/rainbow (Oncorhynchus mykiss), cutthroat (Oncorhynchus clarkia), chinook salmon
(Oncorhynchus tschawytscha) and chum salmon (Oncorhynchus keta). The region is a multiownership province where land uses include urban areas, agricultural lands, and federal, state,
and private forest lands (Spies et al. 2007).

Figure 3-1: Oregon Coast ESU for threatened coho salmon

Methods
Categorization of policy categories
In order to assess the spatial extent of stream segments of varying policies application
across the Oregon Coast Range, it was necessary to delineate the specific categories of riparian
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land management requirements (detailed in Chapter Two). The review covered the Aquatic
Conservation Strategy of the Northwest Forest Plan (NWFP) for federal forests, State Forest
Management Plans for state forests, Forest Practices Administrative Rules (FPAR) for private
forests, and Agricultural Water Quality Management (AWQM) plans for agricultural lands.
Policies were categorized based on: 1) regulatory mechanism (outcome-based vs. prescriptive
approaches), 2) policy goals, 3) the biophysical criteria used as the basis of policy application
(i.e. fish-bearing or non-fish-bearing, etc.), and 4) the division of land management standards
into separate policy categories of unique requirements.
The categorization of standards was based on a policy review, a supplementary literature
review, and personal correspondence with managing agencies. Statutory laws, administrative
rules and regulations, and regional plans were all examined, along with executive summaries,
guidance documents and other relevant agency briefs. Correspondence with agency professionals
clarified important details, and provided additional insights to inform the categorization process.
Geospatial Datasets
Oregon Coast ESU & HUC-10 Watersheds
Delineation of the Oregon Coast ESU was made available by NOAA in a GIS shapefile
(NOAA, n.d). This data is used for recovery planning for salmon populations. A shapefile
delineating the 84 watersheds of the Oregon Coast Range was acquired from the Watershed
Boundary Dataset made available through the US Department of Agriculture (2013). Watershed
data follow the classification system dividing land areas into successively smaller river basin
units. These hydrologic unit is identified by a hydrologic unit code (HUC) based on the level of
classification. The watershed scale delineated by a 10-digit code (HUC-10) and is the fifth level
of delineation (5th field). These watersheds were delineated by the USDA Natural Resource
Conservation Service (NRCS) following compliance with USGS standards.
Land Ownership and Land Use
Information on land ownership and land use was obtained from the Oregon Department
of Fish and Wildlife (2005). This dataset combines four base layers, including records of public
ownership, private ownership, USGS land cover from 1992, and zoning. These categories were
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reclassified into six classes: federal forest, state forest, private forests, urban, agricultural and
other.
Hydrographic Data
The Oregon Department of Forestry (ODF) maintains a 1:24,000 scale hydrography
(stream layer) of Oregon (Oregon Department of Forestry 2007a). This map of the spatial extent
of stream systems in Oregon (hereafter referred to as “ODF layer”) was compiled as the Private
Forest Program’s official record for stream classification. The database includes information on
fish presence, stream flow duration, stream size, and domestic water use for individual stream
segments. The ODF stream layer was derived from a variety of sources, including federal (BLM,
USFS, USGS) and state agencies (Oregon Department of Forestry). Multiple stream delineation
processes were used to create the data set, including cartographic feature files, digital elevation
models, densification through algorithms, global positioning system, heads-up digitizing, use of
LiDAR, or unknown methods (Oregon Department of Forestry 2007a).
The Forest Practices Administrative Rules requires the Department of Forestry to
maintain this map with information necessary for policy application. The act requires that “the
State Forester shall maintain a map showing the classification of waters of the state…The map
shall show stream, lakes and significant wetlands of known classification within the geographic
area of responsibility for that unit office. For streams, the maps shall indicate the size class and,
when known, extent of fish use and domestic water use classification” (OAR § 629-635-0210).
The data is maintained at a district level by stewardship foresters and district data stewards
(Oregon Department of Forestry 2007a). The stated purpose of the data set is for digital analysis,
cartographic display, FPA fish presence documentation, and interagency data exchange (Oregon
Department of Forestry 2007a).
Intrinsic Potential (IP)
The NetMap stream layer (Benda et al. 2007) was used to delineate the intrinsic potential
of a given stream to support coho salmon (Burnett et al. 2003). Intrinsic potential is an estimate
of the capability of a stream segment to provide suitable habitat for coho salmon based on
channel gradient, valley constraint, and mean annual discharge (Burnett et al. 2003). The
intrinsic potential (IP) approach uses index curves converted from stream attribute values (Van
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Horne and Wiens 1991). These values range from zero to one, with larger values indicating a
higher potential to provide quality rearing habitat for coho salmon. These values have been
found to be positively related to the distribution of juvenile coho salmon in the Coast Range
(Flitcroft et al. 2014).
Geospatial Analysis
Research question 1: To what extent is there variability in riparian management policy
protection across the Oregon Coast Range and its 84 watersheds?
Using ArcGIS 10.1 (ESRI), the different riparian management policy categories were
mapped on the stream network of the Oregon Coast Range using the ODF stream layer. Streams
were clipped to the Oregon Coho ESU layer and joined with the HUC-10 watersheds layer to
delineate streams by watershed. Streams were also delineated by ownership and land use using
the ODFW land cover/land ownership data layer. The join tool was used to automate the
delineation process, which necessitated assigning stream to a single ownership even in situations
where there were different ownerships on each side of the stream.
Further criteria for designating riparian policy standards include delineating a stream
segment based on fish use, stream flow duration, stream size, and domestic water use. The ODF
stream layer included information on these attributes. For stream flow duration and domestic use
attributes, information was standardized to better delineate policy categories (Table 3-1).
However, the dataset did not allow for the delineation of streams based on their potential for
material transport. As a result, streams were not distinguished by transport potential for the
purposes of this analysis. Once the criteria were standardized, streams were then further
delineated into the specific policy categories using a field calculator. This allowed stream
segments to be assigned to a specific policy category based on ownership, land use, biophysical
criteria, and domestic water use. Calculating the extent of individual policies was aided by the
calculate geometry tool in ArcGIS, which calculated the length of streams within policy
categories. These results allowed us to compare the extent of policy standards, as well as the
extent of prescriptive and outcome-based policies (see Chapter Two), across ESU and watershed
extents.
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Table 3-1. Policy criteria standardization
Criteria
“Fields”
Stream Flow Duration Null, Blank, Continuous, Unknown
Ephemeral, Intermittent, Seasonal
Perennial, Perennail [sic]
Ditches
Domestic Use
Domestic, M, Community, D, Yes
None
Blank, Unknown

Standardized to
Unknown
Seasonal
Perennial
Deleted
Domestic Use
No Domestic Use
Unknown

Research question 2: To what extent is there variability in policy protection in stream segments
of high intrinsic potential to support coho salmon?
The NetMap (Benda et al. 2007) stream layer is derived from U.S. Geological Survey
(USGS) 10-m DEMs based on 1:24,000 scale USGS topographic maps. NetMap contains the
physical information necessary to delineate stream segments of high intrinsic potential to support
coho salmon. For the purposes of this study, streams of high IP were defined as stream segments
with a maximum gradient downstream of less than or equal to 0.0705 slope where IP values were
greater than or equal to 0.8 (Burnett et al. 2003). The “field calculator” tool was used to delineate
these stream segments of high IP, which were exported into a separate layer for purposes of the
analysis.
The NetMap and ODF stream layers were spatially inconsistent due to different methods
of stream delineation (see also Chapter 4). Evaluating policy patterns in areas of high IP
necessitated transposing information from the NetMap stream layer onto the ODF stream layer
data set. Due to the time-consuming nature of this process, rather than conducting this analysis
over the entire ESU, two of the 54 HUC-10 watersheds were used to assess policy categories
present along streams of high IP (Table 3-2). The Coos and Coquille watersheds were selected
because these systems contain the highest percent of their total stream length in high IP stream
segments (23% of the high IP stream segments in the ESU).
The location of high IP streams in the NetMap layer was transposed on the ODF layer
using the Buffer and Intersect tools in ArcGIS, using methods similar to Goodchild and Hunter
(1997). A 1-m buffer was generated around segments of high IP and intersected with the ODF
layer. The length of the intersect was used to establish stream segments with a consistent spatial
relationships between the datasets. Intersected stream segments > 20m consistently identify
proper matches. All results were verified manually. Additional high IP stream segments
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matching ODF stream segments were also manually added to ensure completeness in the crosswalk process.
Table 3-2. Watersheds where >3% of the watershed stream length contained streams of
high intrinsic potential to support coho salmon. Watersheds in gray were selected for policy
comparison.
Stream
% of watershed stream length in
HUC-10
kilometers
high IP
Coos Bay
221
12.24
Coquille River
141
10.68
Lower Yaquina River
Siltcoos River

79
161

10.37
8.70

Lower Umpqua River
Beaver Creek
New River
North Fork Coquille River
Rock Creek
Necanicum River
Calapooya Creek
North Fork Siuslaw River
Lower North Umpqua River
Tillamook Bay
Tillamook River
Indian Creek
Deer Creek-South Umpqua River
Lower Siuslaw River

80
45
106
116
42
74
99
47
72
14
55
30
55
72

7.57
7.04
7.01
6.76
6.74
5.55
5.40
5.38
4.95
4.78
4.63
4.60
4.47
3.59

Results
Research question 1: To what extent is there variability in riparian management policy
protection across the Oregon Coast Range and its 84 watersheds?
The development of a continuous policy map throughout the ODF stream layer allowed
for an assessment of policy extents at the ESU, watershed, and stream segment scale. The
percent of streams contained within any given policy jurisdiction varied from 12-40% of the total
stream length across the Oregon Coast ESU (Figure 3-2 and 3-3). The Forest Practices
Administrative Rules, covering commercial timber operations on private land, sets riparian
standards for the largest percentage of the total stream length (40%, 44,811 stream kms). The
Northwest Forest Plan for federal lands sets land management standards adjacent to 32% of the
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total stream length (35,730 stream kms). Both Agricultural Water Quality Management Rules
(13%, 14,140 stream kms) governing agricultural lands and State Forestry Management Plans
(12%, 13,851 stream kms) governing state forest land had a similar percentage of the stream
network contained within their jurisdiction. Other variable plans (tribal, urban, and local
standards) are in place for the remaining 3% of streams (3,520 stream kms).

Figure 3-2: Percentage of total stream network within riparian management policy jurisdiction.
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Figure 3-3: Jurisdictional extent of the major riparian management policies across the Oregon Coast
Range
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The review of policies delineated 25 individual riparian management policy categories,
each with their own management standard. Requirements for buffer widths, delineating areas
where certain management actions may be allowed and others may be prohibited, varied from no
buffer requirement to an estimated 152 meters (Figure 3-4). Buffers had different management
designations across the policy categories. Riparian reserves are designated buffers where limited
management actions are allowed to meet ecological standards. Inner riparian management areas
create some restrictions to management, but individual prescriptions are variable. Outer riparian
management areas afford few prescriptions, and are often used to as a transitional edge between
riparian reserves and upland areas (for a further overview of the delineation of policy
requirements, see Chapter 2).
The streams of the Oregon Coast ESU were further delineated in order to attribute
individual stream segments with their proper policy category of unique management standards.
This effort allowed for a calculation of both the total stream kilometers and percentage of the
stream network within each policy category. The extent varied across the 25 policy categories
(Tables 3-3 through 3-6, Figure 3-5). Streams with uncertain policy classification were prevalent
in these results.
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Figure 3-4: The designated buffer widths within the riparian management standards of the Oregon Coast Range. No-cut widths prohibit timber
harvest. Riparian reserves allow only for management actions that meet ecological goals. Inner riparian management areas allow for more
management actions, while outer riparian management areas are the least restrictive.
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Table 3-3. Spatial extent of various policy standards categorized under the Northwest Forest Plan
Northwest Forest
Federal forest
35,730 stream kms
31.9% of total stream network
Plan
lands
% of total stream network
Fish-bearing
Duration
Stream kms
(ESU)
Yes
No
No

All
Perennial
Seasonal
Uncertain

4064
1219
7120

3.6
1.1
6.4

23328

20.8

Table 3-4. Spatial extent of various policy standards categorized under State Forest Plans
12.4% of total stream network
State Forest Management Plan State Forest Lands 13,851 stream kms
Fish-bearing

Stream Size

Duration

Debris Flow Potential

Stream kms

% total stream network
(ESU)

Yes

All

All

All

1997

1.8

No
No
No

Large/Medium
Small
Small

All
Perennial
Seasonal

All
All
High Energy

116
1579

0.1
1.4

No
No

Small
Small

Potential Debris Flow
Other

3695

3.3

6464

5.8

Seasonal
Seasonal
Uncertain
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Table 3-5. Forest Practices Administrative Rules policy extent
Forest Practices Administrative Rules
Fish-bearing
Yes
Yes
Yes
No
No
No
No
No
No
No

Private Forestry Operations

Domestic
Water Use
Small
All
Medium
All
Large
All
Small
Yes
Medium
Yes
Large
Yes
Small
No
Small
No
Medium
No
Large
No
Uncertain

Stream Size

Stream Flow
Duration
All
All
All
All
All
All
Perennial
Seasonal
All
All

44,811 stream kms

40% of Stream Network

Stream kms

% total stream network

3394
2503
2957
15
9
0
0
0
0
0
35933

3.0
2.2
2.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
32.1

Table 3-6. Agricultural Water Quality Management Plans policy extent
Ag Water Quality Management Plan

14,140 Stream kms

12.6 % of Stream Network

Management area

Stream kms

% total stream network

Coos-Coquille Plan
Curry Plan
Mid-Coast Plan
North Coast Plan

2450
154
1068
1200

2.2
0.1
1.0
1.1

Umpqua River Plan

9140

8.2

Upper Willamette-Siuslaw Plan

128

0.1
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Figure 3-5: Distribution of policy categories of unique requirements within the four major riparian management policies

65

While we were able to assign streams to the four broader policy jurisdictions, our ability
to delineate stream segments into the specific policy categories was compromised by significant
data gaps. Criteria such as fish presence, stream flow duration, mean annual flow, and domestic
water use provide the basis for policy category delineation – however, when information for one
or more of these criteria were missing, it resulted in uncertainty of delineating the specific policy
requirements of many stream segments. Missing data in the ODF stream layer created
uncertainty in the application of policy categories to stream segments through the Oregon Coast
ESU (Figure 3-6). Due to this incomplete data, 60% of the total stream length had some degree
of uncertainty in linking the stream to one of the 25 policy categories. The completeness of data
varied across the four criteria categories. The ODF stream layer was more complete for stream
flow duration and mean annual flow criteria (91-100% complete) compared with fish presence
(59% complete) and domestic water use (1% complete).

Figure 3-6: Extent of the stream network with missing information on the criteria necessary for policy
delineation.

This uncertainty in policy application complicated the mapping effort. However, it was
possible to look at these “uncertain” stream segments to get a sense of possible policy category
application based on available data (Table 3-7). The results indicated that small, seasonal, non-
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fish streams of unknown domestic use falling under the FPAR were the most abundant stream
categories on the landscape, comprising 15.3% of the total stream network. Seasonal streams of
unknown fish use under the Northwest Forest Plan’s Aquatic Conservation Strategy comprise
9.5% of the total river network. Agricultural streams falling under the Umpqua River
Agricultural Water Quality Management Area Rules and Plan also contain a large proportion of
the stream network (8.2%, see Table 3-6).
Table 3-7. Policy attributes of streams designated as "uncertain" (>1% of stream length)
Policy
Northwest Forest Plan
Uncertain Fish; Perennial
Uncertain Fish; Seasonal
Uncertain Fish; Uncertain Duration
State Forest Management Plans
Uncertain Fish; Small Size; Seasonal
Forest Practices Administrative Rules
Non-Fish; Uncertain Domestic; Small Size; Perennial
Non-Fish; Uncertain Domestic; Small Size; Seasonal
Non-Fish; Uncertain Domestic; Small Size; Uncertain Duration

Length
(km)

% Stream
Length
ESU

8566
10689
2560

7.6
9.5
2.3

4370

3.9

2847
17112
2228

2.5
15.3
2.0

The proportion of the stream network in an uncertain policy category varied by watershed
(Figure 3-7). Compared across watersheds, the proportion of the stream network where the
policy category could not be assigned ranged from 4.1-99.4% of the stream network. The high
mean value (62.1%, SD = 19.1%) reflects the extent of missing data in this stream layer.
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Figure 3-7: Variability across watersheds in the extent of streams of uncertain policy classification

Although specific categories of requirements were difficult to assign to stream segments,
it was possible to assess watersheds based on the proportion of streams falling under the four
major policies (Northwest Forest Plan, State Forest Plans, the Forest Practices Administrative
Rules, and the Agricultural Water Quality Management Rules). We could also examine the
proportion of a watershed’s stream network where adjacent lands are governed by outcome
based policies vs prescriptive standards. vs. prescriptive standards. Quantifying the proportion of
stream length in outcome-based policies revealed variability in policy protection across
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watersheds (Figure 3-8). Across the Oregon Coast ESU, 13% of the total stream network fell
within outcome-based policies. However, the proportion of the total stream length falling in
these outcome-based standards was highly variable across watersheds, ranging from 0% 78.54% with an average of 14% (SD = 19%) (Table 3-8).

Figure 3-8: Variability across watersheds in the extent of streams in outcome-based policies
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Table 3-8. Watersheds where >10% of the stream network was contained within outcomebased policies
HUC 10 Watershed
Deer Creek-South Umpqua
Lower North Umpqua
Clark Branch-South Umpqua
Calapooya Creek
Olalla Creek-Lookingglass Creek
Elk Creek (FID38)
Upper Umpqua
Myrtle Creek
Coquille
South Fork Coquille
Days Creek-South Umpqua
New River
Umpqua River-Sawyers Rapids
Lower Cow Creek
Middle Cow Creek
Coos Bay
Tillamook
Elk Creek (FID23)
North Fork Coquille
Tillamook Bay
Tenmile Creek (FID54)
Lower Umpqua
Upper Yaquina
Little Nestucca

% of stream length in outcome-based standards
78.54
78.02
68.62
62.90
46.44
36.88
35.47
31.56
28.91
28.41
24.13
23.63
20.88
18.58
18.44
14.98
14.45
14.26
14.03
13.93
13.81
12.04
10.75
10.00

Research question 2: To what extent is there variability in policy protection in stream segments
of high intrinsic potential to support coho salmon?
Mapping the distribution of policy requirements also allowed for a comparison of policy
requirements within stream segments of specific management concerns – stream segments of
high intrinsic potential to support coho (high IP). The analysis focused on policy categories in
the two HUC-10 watersheds containing the greatest total length of high IP streams: the Coos Bay
Watershed (12.2%, 221 km) and the Coquille watershed (10.7%, 141 km). In these two casestudy watersheds, the percentage of streams contained within policies differed between high
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intrinsic potential streams and the greater watershed (Figures 3-9 and 3-10). In the Coos
watershed, the proportion of streams within the jurisdiction of Agricultural Water Quality
Management Plans was higher when evaluating stream segments of high IP (39%) compared
with the proportion of these standards at the watershed scale (15%). At the IP stream segment
extent, outcome-based policies such as these agricultural plans were the most prevalent policy
response. This pattern was also observed in the Coquille watershed, where the proportion of
streams in outcome-based standards was larger in high IP streams (60%) compared to watershed
context (29%).
Discussion
Understanding the spatial distribution of land management standards in a policy
landscape can give context to biophysical conditions as well as help identify challenges to
management efforts encompassing ecological systems (Brody et al. 2003; Spies et al. 2007;
Fremier et al. 2015). Our results from delineating, mapping, and quantifying stream segments
based on adjacent land management requirements indicate that there is a high degree of
variability in regulatory approaches and policy standards to riparian management in the Oregon
Coast Range. The proportion of riparian policies differed based on the spatial extent of the
analysis. While prescriptive efforts encompass 85% of streams in the ESU, this percentage can
be as low as 21% in some watersheds. Such efforts were also found to be proportionally lower in
streams of high IP compared with the ESU. The two case-study watersheds had stream segments
important to a threatened species (i.e. of high IP) that were disproportionately managed under
outcome-based policies compared to the proportion of stream segments managed under outcomebased policies at the watershed-scale, as well as the broader scale of the ESU. These results
suggest that protective policy efforts do not always directly correspond with management
concerns.
This effort to characterize this policy approach was also complicated by gaps in data.
These results are consistent with other research detailing the difficulty in delineating streams by
those biophysical features necessary for policy application (Downing et al. 2007, Nadeau 2011,
Caruso 2015). It also suggests that our ability to describe policy efforts across large spatial scales
is limited by our ability to accurately characterize riverscape systems.
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Figure 3-9: Proportion of streams within each policy at the watershed and high IP stream extents in Coos Bay watershed.
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Figure 3-10: Proportion of streams within each policy at the watershed and high IP stream extents in the Coquille watershed
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Comparing across spatial extents
Examining a policy response across spatial extents demonstrated how the proportion of
streams within policy standards can shift from broad extents to individual stream segments. This
proportional metric can help us broadly quantify a policy response at the ESU scale, but this
understanding is incomplete without incorporating considerations of the policy response at a
watershed and sub watershed scale. The context of a policy response can vary across watersheds.
For example, there was a broad range in the extent of the stream network running through lands
governed by outcome-based policies (0-78.5%), with some watersheds containing a far greater
proportion of their stream network in these policies compared to the Oregon ESU (12% of the
total stream network). Watersheds differed in the extent of specific policy requirements,
reflective of the dominant ownership patterns in these regions.
High intrinsic potential, low policy protection
Understanding policy action in stream segments of particular concern can help further
link policy goals to their application in a landscape. Streams of high intrinsic potential has
proven to be an important predictor of coho salmon abundances (Flitcroft et al. 2012; Steel et al.
2012). Due to this, the IP method has been suggested as a way of identifying highest priority
stream segments for private land management (Pickard 2013). When assessing policy patterns in
these stream segments of high IP, the results of this study are consistent with previous research
that has found these stream segments occur primarily within agricultural lands (Burnett et al.
2007). Although our efforts did not characterize all sub-watersheds in the ESU, this pattern was
observed in the two watersheds containing the highest percentage of high IP streams within the
watershed. Stream segments of high intrinsic potential for coho salmon fell disproportionately
into agricultural lands compared with the watershed- and ESU- scales. Understanding the spatial
extent of various policies in stream segments of high IP could inform recovery efforts. The
regulatory disconnect between policy goals and biophysical reality creates important
consideration for prioritizing action in these areas. As the role of prescriptive policy action is
much smaller in these regions, it may necessitate more targeted approaches to restoration and
voluntary actions.
Understanding the policy landscape could be further explored by considering other
stream segments of management concern, expanding the analysis from a single-species
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perspective. For example, analysis would benefit from considering streams that offer habitat for
other native riparian or aquatic species. This would allow for analysis that explores policy
patterns from a biodiversity prospective. The ability to characterize policy action across these
scales may be an important element or pre-requisite for a more flexible approach to ecosystembased management (e.g. Newton and Ice 2015).
The question of data availability and accuracy
The hydrographic dataset used in this analysis did not contain the biophysical or water
use data necessary for delineating all stream segments into specific policy categories. Difficulty
in linking standards to physical location suggests that there are barriers to characterizing a policy
response over a broad landscape. Understanding policy application necessitates a continuous
understanding of the biophysical context of stream segments. While there are numerous studies
highlighting the difficulty of creating spatially-comprehensive databases that detail the physical
attributes of stream systems (further explored in Chapter 4), this barrier is an important
consideration to guide development of policy approaches to ecological issues. There are
currently suggestions to create more site-specific policy standards based on the local physical
conditions of a given stream segment (Newton and Ice 2015), while incorporating consideration
of the conditions within and across watersheds (Reeves et al. 1995). Development of site specific
policy standards would require the ability to look at policy action across spatial scales. The
results of this study suggest that in order to develop such a management framework, a consistent,
centralized data effort coordinating across multiple agencies and ownerships would be required.
The difficulty of creating extensive databases may be a reflection of an agency balancing
the integrating local decisions into a large scale policy effort. For example, the Forest Practices
Administrative Rules allows for determination of a streams policy category based on site
inspection, data from landowners, or judgement calls based on knowledge of the area [OAR §
629-640-0200 (6)(b)]. However, this “bottom-up” approach of local judgement calls may not be
fully integrated into broader databases of policy response. Regional offices may have more
comprehensive information of local determination that are not fully integrated into broader
spatial data. At the same time, agencies may be hesitant to apply standards based on “top-down”
modeling approaches that may not accurately characterize a given stream segment.
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Challenges to characterizing a policy landscape
The results presented here represent an attempt to quantify the fragmentation of a policy
response over multiple agencies. Because local and regional policy decisions are not
incorporated here, these results may differ from the actual policy landscape. Hence, the “policy
landscape” may not reflect the actual biophysical condition (i.e. presence/absence of riparian
buffers). Further, the reliance on older datasets to characterize land ownership (2005) and land
use (from Landsat data from 1992) may not accurately characterize the existing landscape, as
these patterns are dynamic in time and space (MacLean 1990; Stanfield et al. 2002). This
mapping effort requires additional verification and is intended to be an exploratory analysis for
research purposes, not a regulatory tool.
Conclusion
The riverscape is an important framework for evaluating the spatial context of a policy
effort to ecosystem scale management concerns. Policy and management requirements can offer
an additional element of context within implication on the biophysical and ecological processes
and patterns of riverscape systems. These requirements are ideas about nature projected onto the
landscape, with variable standards developed through scientific and social processes. The mosaic
of policy requirements applied across the riverscapes of the Oregon Coast Range speaks to the
difficulty of managing across agencies and ownerships.
This work found that the variability of standards, and the application of these standards,
is suggestive of a fragmented policy response where policies are not always aligned with
management concerns. In order to overcome the intrinsic fragmentation of the current framework
for environmental protection, a great deal of coordination is necessary across agencies and
ownerships (Flitcroft et al. 2009; Richardson et al. 2012). This coordination effort can be aided
through the use of GIS technology to consider the spatial implications of a multi-agency policy
response (Hendriks 2000;Wright et al. 2009). However, these spatial representations are
complicated by the variable ways of representing river networks and their biophysical attributes
(Vance-Borland et al. 2009; Lamouroux et al. 2014). These differences result in agencies having
different understandings of the extent of the stream network as well as the extent of policy
protection. The barriers to understanding the policy landscape created by differences in spatial
data are further explored in Chapter 4.
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Chapter 4) Policy patterns through riverscapes: The influence of stream
hydrography
Introduction
In order to apply appropriate policies to riparian systems, an accurate representation of
the extent and location of streams is required (Caruso 2015). Accurate biophysical attributes of
the stream related to their flow duration, fish presence, size, or use must also be incorporated
(Richardson et al. 2012). The management of aquatic and riparian ecosystems must face the
challenges of creating a standard analytical framework for comprehensively characterizing
stream systems and their biophysical attributes across large spatial scales (Lamouroux et al.
2014). These datasets can be critically important to collaborative efforts to manage ecosystems
across agencies and ownerships (Hendricks 2000, Wright et al. 2009). However, the numerous
methods for delineating stream hydrography, modeling the extent of the river network in a given
geographic area, has led to multiple representations of stream networks that vary in their extent,
scale, and resolution (Clarke et al. 2003). As a result, policy efforts may be misled by inaccurate
information (Vance-Borland et al. 2009) and managing entities may rely on datasets that are
difficult to compare (Clarke et al. 2008). These spatial representations can strongly influence
natural resource decision making (Duncan 2006) and inconsistencies may lead different agencies
to have different views of the same management issue (Vance-Borland et al. 2009). Therefore,
differences in stream hydrography must be considered when characterizing the spatial
representation of policy requirements through river systems. Here we give an example of how
the choice of hydrography can influence our understanding of these policy patterns, and can be
an important consideration in coordinating management efforts.
Stream hydrography: technical challenges, policy implications
Understanding policy requirements through a riverscape requires a consistent and
accurate hydrography, the spatial representation of the stream network and its attributes.
However, there are significant barriers to the creation of an accurate, high resolution model of
the stream network. The development of hydrographic data relies on remote sensing and
modeling methods which vary in the underlying data used or in the method of stream extraction
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(Lamouroux et al. 2014). As a result, some stream layers may over- or under- represent the
spatial extent of the river network (Clarke et al. 2003).
Further complicating an understanding of the extent of waterways within a region is the
natural variability of the stream network. The network extent will naturally expand or contract as
a result of variability between wet and dry seasons, variability across years, or shifts in
contributing area during precipitation events and episodic storm surges (Hewlett and Nutter
1970). In the Willamette Valley of western Oregon, the wet winter season can lead to stream
drainage densities close to two orders of magnitude greater than summer densities (Wigington et
al. 2005). This makes spatially representing the extent of a stream network a challenging
endeavor. It also makes categorizing attributes, such as the duration of stream flow, problematic
(Fritz et al. 2013). For example, one study in the Pacific Northwest found that accuracy of
methods for delineating stream flow duration ranged from 44-84% compared with field
measurements (Nadeau et al. 2015)
The iterative development of increasingly fine-resolution data to accurately extract
drainage patterns has led to multiple hydrographic databases (Benda et al. 2007; Lang et al.
2012). Due to the differences in methods, these data may be inconsistent in their stream densities
or spatially misaligned, necessitating time-intensive efforts to compare data (Goodchild and
Hunter 1997). Analyses of large areas must often compile data from several sources, resulting in
spatial variation within a dataset due to inconsistencies in source scales (Stanislawski et al.
2015). Variability in the data results in a particular challenge to riverscape-wide policy and
management frameworks, which base policy applications on considerations such as the
“navigability” of waterways or the duration of stream flow. These technical challenges pose
significant barrier to creating a broad regional management response to aquatic ecosystem
concern. Integration of information at multiple spatial scales is required to help determine the
appropriate policy or management response (Reeves et al. 1995; Olson et al. 2007). Consistent,
accurate representations of the stream network would be a valuable step in aiding coordination
and streamlining data sharing across managing entities.
While methods exist to overcome the differences in independently-derived stream
networks (Stanislawksi et al. 2015) and new methods are being developed to more accurately
delineate stream networks (Passalacqua et al. 2010), agencies may vary in their capacity to
integrate new methods into existing management frameworks. While there can be concern over
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the implications of different hydrographies on the development of policy (Vance-Borland et al.
2009), there is a lack of research efforts assessing the role of hydrography in understanding the
spatial extent of policies. This led to our research question:


How does the spatial extents of riparian management policies (in stream kilometers) in
the Oregon Coast Range vary based on two different hydrographic datasets?

For this study we compared hydrographies in the Oregon Coast Evolutionarily Significant Unit.
A detailed description of this area is provided in Chapter 3.
Methods
The analysis was based on comparison of two different hydrographic datasets: the Oregon
Department of Forestry (ODF) stream layer and NetMap (Benda et al. 2007). Policies for
riparian management and rules for their application are discussed in Chapter 2. An explanation
of the development of the ODF policy map is provided in Chapter 3. A policy map was then
developed using the NetMap stream layer. The extent of policies was then compared across the
two hydrographies.
NetMap Hydrographic Data
The NetMap stream layer is derived from U.S. Geological Survey (USGS) 10-m DEMs
based on 1:24,000 scale USGS topographic maps. Where data are available 1-5m resolution
LiDAR data is used to generate the extent of the river network. NetMap uses a standard method
for stream delineation across large geographic areas. The data is developed using a “catchment
basin” approach where initiation site for a stream varies with slope and planform curvature
(Miller 2003; Clarke et al. 2008), built using DEMs and computerizing flow routing algorithms.
NetMap delineates streams into segments ranging in length from 20-200m and contains modeled
stream attributes for each stream segment, including calculated values of intrinsic potential to
support coho salmon.
Geospatial Analysis:
To create a policy map using the NetMap hydrography, the ODFW ownership and land cover
layer was joined to NetMap in ArcGIS 10.1 (ESRI), delineating stream segments by policy
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jurisdiction. Methods to delineate stream segments based on the policy criteria (fish presence,
mean annual stream flow, stream flow duration, and domestic water use) are detailed below


Fish use: Fish-bearing portions of the stream were delineated based on criteria provided
by the Oregon Department of Forestry (ODF 1994, 2007b). A 20% gradient threshold
was used to designate fish use, assuming no fish presence upstream of any stream
segment with gradient >20% (Clarke et al. 2008). NetMap’s “MAX_GRADIENT_D”
field was used to designate these stream segments. Fish use streams were further
delineated using the Oregon Bioscience Framework Fish Passage Barrier dataset (Oregon
Department of Fish and Wildlife 2015), which was used to identify natural barriers to fish
passage. Streams above these barriers were designated as non-fish-bearing streams.



Stream size: The NetMap stream layer delineates stream segments based on the modeled
mean annual stream flow values. Values were converted from cms to cfs and categorized
into small (average annual flow of 2 cfs or less), medium (average annual flow >2 cfs,
<10cfs), or large (average annual flow 10 cfs or greater) categories of stream size.



Stream flow duration: Stream flow duration was assigned to streams using a method
developed by Clarke and others (2008). This approach provided a cumulative distribution
function from drainage area corresponding to the upper limit of perennial flow
determined in field sites across the Siuslaw National Forest in the Oregon Coast Range.
This allowed for an estimate of probability of perennial flow from a given drainage area.
Based on interpretation of the cumulative distribution function, perennial flow
distinctions were assigned to streams with contributing area of >= 0.06 at 85%
probability based on the point of inflection in the cumulative distribution curve.



Domestic water use: Domestic water use classification was assigned to streams using a
Oregon Department of Water Resources (2004) shapefile containing water rights data
clipped to the Oregon Coast ESU. The shapefile includes the location of specific points
of water diversion. Records were filtered for designated surface water rights as specified
by OAR § 629-635-0200(3)-(8) and OAR § 629-640-0200. Records were further filtered
to include only those permits where the use code description was listed as domestic,
group domestic, quasi-municipal or municipal (Oregon Department of Forestry 2007b).
This resulted in 2425 records of domestic use in the Oregon Coast Range. However, these
records were spatially inconsistent with the NetMap stream layer – points of diversion
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were never placed directly on streams. In order to cross-walk the domestic use point data
to the NetMap segments, a 20m buffer was generated around the point features and
intersected with the NetMap layer using ArcMap 10.1. Results were manually assessed
to ensure a reasonable fit between the point value and adjacent stream segment. Further
details of the water rights were consulted to ensure proper linking between the OWRD
points and the NetMap stream layer. A conservative approach was taken – if multiple
stream segments fell within same domestic use buffer and it was unclear as to the
location of the point of diversion, then no streams were designated as domestic. Because
of this, the resulting policy layer consistently underestimated domestic use – 1186 of the
2425 total records of domestic use were used to designate domestic use streams.
Once these criteria were standardized to reflect the policy categories, streams were then
further delineated into specific policy categories based on the combination of ownership and
criteria using the field calculator tool. This resulted in the creation of a continuous policy
map using the NetMap data layer. The 84 HUC-10 watersheds were joined to the stream
layer to further delineate stream segments based on watershed. The extent of a given policy
approach was calculated using calculate geometry and frequency tools. These results allowed
us to compare policy categories between the two datasets across ESU, watershed, and stream
segment extents.
Results
With two continuous policy maps of the Oregon Coast Range ESU, it was possible to
compare variation in the extent of riparian land management policies between the two
datasets. Differences in stream delineation methods between the NetMap and ODF layers led
to spatial inconsistency in the placement of streams through the Oregon ESU (Figure 4-1).
This difference in extent was also seen in a comparison of the drainage densities among the
84 watersheds (Figure 4-2). The range of drainage network length was higher in the ODF
dataset (9.4 km/km2) compared with the NetMap Dataset (2.9 km/km2) (Table 4-1). The R2
values of the two datasets indicate that the watersheds of the NetMap layer (R 2 = 0.92) had a
more linear relationship compared with the ODF stream layer (R 2 = 0.64).
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Figure 4-1: Two hydrographic representations of the stream network of the Nestucca River watershed.
The ODF stream density is much higher than NetMap for this watershed.
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Figure 4-2: Comparison of drainage density between two hydrographic datasets

82

Table 4-1. Summary statistics comparing drainage densities (k/km2) for two
hydrographic datasets
Hydrography

Min

Max

Mean

SD

NetMap

1.4

4.3

2.9

0.5

ODF

0.3

9.7

4.0

1.6

When comparing the extent of policies in these two stream layers, there was some large
shifts in the extent of these policy categories across the Oregon Coast ESU (Figure 4-3, Table 43). Much of this difference was due to the absence of“unknown” streams in the NetMap layer.
The methods for delineating the biophysical criteria were applied uniformly across the stream
layer, resulting in a complete record of these criteria for each stream segments. Stream segments
listed in “uncertain” policy categories in the ODF layer were shifted into policy categories in the
NetMap analysis. The NetMap stream layers showed a greater percentage of the stream network
in non-fish perennial streams covered under the Northwest Forest Plan (20%, an increase of
16,380 stream km). A sizeable increase was also seen in non-fish small perennial (15%, an
increase of 12,291 stream km) and seasonal streams (7%, an increase of 5,794 stream km,
length) streams compared with the ODF dataset.

Figure 4-3. Comparison of the stream network proportion within policy categories in the NetMap and
ODF stream hydrographies
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Table 4-2. Comparison of stream extent from NetMap and ODF policy mapping effort
Policy Category
NetMap
NWFP - Fish
NFWP - Non-fish Perennial
NWFP - Non-fish Seasonal
NWFP - Uncertain
State - Fish
State - Non-fish Large/Medium
State - Non-fish Small Perennial
State -Non-fish Small Seasonal
State - Uncertain
FPAR - Fish Small
FPAR - Fish Medium
FPAR - Fish Large
FPAR - Non-fish Small Domestic
FPAR - Non-fish Medium Domestic
FPAR - Non-fish Large Domestic
FPAR - Non-fish Small Perennial
FPAR - Non-fish Small Seasonal
FPAR - Non-fish Medium
FPAR - Non-fish Large
FPAR - Uncertain
Ag WQMP - Coos-Coquille
Ag WQMP - Curry
Ag WQMP - Mid-Coast
Ag WQMP - North Coast
Ag WQMP - Umpqua River
Ag WQMP -Upper Willamette-Siuslaw

ODF

Total Stream
Length (km)

% of Total River Network

Total Stream
Length (km)

% of Total River Network

6215
17599
5294
0
2552
489
3216
2292
0
7966
2130
2528
12
2
0
12291
5794
1062
432
0
1793
90
830
684
7846
87

7.4
20.9
6.3
0
3
0.6
3.8
2.7
0
9.4
2.5
3
0
0
0
14.6
6.9
1.3
0.5
0
2.1
0.1
1
0.8
9.3
0.1

4064
1219
7120
23328
1997
116
1579
3695
6464
3394
2503
2957
15
9
0
0
0
0
0
35933
2450
154
1068
1200
9140
128

3.6
1.1
6.4
20.8
1.8
0.1
1.4
3.3
5.8
3
2.2
2.6
0
0
0
0
0
0
0
32.1
2.2
0.1
1
1.1
8.2
0.1
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There were some differences between the two hydrographies in the percentage
of streams in outcome-based standards (Table 4-3). A higher percentage of streams
fell within outcome-based standards according to the NetMap stream layer. Overall,
the increase suggested was small (mean increase of 0.9%). However, the watershed
with the largest proportion of stream network in outcome-based standards increased
by 14% in the NetMap stream layer, suggesting that there were some key differences
between the hydrographies at the watershed scale.
Table 4-3. Summary statistics comparing the % stream network in outcome-based
standards in two hydrographic datasets
Hydrography

Min

Max

Mean

SD

NetMap

0

92.6

11.8

18.2

ODF

0

78.5

10.9

16.7

The two stream layers also differed in the percentage of high intrinsic
potential streams for coho salmon within watersheds (Figure 4-4). The NetMap data
layer had a greater percentage of the stream network containing high intrinsic
potential across watersheds. For example, in the Tillamook watershed the NetMap
stream layer showed has 12% of the watershed stream length in high IP streams,
compared with 4% in the ODF layer. Overall the NetMap data layer estimated a
larger proportion of high IP streams within watersheds.
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Figure 4-4. The percentage of the stream network in areas of high intrinsic potential to
support coho salmon compared between two hydrographies

As NetMap contains information on the physical stream attributes necessary
to delineate streams of high IP for coho salmon, it was possible to assess the extent of
policy protection of high intrinsic potential stream across all of the 54 watersheds
containing these streams (Figure 4-5, Table 4-5). Agricultural Water Quality
Management Plans were the prevalent riparian policy in effect in streams of high IP,
totaling 44% of the total length of high IP streams. A high percentage also fell under
urban (12.7%) and other (8.7%) jurisdictions, as well as under requirements of the
FPAR (totaling 28%).

86

Figure 4-5. The proportion of streams of high intrinsic potential for coho salmon within
policy categories across the Oregon Coast ESU based on the NetMap stream layer

Table 4-4: Extent of policy protection in high IP for coho streams across the
Oregon Coast ESU (NetMap)
Stream
% of high IP stream
HUC-10
kilometers
length
NWFP-Fish
State-Fish
FPAR - Fish Small

112
34
55

4.7
1.4
2.3

FPAR - Fish Medium

293
322
331
29
181
196
299
300
206

12.4

FPAR - Fish Large
Ag WQM Plan - Coos-Coquille
Ag WQM Plan - Curry
Ag WQM Plan - Mid-Coast
Ag WQM Plan - North Coast
Ag WQM Plan - Umpqua River
Urban
Other

13.7
14.0
1.2
7.7
8.3
12.7
12.7
8.7
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It was also possible to compare hydrographies based on the two case HUC-10
watersheds (the Coos and Coquille watersheds) where IP values were added to the
ODF layer. The differences in the proportion of streams within policy classes varied
only slightly between the two datasets (Figure 4-6 and 4-7). As the ODFW dataset for
land ownership and land use was used to determine policy classifications for both
stream segments, these similarities at the stream segment scale are expected.

Figure 4-6: Differences in stream length in high IP streams in the Coos Bay watershed,
compared across two hydrographies

Figure 4-7: Differences in stream network proportion by policy category in the Coquille
watershed, compared across two hydrographies
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Discussion
The results of this analysis indicate that the choice of hydrographic datasets
can affect our understanding of policy applications through riverscapes. The two
policy maps developed for this project held some key dissimilarities due to the
differences in the relationship between stream length and watershed area. The
differences observed in drainage densities were likely due to the underlying
methodology used to create these datasets. The standard delineation method of the
NetMap layer resulted in a consistent relationship between watershed area and stream
length (Figure 4-2), while the variability in drainage density seen in the ODF stream
layer is likely due to the variable methods used to develop this dataset (Table 4-2). At
the watershed extent, differences in stream density led to differences in the proportion
of streams lacking prescriptive policy standards. While variations between the
datasets were minimal on average, there were watersheds where the policy context
shifted noticeably between hydrographic datasets. At the stream segment scale,
differences in hydrography have a significant effect on the percentage of intrinsic
potential for coho salmon within a watershed (Figure 4-4). The ODF stream network
contained a lower percentage of the stream network with high intrinsic potential to
support coho salmon. Hence, the choice of hydrography could have implications
when attempting to prioritize conservation and restoration efforts.
The incomplete nature of the ODF stream layer, and the resulting
redistribution of the “uncertain” stream into policy categories due to the continuous
categorization of stream criteria in the NetMap layer, complicated our ability to
specifically address the role of hydrography in influencing policy patterns. Instead,
this work both highlighted significant gaps in key data required to properly apply
policies and characterized both the role of hydrography and the role of biophysical
data in shifting policy patterns.
The NetMap stream layer comparison helps us better understand the policy
landscape by identifying policy categories that are underrepresented in the ODF
stream layer. Across the ESU, policy mapping using the NetMap hydrography
suggests that non-fish perennial and seasonal streams are prevalent in the ESU (Table
4-2). Specifically, FPAR fish small fish and non-fish streams are likely prevalent on
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the landscape. As these streams are of particular concern (Frissnell 2014, U.S.
Department of Commerce 2015), integrating these streams into the appropriate policy
category is important for any analysis of current policy and management practices.
For example, this information would be crucial for quantifying the possible total
stream length affected by the proposed revisions to the FPAR affecting small and
medium fish-bearing streams used by salmonids. Incomplete information is a barrier
to understanding both present and future policy decisions.
The results also add evidence to the proportion of high intrinsic potential
streams falling within outcome-based policies. Within the two case watersheds, the
high proportions of streams within these agricultural lands were consistent across the
two hydrographic datasets (Figure 4.6, 4.7). Further, the policy context of all high IP
streams across watersheds made possible with the NetMap policy layer suggest that
these watershed patterns hold true for these stream segments at broader spatial extents
of analysis (Figure 4-4). With 44% of high IP stream segments contained within
agricultural lands, recovery efforts must account for this policy reality when assessing
ecological goals and restorative strategies.
Conclusion
Assessing policy patterns using two different hydrographic datasets highlights
the level of influence these data hold in understanding policy response. Results here
extend the technical concerns of developing hydrographic data to the understanding
of policy response. This spatial representation of the stream network is the basis of
our efforts, and variations can affect our understanding of the policy context at
multiple scales. Policy efforts must consider the stream generating method, resulting
stream densities, and metric used to evaluate policy application. These findings may
be important considerations for coordination efforts for addressing ecological
concerns encompassing large areas, multiple ownerships, and numerous land
interests.
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Conclusion
This effort develops a framework for evaluating and quantifying the spatial
extent of natural resource policy efforts. Creating this framework necessitated
reviewing land management policies across multiple managing entities, categorizing
the standards within these policies, and delineating streams based on the application
of these standards. Understanding the spatial arrangement and extent of these
standards across the landscape is a crucial first step in considering appropriate
approaches to addressing large-scale ecological concerns. These management goals
can also benefit from considering the policy extents observed within individual
watersheds, giving context to the current range of conditions within these riverscapes.
Assessing a policy response in stream segments important to species of concern can
be helpful for targeting conservation and restoration planning efforts.
The variability of riparian management policies in the Oregon Coast Range
creates a mosaic of requirements across the landscape: restrictive precautionary
standards, prescriptive standards that have been questioned as insufficient for
protection of aquatic species, and regulatory gaps devoid of any prescriptive
standards. If implemented as written, the current range of policy standards in the
Oregon Coast Range would result in a range of riparian conditions. While the overall
patchwork regulatory strategy does include protective strategies, there are not clear
signs that it has been successful in promoting or protecting aquatic habitat in the
Oregon Coast Range (U.S. Department of Commerce 2015; NMFS 2016).
Given the uncertain future posed by climate change, as well as potential shifts
in human land uses and resource needs, it is necessary to consider the continuity of
natural resource management goals and efforts at broad spatial scales. However,
implementing a policy effort that can respond to these emerging challenges is
complicated by the lack of examples of regulatory responses that properly incorporate
spatial and temporal considerations (Johnson and Duncan 2009). Environmental
policy tends to develop on long time cycles based on windows of opportunity,
including crises, new scientific understanding, or changes in social perspectives
(Haeuber 1996; Weber and Driessen 2010). A policy response of high connectivity –
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coordinating landowner action over time and space - would require a political
preparedness that is rare in resource management problems.
There are immense challenges to translating the variability of a multiownership policy response (Spies et al. 2007) into a centralized management strategy
that incorporates the natural variability necessary to preserve aquatic habitat (Reeves
et al. 1995) across multiple spatial and temporal scales (Wiens 2002). While there has
been a focus on the need to adapt management practices to allow for such variability
(Allen 2011; Conroy and Peterson 2013), there has been less discussion for the
guiding principles necessary for a landscape-scale policy approach – how do we
create not only a heterogeneous landscape, but also a connective policy response
across watersheds? This poses the question of creating a unified vision for a policy
response that maintains natural processes and allows for the natural variability of
habitat conditions, yet still encompasses public trust responsibility and protection for
a broad platform of ecological and social interests. This policy response would
necessitate a balance of the tools of the regulatory tool box – setting standards while
creating incentives.
Current concerns over the fragmentation of ecosystem management are being
addressed in both regulatory and voluntary methods. From a regulatory perspective,
the advent of an “ecological public trust” (Craig 2010) movement echoes the
riverscape knowledge of ecological processes. Some states have begun to adopt a
legal ideology concerned not only with the status of media such as air, water, land,
and species, but also with the interactions of these mediums across ecosystems. An
ecological public trust could expand policy protection to broader public resources,
such as the atmosphere, plant and animal species, and the processes and interactions
of ecological systems (Wood 2013). Ecological public trust principles have been
adopted by the legislature of Hawaii, citing its reliance on natural resources as an
island ecosystem, as well as through the courts of California, citing the scarcity of
water resources (Craig 2010). Calls for this level of protection emphasized the
magnitude of challenges to natural resource management expected due to climate
change impacts (Wood 2007) which may exacerbate ecological stressors (Palmer et
al. 2008) and thus necessitate new thinking in policy efforts. The ecological public
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trust legal framework could expand the spatial and temporal extent of resource
protection– managing trust resources not only for current generations, but
safeguarding them for the use of future generations as well.
While this effort is important for addressing the concerns outlined in this
study surrounding current policy efforts – policy responses as fragmented, variable,
and allowing for gaps – there is also an opportunity to build collaboration across
ownerships to address natural resource issues. This has been characterized as a move
from government to governance, a framework where power and authority are
decentralized and offered to a broader representation of stakeholders (Harrington et
al. 2008). At the moment, there are numerous experiments to develop such a
framework for management across ownerships. These efforts can allow for the
development of “flexible social infrastructure” where landowners, agencies, and
interest parties can gather together to meet regional objectives (Flitcroft et al. 2009).
An example of this approach is seen in the Oregon Plan for Salmon and Watersheds,
enacted to create a program intended to restore and protect ecological functions
across the watersheds of Oregon (Coe-Juell 2005). The development of watershed
councils within the state has created an ongoing social experiment developing new
governance structures focused on a geographic extent delineated based on
management reality rather than delineated arbitrarily based on historic jurisdictions
(Reeves et al. 1995, Lurie and Hibbard 2008).
At the same time, the development of these efforts may rely on the credible
threat of regulatory action (Dowd et al. 2008). It has been suggested that regulation
can be complementary to voluntary action in addressing policy concerns (Lyon and
Maxwell 2002). Further, regulatory efforts could interact more directly with voluntary
action by steering conservation and recreation targets towards the gaps in policy
standards identified through riverscapes (Pickard et al. 2013). There are concerns that
the millions of dollars that have been used in restoration spending in the Pacific
Northwest (Bernhardt et al. 2005) have been disproportionately placed in federal
lands higher in river systems (Bernhardt et al. 2007) and may be lacking in areas of
crucial habitat (Flitcroft et al. 2014). Policy mechanisms can be explored to shift
restoration funding to areas of greater ecological concern, building capacity for
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innovators on the landscape. Targeting incentives spatially could aid in increasing
contiguous forest habitat (Lewis et al. 2009) and assisting in biodiversity conservation
objectives (Lewis et al. 2011). Coordination of voluntary and regulatory mechanisms
could help shift from a fragmented management framework to a “working landscape”
(Cannovò 2007), replacing the old dichotomy of resource extraction vs. preservation
with a renewed emphasis on regional planning, stakeholder involvement, and
communication.
Top-down and bottom-up policy approaches to land management will
continue to develop in the Oregon Coast Range. At the same time, emerging
technology will help to better characterize and categorize aquatic ecosystems. These
efforts will help to better understand management responses, integrating the spatial
considerations of planning efforts. There is a great deal of work to be done to create a
spatial framework for implementing regional standards, monitoring ongoing
restoration efforts, and evaluate local action based on regional and riverscape context.
This study provides one of the first assessments of how policy standards for different
ownerships, land uses, and management are manifested in spatial patterns across the
Oregon Coast Range. This work can guide future efforts to consider the policy
landscape as well as the biophysical landscape for management of the river and its
valley.
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