
AN ECOLOGICAL ASSESSMENT OF RIPARIAN

LAND-USE REGULATION, LANE COUNTY, OREGON

by

GREGORY JOSEPH VERRET

A RESEARCH PAPER

submitted to

THE GEOSCIENCES DEPARTMENT

in partial fulfillment of the
requirements for the

degree of

MASTER OF SCIENCE

GEOGRAPHY PROGRAM

October 1995

Directed by
Dr. JAMES R. PEASE



Acknowledgments

I offer my sincere thanks to the many people who assisted with this research

project. Kent Howe of Lane County Land Management Division provided immeasurable

assistance and encouragement from the project's conception through to the end. Randy

Wildman of OSU Dept. of Fisheries and Wildlife offered valuable expertise to the

development of the assessment methodology. Gail McEwen and Patty Snow of Oregon

Dept. of Fish and Wildlife provided helpful ideas and information. Jeff Schenck of Lane

Council of Governments and Aileen Buckley of OSU Dept. of Geosciences got me the

GIS data I needed. Dennis White, Kevin Sahr, and the Terra Cognita Lab at OSU

provided me the UNIX workstation to manipulate all that GIS data. Debbie Johnson of

OSU Research Forests helped me get the equipment I needed for field work, and helped

me learn to use it. Yanbing Lu of OSU Dept. of Statistics helped me make sense of the

results of my field work. Thanks also go to the OSU Geography Program and the Richard

Highsmith Founder's Fellowship.

I thank Mary Barczak for countless discussions of ideas, numerous proofreadings,

and immeasurable support. I thank my family for their encouragement and support;

special thanks to Debbie Verret for meticulously proofing the paper.

Finally, I wish to thank Dr. James Pease for instilling in me the vision of planning

for a better world, and providing me the knowledge to be a part of that effort.



Table of Contents

FIGURES . ii

TABLES



Figures

Figure 1. Ecoregions and study areas in Lane County ............................................................... 14

Figure 2. Baseline and alteration ratings aggregated for all surveyed areas of Lane County ....... 19

Figure IV-!. Riparian element ratings by riparian type .............................................................. 57

Tables

Table 1. Wildlife Requirements Derived from Riparian Areas..................................................... 7
Table 2. Rural-Residential, Commercial, and Industrial Lands along Streams in Lane County, by

RiparianType.................................................................................................................... 15

Table 3. General Interpretation of Riparian Element Ratings .................................................... 17

Table 4. Areas of Concern for Riparian Elements within Each Riparian Type ........................... 22
Table 5. Suggested Standards for Riparian Land Use, by Riparian Type................................... 27

Table Il-i. Percent of Riparian Land in Four Land-Use Zoning Classes Relating to Riparian
Regulation, by Riparian Type............................................................................................. 43

Table 11-2. County Totals: Percent of Land in Four Land-Use Zoning Classes Relating to
RiparianRegulation ...........................................................................................................43

Table 111-1 through 111-3. Shade Rating Calculation Tables .................................................... 45
Table Ill-i. Shade targets based on elevation .........................................................................45
Table 111-2. Conversion of shade targets to numeric rating...................................................... 45
Table 111-3. Shade factor for stream orientation ....................................................................... 46
Table 111-4. Width Factor for Shade Rating.............................................................................46
Table 111-5 through 111-9. Large Woody Debris Rating Calculation Charts............................. 47
Table 111-5. Dominant Tree Species......................................................................................... 47
Table 111-6. Average Riparian Tree Size .................................................................................. 47
Table111-7. Stand Density ....................................................................................................... 47
Table 111-8 LWD Recruitment Potential Rating based on Dominant Tree Type, Size, and Density

(Conifer Dominant Region) ...............................................................................................48
Table 111-9. LWD Recruitment Potential Rating based on Dominant Tree Type, Size, and

Density (Hardwood Dominant Region) .............................................................................. 48
Table 111-10. Width Factor for LWD Rating............................................................................49
Table 111-11. Terrestrial Habitat Structure Rating Calculation Chart........................................ 50
Table 111-12. Sediment Control Calculation Chart.................................................................... 52
Table 111-13. Width Factor for Sediment Control Rating .......................................................... 53

Table 111-14. NPS Pollution Control Rating Calculation Chart................................................. 55
Table 111-15. Width Factor for NPS Pollution Control Rating .................................................. 55

II



Acronyms Used

DBH = diameter at breast height

EPA = U.S. Environmental Protection Agency

GIS = geographic information system

LCF (riparian type) = large streams, Cascade Foothills ecoregion

LCR (riparian type) = large streams, Coast Range ecoregion

LWD = large woody debris

LWP (riparian type) = large streams, Willamette Plains ecoregion

NPS pollution = nonpoint-source pollution

OFPA = Oregon Forest Practices Act

RRCI = rural-residential, commercial, industrial

SCF (riparian type) = small streams, Cascade Foothills ecoregion

SCRF (riparian type) = small streams, Coast Range Foothills ecoregion

ifi



AN ECOLOGICAL ASSESSMENT OF RIPARIAN LAND-USE REGULATION,

LANE COUNTY, OREGON

ABSTRACT: Riparian areas contribute to numerous ecological-maintenance functions and so are
often the focus of protection efforts by land and resource management agencies. The riparian
land-use regulations of one jurisdiciton, Lane County, Oregon, are assessed for effectiveness in
protecting ecological functions. Evaluation of the current condition of fiveelements of riparian
function (shade, large woody debris recruitment, vegetation structural complexity, sediment
control, and nonpoint-source pollution control) reveals poor current functional ability. Potential
future conditions show only marginally reduced functional ability. The conclusion is reached that
current and future conditions are below levels that would contribute to sustained ecological
function. Poor conditions are attributed to land-use activities prior to the time of the study, not to
inadequacies of the county regulations in controlling future riparian alteration. A program of
restoration is recommended. Detailed recommendations include an incentives approach in which
measurable standards of riparian condition are the criteria for awarding density bonuses, tax
credits, or other inducement. In addition, it is recommended that agricultural activites along
streams, currently unregulated, be included in the county riparian regulations.

Introduction

Riparian Areas in Ecolo2icaI Context

Riparian areas fulfill a crucial ecological role in the landscape. As the interface between

terrestrial and aquatic ecosystems, a riparian area supports many processes necessary for the

functioning of those ecosystems, and many elements of nature valued by humans. Recognition of

these functions and values has led to incorporation of riparian protection in land management

plans from the federal to the local level. At the federal level, for example, the new management

direction for federal lands on the west side of the Cascade Mountains builds a conservation



network with major emphasis on riparian corridor protection (Forest Ecosystem Management

Assessment Team 1993). An example at the local level is Lane County's riparian land-use

ordinance, which will be discussed in detail below.

Riparian ecology is complex. To simplify things, scientists and resource managers often

focus on individual "ecological functions" of a riparian area. Ecological functions can be defined

as discrete roles necessary for sustaining ecosystem operation within the range of natural

variability. Riparian areas contain numerous ecological functions relating to both terrestrial and

aquatic ecosystems, including: maintaining cool stream water, providing organic debris for the

in-stream food chain, providing large woody debris for diverse aquatic habitat, maintaining water

quality through detention of sediments and filtering out of pollutants, reducing the destructive

capacity of floods, providing thermal moderation, providing dense foliage for terrestrial animal

foraging, and providing the vegetation, soils and water for many species to feed, breed, nest, den,

or rest. These functions, in turn, provide things of value to humans, such as clean water, aesthetic

appreciation, recreation, hunting and fishing, reduced flood damage, reduced erosion, and the

knowledge of ecosystem integrity, to name a few. Because of the human values associated with

riparian areas, humans desire to live and have various facilities in or near riparian areas.

Unfortunately, human uses often impinge on the natural functioning of riparian areas. (For

general discussions of riparian functions and values, and human impacts on them, see Swanson et

al. 1982; Oakley et al. 1985; Gregory et al. 1991; Binford and Buchenau 1993; Forest Ecosystem

Management Assessment Team 1993.)

Lane County, Oregon, has developed a set of land-use regulations specific to riparian

areas in an attempt to balance human desires with riparian functions. The purpose of the research

described below was to assess the effectiveness of the Lane County riparian regulations in
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protecting ecological functions. To do this, I selected five elements which contribute to riparian

functions: shade, large woody debris, terrestrial habitat structure, sediment control, and

nonpoint-source pollution control. The following section will discuss these five elements and how

they contribute to ecological function. During the study, the status of each element was assessed

before and after a hypothetical development scenario. Results indicated that the current

functional ability of each element is low, and that future reductions in functional ability are likely

to be small. Riparian functions in different parts of Lane County are of particular concern for

differing reasons, and a performance-standard/incentive approach is suggested for mitigating these

problems.

Selected Riparian Elements and their Ecolo2ical Functions

Shade

Shade is essential for maintaining stream temperatures within ranges that native fauna,

particularly salmonid fishes, can tolerate. Sunlight striking the water is the primary factor

controlling stream temperature (Brown 1970). Thus, the amount of shade created by the riparian

canopy is fundamental to stream temperature. The amount of shade at a point depends on canopy

density, sun angle, stream width, orientation and flow (Brown 1983). From a general perspective,

the degree of shading provided by a riparian zone is largely a function of channel width relative to

canopy height (Gregory et al. 1991). On wide streams, the shading effect is greatly reduced. The

work of Sullivan et al. (1990) led to the conclusion that "riparian shade is unlikely to have a

significant influence on stream temperature where the natural low flow stream width exceeds 100

feet (33 m)" (Washington Forest Practices Board 1993).
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A continuous canopy can attenuate 80-90% of the incoming solar radiation (Steinbiums, et

al. 1984; Brown, 1983). Removal of vegetation through such practices as clearcut timber

harvesting has been shown to substantially increase summer stream temperatures' (Brown and

Krygier 1970; Feller 1981; Rishell etal. 1982; Hewlett and Fortson 1982; Hoitby 1988). The

cumulative effect of dispersed harvests on a basin scale can be an increase in downstream

temperatures (Beschta and Taylor 1988).

The complex effects of increased stream temperatures on stream biota are characterized by

increased food supply but also increased metabolic rate (and hence increased food demands).

Both in-stream primary production and invertebrate abundance are likely to increase with

increased temperatures; however, community shifts and decreased invertebrate body size may

result (Beschta et al. 1987; Rempel and Carter 1986). Both invertebrate and salmonid biomass

are generally greater in warmer streams (Beschta et al. 1987). However, fish are sensitive to

temperature and will seek out environments that suit their temperature preferences (Baltz et al.

1987; Berman and Quinn 1991). While it is rare for stream temperatures to exceed the lethal

threshold for native fish populations (even in clearcut streams), sublethal effects of elevated

temperatures can significantly influence fish. Warmer water temperatures make salmonids more

susceptible to disease and less able to compete with warm-water-tolerant species such as suckers

and minnows (Gregory and Ashkenas 1990). With warmer temperatures, a fish's food needs are

certain to increase. Food availability is likely to increase with warmer temperatures, but if

metabolic energy demands are not met fish will not grow (Beschta et al. 1987). Timing of fish

life-history events are often altered by temperature change, which can leave fish vulnerable to

conditions they are not adapted to (Hartman et al. 1987; Hoitby 1988). The ultimate impact of

temperature changes on fish populations is difficult to ascertain, but given that fish and other



aquatic life have evolved in relation to specific environmental conditions, substantial alteration of

those conditions would seem to be damaging (Beschta et al. 1987). The stream temperature

increases caused by clearcutting can be mitigated by an intact riparian strip 30-m (100-ft) wide,

which will generally provide shade comparable to an intact old-growth forest (Beschta et al.

1987).

Large Woody Debris

Large pieces of wood that fall into the stream and the riparian zone contribute to a number

of ecological functions, including in-stream habitat structure, sediment control/water quality,

aquatic food supply, and flood slowing. "The relative abundance or lack of [large woody debris]

has been directly linked to changes in fish populations" (Boechler and McAllister 1992, 21).

Large woody debris (LWD) plays a crucial role in the formation of stream habitat

amenable to sa!monid fishes, especially in smaller streams. LWD in its varied shapes and sizes

comes to rest in various parts of the stream channel at various angles. This creates diverse

interactions between the wood and the streamfiow. The result is a stream morphology much

more complex than would occur without LWD, and this diversity of habitat allows a greater

diversity of organisms. For example, LWD can help form most of the pools in a stream (Andrus

et al 1986, cited in Boechier and McAllister 1992). Pools and slackwaters provide areas for rest

and feeding, especially for juveniles (Bisson et al. 1987), and pool abundance is linked to fish

abundance.

By obstructing water flow, LWD causes localized decreases in hydraulic competence.

The result can be substantial storage of sediment. Much of the storage capacity associated with

LWD may be unfilled much of the time, acting as a buffer against downstream sedimentation

impacts when a large sediment pulse enters the stream (Swanson et al. 1982). Thus, the sediment
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storage capacity upstream protects spawning gravels, rearing pools, and invertebrate populations

downstream (Bisson et al. 1987), as well as general water quality. Sediment accumulations

behind LWD can also provide suitable spawning habitat for salmonids (Everest and Meehan 1981,

cited in Bisson et al. 1987).

In addition to storing inorganic sediments, LWD slows the downstream movement of

particulate organic material (Gregory et al. 1991). This allows more time for microbial

colonization and invertebrate consumption of the organic matter, effectively increasing the aquatic

food supply. Additionally, some types of invertebrates feed directly off pieces of wood (Swanson

et al. 1982).

LWD reduces sediment input from adjacent uplands. Pieces of wood along streambanks

dissipate stream energy and physically protect banks from erosion by streamfiow (Swanson et al.

1982). LWD on hillslopes above the stream can trap sediment and keep eroded material from

even reaching the stream.

Larger pieces, relative to the size of the stream, are generally more stable and take longer

to decompose than smaller pieces. Conifer LWD is usually considered superior to broadleaf

LWD, due to the larger size and slower decomposition rates of conifer wood. Broadleaf wood in

streams can decay completely in 20-50 years, while conifer wood can last 100 years or longer (S.

Gregory, Oregon State Univ., pers. comm.). However, once trees are removed from the riparian

zone it can take over 200 years for the process of LWD recruitment to return to original levels

(Gregory and Ashkenas 1990).
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Terrestrwl Habitat Structure

Of 414 wildlife species2 found in western Oregon and Washington, 359 (87%) use riparian

zones or wetlands during some season or during some portion of their life history (Oaldey et al.

1985). "Riparian zones are of paramount concern as wildlife habitat" because so many wildlife

requirements are met in these areas: water, cover and food are generally abundant; there is a

greater diversity of plant composition and structure than in upland areas; extreme temperatures

are moderated; and riparian zones are natural travel corridors (Oakley et al. 1985, 64). The

wildlife types most dependent on riparian areas are described in Table 1. Riparian wildlife tend to

be a combination of specialists that require certain riparian elements, such as water or succulent

plants, and generalists that are also found in upland habitats. With many types of wildlife,

especially birds, the number of species found in riparian areas is related to how distinct the

Table 1. Wildlife Requirements Derived from Riparian Areas.

Wildlife Type Important Riparian Characteristics Uses
Amphibians moist environment; moderate foraging; breeding; cover

temperatures; water
Birds contrast with upland habitat; water; feeding; breeding; nesting;

structural components (trees, snags, perching
shrubs)

Small water; moist, organic-matter rich soils; feeding; burrowing; breeding;
Mammals mesic environment; distinctive plants and cover

their associated fauna; vegetation density
and structural diversity; edge

Bats insect populations; water; structural feeding; drinking; roosting
diversity

Carnivores associated fauna; berries & fruits; down feeding; resting; roosting; and
woody debris; dense vegetation; denning; movement corridors

Ungulates water; dense and diverse vegetation; drinking; feeding; resting; thermal
mesic enviromnent cover; escape/hiding cover;

movement corridors

(compiled from O'Connell et al. 1993, and Boechier and McAllister 1992)
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conditions in the riparian area are compared to conditions in the uplands (McGarigal and

McComb 1992; O'Connell et al. 1993).

Whether the focus is on corridors for foraging, reproduction, shelter, or movement, two

central characteristics of good riparian wildlife habitat are vegetation density and structural

complexity or diversity (O'Connell et al. 1993; Boechier and McAllister 1992; Gregory and

Ashkenas 1990; Oakley et al. 1985). "The variety of wildlife habitats is typically the greatest in

structurally diverse riparian habitats" (O'Connell et al. 1993, 13). The stratification or structure

of vegetation (vertical and horizontal) controls habitat diversity (Oakley et al. 1985). Vegetation

density is also important for wildlife habitat in terms of thermal cover and microclimate, hiding

and resting cover, nesting and fawning cover, and food (Oakley et al. 1985; Gregory and

Ashkenas 1990). Diverse structure and dense vegetation will not meet the needs of every wildlife

species; however, the combination of these two factors appears to be a good indicator of the

wildlife habitat value of a particular riparian area.

Sediment Control

Sediment delivery to streams is a natural phenomenon. However, in many areas human

activities have elevated sediment delivery far above natural levels. High levels of sedimentation in

streams can have serious adverse effects on stream ecosystems, including reduced survival of fish

eggs, disrupted social and feeding behavior in fish, reduced primary production, reduced benthic

invertebrate abundance, and loss of pool habitat (Forest Ecosystem Management Assessment

Team 1993). In addition, materials incorporated into or adhered on soil sediments can contribute

to declining water quality. For example, organic matter can lead to reduction in the stream's

dissolved oxygen content. Other pollutants often transported by sediments include excess



nutrients, especially phosphorus (Vought et al. 1994), heavy metals, radionuclides, and organic

pollutants (Hemond and Benoit 1988).

Riparian vegetation can reduce sedimentation effects through several mechanisms. First,

vegetation on streambanks and uplands reduces initial soil-particle displacement: plant foliage

intercepts raindrops, while plant roots increase soil infiltration rates (Vought et al. 1994) and hold

soil in place (Sullivan et al. 1987; Karr and Schiosser 1978, cited in Lowrance et al. 1985).

Second, plant stems and foliage increase hydraulic roughness, which reduces the velocity and

hence erosive capacity of overland flow (Lowrance et al. 1985; Meyer and Wischmeier 1969,

cited in Vought et al. 1994). Third, sediment in streams is trapped or induced to settle out by

LWD (Sullivan et al. 1987). And fourth, the typically sediment-laden floodwaters that spill out

onto the floodplain are slowed and filtered by streamside vegetation (again, by means of increased

hydraulic roughness; Hickin 1984). These mechanisms contribute to higher overall water quality.

However, Omernik et al. (1981) show that riparian forest intervening between agriculture and the

stream may not reduce long-term stream nutrient levels, due to leaching of nutrients into the

subsurface flow.

Nonpoint-Source Pollution Control
Oregon has over 160,900 km (100,000 miles) of rivers and streams. An assessment of

44,600 of those kilometers revealed approximately 24,800 km (56%) severely or moderately

impacted by nonpoint-source (NPS) pollution (Edwards et al. 1992, cited in Forest Ecosystem

Management Assessment Team 1993). Riparian vegetation can have a significant effect on the

amount of NPS pollution reaching a stream. For instance, a review of nine studies found that

forested riparian buffers can reduce by 40-100% the level of nitrate reaching the stream (Osborne

and Kovacic 1993).



There are three main ways in which riparian zones inhibit delivery of nutrients and other

pollutants: 1) sedimentation in the riparian zone; 2) microorganism-mediated processes in riparian

soils (e.g. denitrification); 3) uptake by riparian vegetation. Sedimentation was discussed above.

Microbial processes include breakdown of organic matter, denitnfication, and degradation of

organic pollutants such as halomethanes and dichlorobenzene. Organic-matter breakdown occurs

as part of aerobic bacterial respiration. The other two processes require anaerobic soil conditions

and, for denitrification, soils high in organic matter. Riparian soils are typically suited to one or

more of these processes (Hemond and Benoit 1988; Vought et al. 1994). Riparian vegetation

also affects NPS pollution by taking up pollutants from subsurface water. The rate of uptake

relates to the rapidity of plant growth: "early successional vegetation will absorb more nutrients

than mature forests" (Binford and Buchenau 1993). In addition, pollutants incorporated into

plant tissues can be re-mobilized when the plant dies (Lowrance et al. 1985), although nutrients in

the form of organic debris may be less likely than unincorporated nutrients to lead to

eutrophication (Binford and Buchenau 1993). Several authors suggest periodic removal of

maturing vegetation in order to keep uptake levels optimal and reduce re-mobilization (Osborne

and Kovacic 1993; Binford and Buchenau 1993; Vitousek and Reiners 1975, cited in Lowrance et

al. 1985).

In the Pacific Northwest, mountain streams often have shallow bedrock which forces more

of the subsurface flow to pass through the rooting zone of riparian vegetation. Additionally,

because of the more mesic conditions near the stream, riparian vegetation can experience

"seasonally prolonged metabolic activity. Longer periods of growth increase the potential for

retention of nutrients from groundwater" (Swanson et al. 1982).
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Lane County Riparian Land-Use Regulations

Lane County covers 11,940 km2 (4610 mi2) stretching from the Pacific Ocean, across the

Coast Range, through the Willamette Valley, and up to the crest of the Cascade Range. The Lane

County Land Management Division has developed a set of regulations for land use along the

many and varied streams of the county (for the full ordinance, see Appendix I). Land uses are

divided into two classes: resource uses (forestry, agriculture, natural resources, marginal lands,

parks and recreation, quarrying and mining, destination resort); and non-resource uses (rural

residential, commercial, industrial, public facilities). On resource lands, a 30.5-rn (100-ft) setback

from Class I streams3 is required for development activities; on non-resource lands, the setback is

15.2 m (50 ft). Beyond that setback, vegetation can be altered as the landowner desires. Within

the setback, a landowner may remove vegetation from up to 25% of the stream frontage of his or

her lot. For example, on a lot with 100 m of stream frontage, the landowner could clear a swath

of vegetation 25 m wide from the stream through the setback. The regulations include provisions

for granting variances (referred to as 'modifications'), as well as enforcement mechanisms

(including fines and restoration requirements).

There are some important exceptions to these regulations. First, normal agricultural

practices are exempt.4 Second, private forestry uses along streams are regulated by the Oregon

Forest Practices Act (OFPA). Therefore, on lands zoned for forestry or agriculture, Lane

County's riparian regulations apply only to the development of dwellings and not to farming or

timber-harvesting activities.

Lane County's riparian regulations were designed with both ecological protection and

political feasibility in mind. Their passage into law is evidence of the regulations' political
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feasibility. However, their efficacy as ecological protection measures has not been previously

studied.

Methods

Objectives

The purpose of this study was to assess the effectiveness of the Lane County riparian

regulations in protecting functions related to fish habitat, water quality, and wildlife habitat. The

research focused on non-resource lands (residential, commercial, industrial, public facilities) for

two reasons. First, the regulations were targeted to this type of land use5 (K. Howe, Lane County

Land Management Division, pers. comm.), and second, the two types of land which occur more

extensively, forestry and agriculture, are not directly regulated by the Lane County regulations, as

discussed above. The specific objectives of this study were to:

1. Determine to what extent each of several riparian functions would be impaired (if at

all) under a scenario of the typical alteration/development that would be allowed under

the riparian regulations.

2. Determine the relative effectiveness of the regulations across the range of riparian

conditions in Lane County.

3. Relate the pattern of impaired and protected riparian functions to the pattern of land

use to assess likely impacts.

4. Evaluate the potential use of performance standards for riparian land use, specific to

each type of riparian area.
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My approach to meeting these objectives was to group streams in the county based on

ecologically pertinent criteria, select the most relevant of these groups (i.e. those with the most

rural-residential and other non-resource zonings), conduct field surveys to establish baseline

conditions, apply a scenario of vegetation removal, and analyze the results.

GIS

My initial undertaking was a geographic information system (GIS) analysis to determine

how various parts of the county differed in terms of land-use zoning within the riparian area. This

information allowed me to focus the field portion of my study on areas of the county where the

regulations would have high impact--i.e. where there was substantial residential and similarly

regulated land uses. In addition, the information was important in assessing the overall level of

protection for riparian lands within an area, since the zoning composition of an area defines its

protection status.

To differentiate riparian areas throughout the county, I developed a typology based on

stream order and ecoregions. The resulting 12 categories or "riparian types" in Lane County are

listed in Table 2. To create the typology, I first divided the county into ecoregions, as developed

by the U.S. Environmental Protection Agency (EPA) (Omernik and Gallant 1986; Thiele et al.

1992). Figure 1 shows the ecoregions in Lane County. Ecoregions are large land areas "of

relative homogeneity in ecological systems or in relationships between organisms and their

environments" (Omernik and Gallant 1986, 1). Ecoregions are determined by an aggregate of

factors (including climate, soils, geology, vegetation and physiography) designed to "spatially
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Figure 1. Ecoregions and study areas in Lane County.
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Table 2. Rural-Residential, Commercial, and Industrial Lands along Streams in Lane County,
by Riparian Type.

Stream
Order

Percent
RRCI

Area in RRCI (1000m2) Study SitesEcoregion

Coastal 1-3 4 433
>3 15 123

Coast Range 1-3 1 1053

>3 20 917 5

Coast Range Foothills 1-3 10 2954 6

>3 15 215

Willamette Valley 1-3 8 2984

>3 14 2778 5

Cascades Foothills 1-3 15 1590 6

>3 29 2519 4

Western Cascades 1-3 2 2484
>3 14 5826

[organize] water resources by the natural phenomena that contribute most to water quality"

(Clarke et al. 1991). Whittier et al. (1988) studied the degree of differentiation of a number of

stream ecosystem characteristics6 and concluded that EPA ecoregions are well-designed to

capture similar streams and emphasize differences with other streams.

Within ecoregions, I divided streams into two size categories (fourth order

and larger, and third order and smaller), using stream order as defined by Strahier (1957) as a

surrogate for actual width or flow.7 "Stream order is valuable as a classification system because it

unifies and relates many important physical and biological functions within a drainage system"

(Boechier and McAllister 1992,4). Studies in Cascade and Coast Range streams have shown

stream order to be related to several physical characteristics important to fish, such as stream

gradient, riffle percentage, pooi percentage, and the amount of spawning gravel (Boehne and

House 1983, cited in Boechier and McAllister 1992). In general, riparian elements such as shade,
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litter recruitment, and LWD exhibit a gradation or "continuum" of changing characteristics from

small to large streams (Vannote et al. 1980; Gregory and Ashkenas 1990). Despite the lack of a

distinct break in these changing characteristics, the size categories I chose capture the major

differences between large and small streams.

Using the Arc/Info GIS program on a Unix workstation, I compiled a database from the

Lane County zoning map (obtained from Lane Council of Governments in digital format), the

U.S. Geological Survey digital stream network, and the digital EPA ecoregion map. In the GIS, I

created a buffer 30.5 m (100 ft) wide on either side of the stream9, and then overlayed the

ecoregion map and the zoning map. I then calculated, for each of the twelve riparian types, the

land area in each zoning class within the stream buffer. The percentage of riparian land zoned

rural-residential, commercial or industrial (referred to as RRCI in this paper) in each riparian type

is presented in Table 2. Complete results of the GIS analysis are presented in Appendix II. I used

these data in selecting riparian types for field study. The size of Lane County precluded field

surveys of all 12 riparian types. Therefore, I selected five of the riparian types, considering both

percentage zoned RRCI and total area zoned RRCI. Also, later in the project I used the GIS data

in assessing field results and making recommendations. Once I had determined the effective level

of protection on RRCI lands within a riparian type, I analyzed the zoning composition of the area-

-assuming forest lands to be adequately protected under the OFPA and agricultural lands to be

inadequately protected due to the exemption of farm practices from riparian regulation--and drew

conclusions about the overall level of protection within the riparian type.
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Field Survey

To assess current riparian conditions, I developed an assessment method based on the five

riparian elements discussed above: shade, large woody debris (LWD) recruitment, terrestrial

habitat structure, sediment control, and nonpoint-source (NPS) pollution uptake. I made use of

existing methods whenever they were available in the literature, adapting them for my specific

needs. For three of the five elements, however, I developed my own rating system based on

factors established in the scientific literature as most important in controlling the functional ability

of the element. The assessment method is described in full in Appendix III. The ratings were

designed to reflect the ability of the measured riparian element to contribute to a level of

ecological functioning which, over the long term, remains within the range of natural variability.

I rated each riparian element based on field measurements and visual estimates, using the

tables in Appendix III. Ratings were determined for 61-rn (200-ft) sections of stream frontage.

For four of the five functions evaluated, width of the riparian buffer was factored into the rating

as a separate step, due to the non-linear relationship between functional ability and riparian

width.'° The resulting baseline ratings gauge the level of function likely under the current

conditions of the riparian area (see Table 3).

Table 3. General Interpretation of Riparian Element Ratings.

Rating Interpretation
3.5 - 4.0 optimal conditions
2.5 - 3.4 minimum conditions presumed necessary to maintain a natural level of ecological

functioning or quality over the long term (i.e. sustainable functioning)
1.5 - 2.4 below minimums presumed necessary to maintain functioning or quality over the

long term
0.5 - 1.4 far below necessary minimums
0.0 - 0.4 negligible functional ability
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Scenario/Analysis

To assess potential change under Lane County's regulations I calculated "alteration"

ratings to reflect conditions if vegetation were removed to the extent allowed from all the

streamfront lots I surveyed. I compared these alteration ratings with the baseline ratings to show

the potential change in riparian function. I also compared the baseline and alteration ratings for

each riparian type with ratings for the other riparian types.

Results and Discussion

The results of my analysis are divided into two sections. The first focuses on the overall

results; the second goes into detail about each riparian type and compares the various riparian

types. Within each section, I detail the results of both the baseline analysis and the vegetation

removal scenario.

Riparian Types Aggregated

For the parts of the county I surveyed, all five riparian elements had baseline and alteration

ratings "below minimum levels presumed necessary to maintain natural levels of ecological

functioning or quality over the long term" (see Figure 2). To test the null hypothesis of no change

between baseline and alteration ratings, I used a paired t-analysis and assessed a one-sided p-value

at a confidence level of 95%. The t-test was paired because each "alteration" observation is

dependent on the "baseline" observation associated with it. The test was one-sided because I was

only interested in the size of the decrease in rating. An increase in rating was not physically

possible. Although the method used for selecting study sites within riparian types was not purely

random, it was haphazard enough to approximate the representative nature of a random sampling
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method. In sum, this statistical analysis allowed inferences to be made to the larger population of

riparian lands in the riparian types included in my field study. Direct inferences could not be

drawn to riparian types that were not included in the field study. However, my results should be

indicative of conditions throughout Lane County, since the five riparian types I studied contain

almost half of the riparian RRCI lands in the county and are a cross-section of environmental

conditions in the twelve possible riparian types.

Of the riparian elements, shade had the highest baseline rating (2.22), but also experienced

the largest decrease (0.57). This represents a sizable decrease and is statistically significant (one-

sided p-value = 0.00002, sample size = 53). This means there is conclusive evidence that

vegetation removal would cause a decrease in the shade rating throughout the larger population

of all riparian RRCI land in the five riparian types. The decreases in the other four ratings were

smaller, but also statistically significant. With sample sizes of 71 each, the one-sided p-values



were: 0.00005 for LWD; 0.000008 for NPS pollution control; 0.000006 for both terrestrial

habitat structure and sediment control.

The overall analysis indicates that riparian elements are in poor condition on RRCI lands.

Current shading is close to being adequate to maintain desirable stream temperatures over the

long term, but none of the other functions come close to meeting sustainable minimum conditions,

referring to the ratings interpretation in Table 3. The alteration rating for habitat structure (1.44)

is far below the sustainable minimums.

Hypothetical vegetation removal causes relatively small declines in functional ratings,

ranging from 9% for LWD to 18% for habitat structure. Shade is somewhat of an exception, in

that its alteration rating indicates a 26% drop in functional rating. The rating decreases are

generally small because extensive vegetation removal has already occurred on RRCI lands. On

about 87% of the streamfront parcels I surveyed, further vegetation removal is precluded because

previous removal has reached or exceeded the 25% allowance. Thus, while the riparian elements

experienced statistically significant declines, the practical significance of the change seems small.

By way of comparison, if no riparian regulations were in place, functional ratings could

theoretically drop to zero. In sum, Lane County's riparian regulations will allow only a small

decrease in riparian functional ability.

The low baseline ratings are a cause for concern; however, even if riparian RRCI lands

throughout all of Lane County are in a comparable condition, they represent only a small portion

of the watershed. In the county as a whole, RRCI lands make up about 6% of streamfront land,

while forestry and agriculture comprise 75% and 16%, respectively. The importance of RRCI

land comes in those riparian types in which RRCI lands are substantial.
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Analysis by Riparian Type

Analysis of individual riparian types amplifies the findings made in the aggregated analysis

above: low initial conditions, rather than potential future decreases, appear to be the source of

most problematic ratings. Table 4 details the areas of concern. Shade was omitted from the

analysis for three riparian types due to small sample sizes. Of the remaining 22 riparian elements

within riparian types, 21 showed cause for concern. In five cases, large decreases in rating were

attributable to the vegetation-removal scenario. However, in 19 instances, the baseline ratings

were "below minimum levels presumed necessary to maintain ecological functioning or quality

over the long term" (referring to the categories in Table 3). Five of these were "far below" the

minimum levels. In only two instances shade on small Coast Range Foothills streams, and

LWD on large Willamette Plains streams did the alteration rating remain above sustainable

minimums.

Sustained riparian function on all five riparian types appears in jeopardy. In two riparian

types this is due to very low ratings on RRCI lands. Large streams in the Coast Range (LCR

riparian type) had baseline ratings far below sustainable minimums." Hypothetical vegetation

removal caused small decreases in ratings. There was not conclusive evidence that the difference

between baseline and alteration ratings could be inferred to the larger population (one-sided p-

values = 0.03,0.06, 0.05, and 0.08 for LWD, habitat, sediment, and NPS pollution; sample sizes

= 16). This indicates that current conditions in this riparian type are very poor, and future

development, as regulated by Lane County, will have minimal impact. RRCI lands are

approximately 20% of all riparian lands in this riparian type, while forestry lands comprise 78%.

Assuming the OFPA adequately protects riparian functions, one-fifth of the riparian lands in the

LCR riparian type will likely have substantially impaired riparian function.
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Table 4. Areas of Concern for Riparian Elements within Each Riparian Type.
(Bold face indicates areas of particular concern.)

Large Streams,
Coast Range
Ecoregion
(LCR)

(Shade)
___________________
(not included in analysis)

LWD Baseline rating far below necessary minimums
Habitat Baseline rating far below necessary minimums
Sediment Control Baseline rating far below necessary minimums
NPS Pollution
Uptake

Baseline rating far below necessary minimums

Small Streams,
Coast Range
Foothills
Ecoregion
(SCRF)

Shade Large decrease
LWD Baseline rating below necessary minimums
Habitat Baseline rating below necessary minimums;

large decrease
Sediment Control Baseline rating below necessary minimums;

large decrease
NPS Pollution
Uptake

Baseline rating below necessary minimums;
large decrease;
drops to far below necessary minimums

Large Streams,
Willamette Plains
Ecoregion
(LWP)

(Shade) (not included in analysis)
LWD **not problematic**

Habitat Baseline rating below necessary minimums
Sediment Control Baseline rating below necessary minimums
NPS Pollution Uptake Baseline rating below necessary minimums

Large Streams,
Cascade Foothills
Ecoregion
(LCF)

(Shade) (not included in analysis)
LWD Baseline rating below necessary minimums
Habitat Baseline rating below necessary minimums
Sediment Control Baseline rating below necessary minimums
NPS Pollution Uptake Baseline rating below necessary minimums

Small Streams,
Cascade Foothills
Ecoregion
(SCF)

Shade Drops to below necessary minimums;
large decrease

LWD Baseline rating below necessary minimums;
drops to far below necessary minimums

Habitat Baseline rating below necessary minimums
Sediment Control Baseline rating below necessary minimums
NPS Pollution Uptake Baseline rating below necessary minimums

On small streams in the Coast Range foothills (SCRF riparian type), baseline ratings were

low for four of the five elements analyzed. In addition, the vegetation removal scenario caused

substantial decreases in four of the ratings. The evidence strongly supports inferring to the larger
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population a difference between baseline and alteration ratings (one-sided p-values = 0.006,

0.0 16, 0.004, 0.006, 0.011; sample size 13). This combination of low baseline ratings

compounded by large potential decreases under the riparian regulations is troubling, because it

shows that an already-impacted area could receive substantial additional degradation under the

regulations. In the SCRF riparian type, RRCI lands are 9.5% of riparian lands (although their

area! extent is three times that of RRCI lands in the LCR riparian type). Over 60% of SCRF

riparian lands are regulated by the OFPA, but another 27% are agriculture and are not regulated.

Combining the unregulated agriculture lands and the problematic RRCI lands, riparian functions

appear inadequately protected on about 37% of SCRF riparian lands.

For the other three riparian types, baseline and alteration ratings were generally below

sustainable minimums--though not as low as those in the LCR riparian type. In these three areas,

the cause for concern stems from the proportion of the watershed left vulnerable to riparian

function degradation. In the large streams, Cascade Foothills (LCF) riparian type, all four riparian

elements assessed had baseline ratings below sustainable minimums. With 29% of LCF riparian

lands in RRCI zoning, and another 56% in agriculture, 85% of LCF riparian areas appear to be

inadequately protected. Small streams in the Cascade foothills (SCF riparian type) are in a

similar, though less severe, situation. Low initial conditions on RRCI lands (14.5% of riparian

lands), combined with agricultural lands (36%), make over 50% of SCF riparian lands problematic

for sustained riparian functioning. The same pattern is true for the large streams, Willamette

Plains (LWP) riparian type, with riparian functions left vulnerable on almost 70% of riparian

lands.
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Other Considerations

In addition to the riparian elements studied above, several aspects of riparian land use in

Lane County are of concern, from an ecological perspective. One concern, raised by biologists at

the Oregon Department of Fish and Wildlife, is that too many landowners are granted variances

(or "modifications") from the Lane County riparian regulations. The concern is that these

modifications, though small individually, are having a significant cumulative effect on riparian

functions (Jeff Ziller, Oregon Dept. of Fish and Wildlife, pers. comm.).

Another concern is that by allowing landowners to construct fences within the riparian

setback, habitat connectivity is substantially reduced. The utility of a riparian area as habitat and

movement corridor for wildlife is dependent on the size and connectivity of the corridor. For

many animals, a fence divides habitat as effectively as devegetated land does.

Third, there is no protection for large woody debris that is on the ground in the riparian

area instead of in the stream. This wood may be more important than standing trees, in terms of

LWD recruitment to the stream channel (Randy Wildman, Oregon State Univ., Dept. of Fisheries

and Wildlife, pers. comm.).

Fourth, in conducting my riparian surveys, I found all manner of materials disposed in the

stream, from lawn trimmings to scrap metal to car batteries. Sediment control and nonpoint-

source pollution control by the riparian zone are rendered useless if major pollutants are

transported by humans across the riparian zone and deposited into the stream.

Recommendations

Riparian functions on land under Lane County's jurisdiction appear to be inadequately

protected for long-term maintenance of the ecosystem. The vegetation removal allowances of
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Lane County's riparian land use regulations do appear to be the main cause of this situation.

In areas I studied, in most cases, the current riparian conditions are insufficient to sustain long-

term functioning. The effects of further vegetation removal as allowed by the County regulations

would generally aggravate the situation, but in most cases in only a marginal way. With no

county land-use regulation, the riparian areas would be subject to huge potential decreases in

functional ability. In sum, the concern for riparian lands in Lane County stems not from their level

of protection but from their current condition.

Typically land-use regulations, at most, limit the reduction of a resource; they usually do

not mandate replenishment. However, for sustained riparian functioning in Lane County, there

will need to be augmentation of existing riparian vegetation or of riparian functions directly.

Therefore, what is needed is probably not a further tightening of vegetation removal or setback

regulations on RRCI lands, but a program of restoration on impacted lands of all land use types.

Some approaches to restoration on private lands are: incentives for landowners to undertake these

efforts; direct government expenditure; volunteer effort; performance standards. Stream channel

restoration efforts can be undertaken by government or volunteer organizations, but, given

current laws, streambank restoration requires landowner permission. Through cooperative efforts

in which landowners are involved in the restoration efforts or at least recognize the benefits of

such efforts, riparian restoration could make a positive impact on ecological functions. In Lane

County, there is great opportunity for groups such as the McKenzie Watershed Council to

facilitate restoration, by amassing the funds, involving landowners or at least obtaining their

permission, enlisting the expertise, and mobilizing the volunteers and professionals to carry out

the widespread restoration work needed to return riparian functions to sustainable levels. Much

has been written on the specifics of stream and riparian restoration; therefore, I will focus here on
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the potential for using performance standards to encourage restoration and low-impact future

development.

Performance standards represent a regulatory approach in which the impacts of land uses,

instead of the uses themselves, are regulated. Measurable criteria are established for variables of

concern, and the "performance" of a land use is gauged against those criteria. Addition of the

following performance standards and other requirements to the current Lane County riparian

land-use regulations would improve the long-term functional ability of riparian zones. These

standards could be used to regulate new actions and development on riparian lots. They could

also be used as targets for an incentives program, whereby landowners would be encouraged to

restore previously impacted riparian conditions. For example, points could be assigned to each of

the standards, and a landowner achieving a certain number of points could receive variance from

certain other regulations (such as building density or minimum lot size), property tax reduction, or

some other incentive.

Allow 10% or less impervious surface (including decks, walkways, driveways) within the

setback.

Require downed woody debris and snags to be left, unless they pose a safety hazard.

Prohibit the erection of fences or other obstacles to wildlife within 9 m (30 ft) of the stream.

Encourage trimming of shrubs and tree limbs as an alternative to shrub, tree, and herb removal

(e.g., when a landowner wants a view of the river, or a path to the water's edge, trimming

rather than plant removal may be all that is needed).

Educate landowners on why these additional regulations are important, and steps they can

take to assist riparian functioning (such as not dumping materials into the stream).



Allow removal of vegetation within setback zone such that the following requirements are

met:

Maintain >40% cover of shrubs and >40% cover of herbs. Increase both to 60% on

slopes >10%, 75% on slopes >20%.

At no place should there be a direct route for runoff to reach the stream without

encountering ten feet of dense vegetation (shrubs, unmowed grasses o.k.).

meet the standards in Table 5, below.

Table 5. Suggested Standards for Riparian Land Use, by Riparian Type.

Riparian Shade LWD
Type__________________________
LCR Standard 1: Standard A:

Maintain a shade rating of 3. Maintain >25% canopy of conifer trees.
(Refers to the rating system used in this Maintain >50% total tree canopy cover,
study -- see Appendix III.) with >25% of the trees >16" DBH
Streams >100 low-flow width -- (diameter at breast height). If insufficient
maintain rating of 2. trees >16" exist, retain all trees >8"

DBH.
SCRF Standard 2: Standard A.

Maintain shade rating of 3.5
(higher rating because of importance of
small streams in controlling stream
temperature throughout the watershed)

LWP Standard 1. Standard B:
Maintain >75% total tree canopy cover,
with >25% of the trees >16" DBH
(Higher importance because of large
amount of agricultural land in riparian
type)

LCF Standard 1. Standard C:
Standard A, except maintain >75% total
tree canopy cover.

SCF Standard 2. Standard C.

Note: "Trees" defined as > 6 m (20 ft. tall); "shrubs" defined as tall shrubs and low trees, 1.2-6
m (4-20) ft tall; "herbs" defined as low shrubs and herbs < 1.2 m (4 ft) tall.
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Restoration efforts should be targeted based on a county-wide riparian assessment. For

example, from my assessment of five riparian types, large streams in the Coast Range are in

greatest need of restoration. The performance standards listed above can be altered to reflect

specific conditions. For example, a water-quality problem in a watershed could lead to higher

vegetation density requirements in that watershed.

Two additional measures should be added to the Lane County riparian regulations:

Extend regulation to agricultural lands (admittedly a politically difficult proposition).

Tighten the requirements for the granting of modifications.

Conclusion

Riparian functions on rural-residential, commercial, and industrial lands in Lane County

are in poor condition. This is the result of vegetation removal that apparently occurred before the

Lane County riparian regulations were enacted. These regulations will probably not allow

substantial deterioration of riparian areas. However, neither will the regulations assure long-term

riparian functioning; that will require restoration, since existing conditions are already below

expected sustainable minimums. In addition, sustained riparian function at the watershed scale

will require protection of riparian areas on agricultural land. Without protection (and restoration)

of these areas, a large gap will persist in efforts at ecosystem management. Riparian areas will

provide, free of charge, the numerous environmental services, ecological functions, and social

values described in this paper but only if the land-water interface is allowed to function in a

natural manner.



Notes

For example, a Coast Range clearcut increased the average maximum temperature for the month
of July by 7.8°C (14°F).

2These numbers do not include fish species.

3Class I streams, which are designated by the Oregon Department of Forestry, are defined as
"waters which are valuable for domestic use, are important for angling or other recreation , and/or
used by significant numbers of fish for spawning, rearing, or migration routes" (Oregon Forest
Practices Act FPA Rule 629-24-101). The Department of Forestry no longer uses this
classification system.

' Local jurisdictions "cannot unreasonably restrict accepted farming practices" (ORS 2 15.253).
This has generally been interpreted as prohibiting regulations such as Lane County's riparian rules
from being applied to agricultural land. However, regulations such as restrictions on clearing
riparian vegetation to bring new land into agricultural production might not be an "unreasonable
restriction" of farm practices (Ron Eber, Deptartment of Land Conservation and Development,
pers. comm.).

5The main concern leading to these regulations was residential development along streams, in
which multi-storied native vegetation was cleared for access to, and views of, the stream.

6including fish assemblages, macroinvertebrate assemblages, periphyton assemblages, a battery of
water quality analyses, and physical in-stream habitat characteristics.

7Stream order is determined as follows: perennial headwater streams are first order; the junction
of two first order streams create a second order stream; the junction of two second order streams
make a third order stream; and so on.

8For example, the shade function of a riparian area is negligible on streams wider than 100 ft.
(which corresponds to a stream of approximately order 5 or 6) (Washington Forest Practices
Board 1994). Streams of order <3 have a food base derived predominately from terrestrial debris;
streams of order >4 have a food base derived mostly from instrearn primary production and
detrital inputs from upstream (Swanson et al. 1982; R.Wildman, OSU, pers. comm.). The size of
a piece of LWD relative to stream size helps determine the stability of the piece and its ability to
influence flow and channel structure. The larger the stream, the fewer LWD pieces will be big
enough to play a stable role.

9Streams in the USGS digital stream network are represented a single line (with no width), while
on some large rivers the zoning map leaves an unzoned area to represent the width of the stream.
Therefore, for a few streams, a 30.5-m (100-ft) buffer generated from digital stream line failed to
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reach the zoned land. In these cases I generated a 100-rn (328-ft) buffer. The amount of land
area captured along these large streams was similar to that captured by the 30.5-rn buffer along
the other streams.

'°That is, the first 10 ft of a riparian buffer provide more shade and LWD recruitment than the
second 10 ft. Likewise, a 20-ft buffer strip will usually not take up twice as much non-point
source pollution as a 10-ft strip.

'1The LCR riparian type had the lowest baseline ratings in four of the riparian elements.
However, establishing for baseline ratings a statistical level of difference among the five riparian
types was prohibitively difficult because of the nature of a 0-4 rating system. Determining among
the riparian types a statistical difference in the amount of change following the vegetation removal
scenario was even more problematic, because the amount of change gravitated toward zero.
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Appendix I Lane County Riparian Land-Use Regulations

16.253(1) Lane Coea 16.253(2)

CLASS I STREAM R1PAP1A REGULATIONS

RURAL COMPREHENSIVE PLAN

16.253 Class Stream Riparian Reoulations.
(1) Purpose. The purpose of the Class l Stream Riparian

Regulations is to implement the Goal 5 Flora and Fauna policies and
the Goal 6 Water Resources policies of the Lane County Rural
Comprehensive Plan.

(2) Removal of Vegetation Within the Riparian Setback
Area. The following standards shall apply to the maintenance,
removal, destruction and replacement of indigenous vegetation within
the riparian setback area along Class I streams designated for
riparian vegetation protection by the Rural Comprehensive Plan. For
purposes of IC 16.253(2)(b)(i) and (iii) below, Resource Zones shall
be: LC 16.210 (F-i); LC 16.211 (F-2); IC 16.212 (EFtJ); LC 16.213
(t'4R); [C 16.214 (ML); IC 16.215 (PR); LC 16.216 (QM); IC 16.227
(IWC); and IC 16.232 (OR). For purposes of LC 16.253(2)(b)(i) and
(iii) below, Nonresource Zones shall be: LC 16.219 (PF); IC 16.220
(C-i); LC 16.221 (C-2); IC 16.222 (C-3); IC 16.223 (C-R);LC 16.224
(H-I); LC 16.225 (M-2); LC 16.226 (H-3); IC 16.229 (.PA); IC 16.230
(RG); and IC 16.231 (RR).

(a) A minimum of seventy-five percent (75%) of the
total area within the riparian setback area of any legal
lot shall remain in an unaltered, indigenous state except
as provided in LC 16.2S3(2)(b)(i) arid LC 16253(5)(b)
below; and

(b) Removal of existing vegetation from'eithin the
riparian setback area of any legal lot shall not exceed
the shoreline linear frontage and square footage
limitations calculated as follows:

(I) The maximum allowable removal for any
legal lot having frontageof 200 feet or less in
length along a Class I stream shall not exceed 50
linear feet along the shoreline and an area not
greater than 2,500 square feet withinihëriparian
setback area of a Nonresour.ce Zone, or 5,000 square
feet within the riparian setback area of a Resource
Zone.

(ii) The maximum thablereinoval for any
legal lot having frontage of more than 200 feet but
less than 400 feet in length:a.long a Class I stream
shall not the total linear
footage along theshoreline, and an area not greater
than 25 percent of the total square footage of the
entire areawithin the riparian setback area.

(iii) The maximum allowable removal for any
legal lot having frontage 400 feet or greater in
length along a Class I stream shall not exceed 100
linear feet along the shoreline of the Class I

stream and an area not greater than 5,000 square
feet within the riparian setback area of a

Nonresource Zone, or 10,000 square feet within the
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riparian setback arc-a of a Resource Zone. Removal
of indigenous vegetation from within the riparian
setback area in excess of 100 linear feet and the
square footage of the applicable zone designation,

to provide water access for a water-dependent use or

to allow selective thinning of indigenous vegetation

to provide viewscapes, may occur subject to

compliance with LC 16.253(5)(a)(i) below, prior to
removal.

(iv) Removal of vegetation from within the
riparian setback area in excess of LC 16.253(2) (a)

and (b) above, to allow riparian enhancement

projects designed to improve or diversify habitat of
designated areas within the riparian setback area
may occur subject to compliance with IC 16.253(5)(b)

below, prior to removal.
(c) Compliance.. Removal of vegetation from within

the riparian setback area in excess of the removal
provisions in LC 16.253(2) (a) or (b) above, without prior

Planning Director approval shall require compliance with

the provisions of IC 16.253(4) and LC 16.253(5) (c) below,

and may be subject to other remedies available to Lane

County for violation of the standards in IC 16.253(2)

above.
(d) Exceptions. The following uses and activities

are excepted from the riparian setback area removal
standards of IC 16.253(2) above and (3) below.

(i) Commercial forest practices regulated by

the Oregon Forest Practices Act.
(ii) Removal of dead or diseased vegetation

that poses a safety or health hazard, excluding

removal of root wads.
(iii) Removal of vegetation necessary for the

maintenance or placement of structural shoreline

stabilization.
(iv) Normal and accepted farming practices

other than buildings or structures occurring on land

zoned for exclusive farm use.
(3) Modifications. A modification to the applicable

riparian setback standard for a structure may be allowed provided

the Oregon Department of Fish and Wildlife (hereafter ODF&W) is

consulted by the Planning Director at least 10 working days prior to

the initial permit decision and an application for a modification to

the setback standard has been submitted pursuant to LC 14.050 and

approved by the Hearings Official pursuant to the requirements of LC

14.300 with findings of compliance addressing the following

criteria:
(a) The location of a structure within the riparian

setback area shall not result in the removal or the
alteration of vegetation within the riparian setback area
in excess of the standards of LC 16.253(2) above. For

purposes of IC 16.253, altered means to eliminate,

significantly reduce or interrupt the natural growth

cycle of indigenous vegetation by removal or destruction

of the vegetation caused by a person; and
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16.253(3) Lane Code 16.253(4)

(b) The riparian vegetation does not actually

extend all the way into the riparian setback area to the
location of the proposed structure. This determination
shall include consideration of any evidence of riparian
vegetation existing prior to any removal of indigenous
vegetation before or during the application review

period; or
(c) It can be demonstrated that an unduly

restrictive burden would be placed on the property owner
if the structure was not allowed to be located within the
riparian setback area..
(4) Restoration of lndigenous Vegetation Within the

Riparian Setback Area.. Any removal or destruction of indigenous
vegetation within the riparian setback area in excess of the
provisions of IC 16.253(2) without an approved Riparian Setback Area
Alteration Plan shall require an application for a Preliminary
Investigation pursuant to IC 16.253(4)(a)-(c) below. Potential

impacts identified in IC 16.253(4)(a) below, shall be addressed
and/or mitigated through the review, approval and implementation of
a Riparian Setback Area Restoration Plan pursuant to LC16.253(5)(c)
below.

(a) Preliminary Investigation. K Preliminary
Investigation will provide a basis for identifying the
area(s) of vegetation removal, alteration or destruction
and the potential impacts of the removal in excess of the
standards of IC 16.253(2) above. For the purposes of IC
16.253(2) and (4) above, potential adverse impacts shall
include the removal or destruction of vegetation in whole
or part, which is detrimental to the functionsidentified
in IC 16.253(4)(a)(i)-(iv) below. This investigation

shall identify the approval criteria which must be

addressed by the property owner in the Riparian Setback
Area Restoration Plan pursuant to LC .16.253(5)(c) below
and shall include identification of the removed, altered
or destroyed indigenous vegetation in excess of the
standards of LC 16.253(2)(a) and (b) above;'serving one
or more of the following functins:

(i) Shading of Glass I streams.
(ii) Stabilization of a stream bank or

shoreline.
(iii) Habitat for sensitive aquatic or

terrestrial wildlife species...
(iv) HabR-at- endangered or

threatened peQies.



16253(4) Lane Cod? 16,253(5)

(b) Notification of Preliminar_y Investigation

Oeterrnination. The planning Director shall notify the

applicant of the determination of the Preliminary

Investigation by certified mail within 10 days of

completion of the Preliminary Investigation. The

notification shall include a map at the appropriate scale

detailing the portions of the parcel or parcels subject

to the requirements of the riparian setback area, the

area of removal in excess of the standard in [C 16.253(2)

above, and shall set Forth the determination of the

potential adverse inipactsidentifiti fn LC 16..253(4)(a)

above.
(c) Fees for a Preliminary investigation. To

partly defray the expense in performing the Preliminary

Investigation, a fee shall be charged the applicant.

Such fees shall be as established by order of the 8oard

of County Commissioners.
(5) Riparian Setback Area Alteration Plan Submittal. An

application for approval of a Riparian Setback Area Alteration Plan

as required by [C 16.253(2)(b) or (c) above, shailbe submitted

pursuant to one of the following applicable classjfications and

procedures.
(a) j,parian Setback Area Development Plan. The

person proposing the development or removal in excess of

the linear and square footage standard of [C

16.253(2)(b)(iii) above, shall submit a Riparian Setback

Area Development Plan to the Planning Director pursuant

to [C 14.050, which sufficiently identifies thelocation,

nature and scope of the proposed development or removal

of vegetation in excess of the provisions of LC

16..253(2)(b)(iii) above, prior to removal. The Riparian

Setback Area Development Plan shall e'tablish compliance

with LC 16.253(2)(a)' above and the following approval

cri ten a:
(i) Vegetation removal or thinning in excess

of the standard of [C I6.253(2)(b)(iii)'atove, shall

be limited in scope to accommodate the approved

Riparian Setback Area'-Oevelopment Plan only and

shall be subject to conditions of approval set by

the Planning Director'.'im-' aco-rdance with IC

16.253(5)(g) below';
(ii) The'proposed development or removal shall

not have a substantial- adverse-iinpact on significant

wildlife habitat;'
(iii) The proposed development or removal shall

not have a substantial adverse impact on stream bank

or shoreline stabilization; and
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16.253(5) Lane Code 16.253(5)

(iv) the removal or alteration of indigenous
vegetation from within the riparian setback area of
a legal lot shall not exceed 25 percent of the total
square footage of the entire riparian setback area
and 25 percent of the total linear footage along the
shoreline of a Class I Stream.
(b) Riparian Setback Area Enhancement Plan. The

person proposing the removal of vegetation from within
the riparian setback area in excess of LC 16.253(2)(a)
and (b) above, to enhance the riparian setback area by
replanting with indigenous vegetation, shall submit a
Riparian Setback Area Enhancement Plan to the Planning
Director pursuant to IC 14.050, which sufficiently
identifies the location, nature and scope of the proposed
enhancement of indigenous vegetation within the riparian
setback area. The Riparian Setback Area Enhancement plan
shall establish compliance with the following approval
criteria:

(i) Vegetatiàn removal or thinning in excess
of LC 16.253(2) (a) and (b) above shalT be limited-in
scope to accommodate the approved Rjparian Setback
Area Enhancement Plan only and shall be subject to
conditions of approval set by the Planning Director
in accordance with IC 16.253(5)(g) below;

(ii) The proposed alteration and enhancement
activities shall provide for the diversification of
the indigenous vegetation; and

(iii) The proposed alteration and enhancement
activities shall maintain stream bank and shoreline
stability.
(c) Riparian Setback Area Restoration Plan. Where

required by the Preliminary Investigation, the property
owner and the person responsible. for removal or
destruction of vegetation from within the riparian
setback area in excess of the provisions of LC 16.253(2)
above shall submit a Riparian Setback Are"Re-storation
Plan to the Planning Director. pursuant to LC 14.050,
which includes a complete inventory of the previously
existing indigenous vegetation which was removed or
destroyed. The vegetationirwntory shall identify
previous plant community locations and the maturity and
densities of the previously existing plant species. The
submitted Riparian Setback Area. Restoratioa Plan shall
provide a recovery and restoration planting schedule to
include successional plantings, seasonal maintenance, and
other management activities that provide for the recovery
of the removed or destroyed indigenous vegetation.. An

approved Riparian Setback Area Restoration Plan shall
establish compliance with the following criteria and
shall be subject to conditions of approval set by the
Planning Director in accordance with IC 16.253(5)(g),
below:



16.253(5) Lane Code 16.253(5)

(i) Restoration of the riparian setback area

shall comply with the indigenous vegetation

maintenance, removal and replacement standards

established in [C 16.253(2)(b) above;
(ii) Mitigation of adversely impacted

significant wildlife habitat identified in the

Preliminary investigation required Pursuant to LC

16.253(4)(a), above; and
(iii) Mitigation of adversely impacted stream

bank or shoreline stabilization identified in the

Pre-iminary Investigation; required pursuant to [C

16.253(4)(a) above
(d) Riparian Setback Area Plan Receipt and

Referral. Upon receipt and acceptance of the applicable

Riparian Setback Area Alteration Plan described in [C

16.253(5)(a), (b) or (c) above, the Planning Director

shall refer a copy of the Riparian Setback Area

Alteration Plan to the OOF&W for review.
(e) ODF&W Review. Within 10 working days of

submittal of the Riparian Setback Alteration Plan to the

Planning Director as required in LC 16.253(5)(d) above,

the property owner shall provide evidence 6f consultation

with OOF&W. Review of the Riparian Setback Area

Alteration Plan and any recommendations by ODF&14 to the

Planning Director shall be consistent with the provisions

of OAR 635-405 (flay 1991) and OAR 635-415 (November

1991). Any recommendation from ODE&%4 addressing the

proposed Riparian Setback Area Alteration Plan shall be

in writing.
(f) Director Action. The Director may approve the

Riparian Setback Area Alteration Plan if there are

adequate findings of fact supporting tompliance with [C

16.253(2) above and the applicable-approval criteria for

the proposed Ripariaa Setback Area Alteration Plan. The

Director may impose conditions of approval to assure

continued compliance with the applicat}criteria.

Notice of the written decision shall be provided pursuant

to [C 14.100. -

(g) Conditions of Aoproval. Reasonable conditions

nay be placed upon the apprOof a -Riparian Setback
Area Alteration Plan to mitigate impacts and to assure

continued compliance with the protection standards as set

forth in the Riparian Setback..4reaAlteration Plan

approved under LC.16.2.53(S)(1) above. Vegetation removed

or destroyed in excess of LC 16.253(2) above shall be

replaced or restored and maintained within the next

replanting season following the removal or alternation.

Required subsequent maintenance and successional

plantings shall be identified in the Riparian Setback

Area Alteration Plan approved by the Planning Director.

Conditions. may include but are not limited to the

following:
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16.253(5) Lane Code 16.253(5)

(i) The property owner may be required to

enter into a performance agreement to pay all costs

associated with implementing the Riparian Setback

Area Alteration Plan.
(ii) The Planning Director may require the

property owner to record notice of the requirements

of the Riparian Setback Area Alteration Plan and

performance agreements in the Lane County Deed

Records.
(iii) All restored or replaced vegetation

plantings within the riparian setback area shall be

of an indigenous species as identified in the list

of indigenous plant species issociated with riparian

areas adopted by Board Order and incorporated in

Lane tlanual.
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Appendix II GIS Analysis Results

Table 11-1. Percent of Riparian Land in Four Land-Use Zoning Classes Relating to Riparian
Regulation, by Riparian Type.

iprian
rTvpé

Ecoregion Stream

PBentof
-

Rural-

Ripaa Lndin'FchClàs ofLa1J
Zonln2s

Resource Lands with Unregulated
Size Residential, Lands (100' Other Lands

Commercial, buffer) Riparian (Agriculture)
Industrial Regulations
(RRCI) (Forestry

and National
Estuary)

Coastal Small 4.4 21.6 62.7 11.2

Large 18.4 30.7 17.1 26.4
Coast Range Small 1.2 0.2 93.5 5.0

Large 19.6 1.3 78.0 1.1

Coast Range Foothills Small 9.5 0.7 62.5 27.3
Large 14.8 11.5 30.4 43.4

Willamette Plains Small 7.8 5.0 7.2 79.4
Large 13.7 19.2 11.5 55.6

Cascade Foothills Small 14.5 1.1 48.2 36.2
Large 28.8 5.3 7.4 56.2

Western Cascades Small 1.6 0.2 97.8 0.4
Large 13.5 0.9 87.9 1.7

Table 11-2. County Totals: Percent of Land in Four Land-Use Zoning Classes Relating to
Riparian Regulation.

Zoning Class Percent of County-Zoned
Riparian Land

Percent of All County-Zoned
Land

RRCI 5.9% 3.3%
Resource lands (non-forestry) 2.5 1.5

Forestry/National Estuary 75.1 86.0
Agriculture 16.4 9.1
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Appendix III Detailed Riparian Assessment Methodology

A Note on Width-Factoring

The general approach to factoring for width was to determine from the literature

relationships between riparian width and function effectiveness. Then, given a width of riparian

vegetation in the field, I reduced the functional rating based on how much of the function's

cumulative effectiveness was captured by that width of riparian area: if the existing width

captured 75-100% of the element's cumulative effectiveness, the rating was unchanged; for 50-

75%, the rating was reduced by 1; for 25-50%, reduced by 2; and below 25%, reduced by 3.

Shade

For assessing shade, I adapted methods from the Washington Forest Practices Board

methodology for watershed analysis (Washington Forest Practices Board 1993). The Washington

methods relate vegetation canopy closure to stream temperature targets (see Table 111-1); a

stream section either meets or does not meet the target. Oregon presently does not have a similar

set of stream shade targets. The Washington target shade values are probably lower than would

be produced for Oregon, particularly Willamette Valley streams, since these streams tend to be

warmer and thus require more shade to reach the same temperature target. (R. Beschta, OSU,

pers. comm.) Therefore, I adapted the Washington methods by establishing numerical ratings

based on proximity to the shade target (see Table 111-2). In effect, Table 111-2 scales up the shade

targets, since it requires the canopy density to be more than ten points above the Washington

target to receive the highest rating. To account for differences in shade due to stream



orientation', I divided the shade rating by a number from the following table relating to

streambank orientation (see Table 111-3). As an example, on an east-west flowing stream, a

stretch of the south streambank that had shade equal to the minimum shade category would

receive a 3/4 or .75. A similar section across the stream would receive a 3/1 or 3. Anything

above 1 reverts to 1. I then multiply by 4 to transform back to the 0-4 scale, so the ratings would

be 3 for the south bank and 4 for the north bank.

Table 111-1 through 111-3. Shade Rating Calculation Tables.

Table Ill-i. Shade targets based on elevation.

Minimum Shade Category (%) Elevation Zones (feet)
<10 <2320
10+ 1960-2320
20+ 1640-1960
30+ 1320-1640
40+ 10004320
50+ 680-1000
60+ 440-680
70+ 120-440
80+ <120

(Washington Forest Practices Board 1993)

Table 111-2. Conversion of shade targets to numeric rating.

Proximity to canopy cover target Rating
10 percentage points above target 4
at target up to 10 percentage pts.
above

3

below target, but within 15

percentage_points
2

more than 15 percentage points below
target

1

<10% cover 0

1For example, in Oregon, on an east-west flowing stream, the canopy cover on the south bank is much more
important than that on the north bank. This is due to sun angle: north bank trees do not cast as much of a shadow
on the water as south bank trees.
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Table 111-3. Shade factor for stream orientation.

North bank South bank
0-30 degrees from N-S 3 3

30-60 degrees from N-S 2 4
60-90 degrees from N-S 1 4

I measured shade using a canopy densiorneter, modified as described in Platts et al.

(1987). This represents another adaptation of the Washington Forest Practices Board method,

which utilizes canopy density estimates from airphotos. Within each 61-rn (200-ft) survey unit, I

took four readings (one every 12 m (40 ft)) from a position between one-quarter and one-third of

the distance across the hypothesized low-water channel. The four readings provided an average

shade rating for the survey unit.

The width of the riparian buffer was factored into the shade rating, using relationships

developed by Steinbiums et al. (1984) and Brazier and Brown (1973). (The Washington Forest

Practices Board method does not consider width.)

Table 111-4. Width Factor for Shade Rating.

Width
(meters)

Width
(feet)

Reduce rating
by

0-5.8m 0-l9ft 3

5.9-11.6 m 20-38 ft 2
11.7-20.lm 39-66 ft 1

>20.lm >66ft 0

Large Woody Debris

For assessing LWD recruitment potential I again modified methods from the Washington

Forest Practices Board watershed analysis manual. Each survey unit was rated on dominant tree



type, average tree size/age, and stand density, as described in Tables ffl-5 through 111-7. Each

combination of these categories (e.g. conifer, young, dense) was given a rating of 1 (low

recruitment potential) to 3 (high recruitment potential) from the appropriate table, depending on

whether the stream is in a historically conifer-dominated or hardwood-dominated area2 (see Table

111-8 and Table 111-9). Bare land was rated 0.

Table 111-5 through 111-9. Large Woody Debris Rating Calculation Charts.

Table 111-5. Dominant Tree Species

Percent cover Classification Code
> 70% coniferous species Conifer dominated C
> 70% deciduous species Hardwood dominated D

All other cases Mixed M
(Washington Forest Practices Board 1993)

Table 111-6. Average Riparian Tree Size

Vegetation
Class___________________________

Age Class (years)

Young (= Y) Mature (= M) Old (=0)
Conifer <40 40-120 >120
Mixed <40 40-80 >80
Deciduous <40 40-80 >80

Table 111-7. Stand Density

Density Classification Code
<33% total canopy cover Sparse S

Otherwise Dense D

(Washington Forest Practices Board 1993)

(Washington Forest Practices Board 1993)

2This modification of the Washington manual is appropriate if it is clear that hardwoods naturally dominate the
riparian vegetation and are not simply dominating as a result of human influence (R. Beschta, OSU, pers. comm.)
In my study, I considered only Willamette Plains streams to be in a hardwood-dominated region, because
"Cottonwood, willow, and alder are the dominant riparian genera." (Omernik and Gallant 1986, p18). It would be
difficult to prove that hardwoods have historically dominated in any of the other ecoregions.



Table 111-8 LWD Recruitment Potential Rating based on Dominant Tree Type, Size, and Density
(Conifer Dominant Region)

Dominant
TreeType

Age/Size Class and Density

Young Mature Old

Sparse Dense Sparse Dense Sparse Dense
Conifer 1 2 2 3 2 3

Mixed 1 1 1 3 2 3

Deciduous 1 1 1 2 1 2
(Washington Forest Practices Board 1993)

Table 111-9. LWD Recruitment Potential Rating based on Dominant Tree Type, Size, and
Density (Hardwood Dominant Region)

Dominant
Tree Type

Age/Size Class and Density

Young Mature Old

Sparse Dense Sparse Dense Sparse Dense
Conifer 1 2 2 3 2 3

Mixed 1 2 2 3 2 3

Deciduous 1 2 2 3 2 3

(modified from Washington Forest Practices Board 1993)

Large woody debris that is already downed (i.e. on the ground in the riparian zone) is at

least as important as standing trees for contributing LWD to the stream. I chose not to include

downed LWD in my study, however, because it is not explicitly addressed in the Lane County

ordinance. Standing vegetation is protected, as are rootwads, but dead and dying "hazardous

trees" can be removed. Thus, technically, a landowner could remove downed LWD from their

entire stream frontage (not just from their 25% removal zone), although it seems unlikely that

many landowners would choose to do so (K. Howe, Lane County Land Management Division,

pers. comm.).
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Since the Washington watershed analysis methodology does not deal with riparian width, I

used relationships developed by McDade et al. (1990) to factor width into the ratings (see Table

111-10).

Table 111-10. Width Factor for LWD Rating.

Tree Type Width
(meters)

Width
(feet)

Reduce rating
by:

Hardwood 0-4 m 0-13 ft 2

4.1-9.lm 14-3Oft 1

>9.lm >3Oft 0
Conifer 0-5.2 m 0-17 ft 3

5.3-10.1 m 18-33 ft 2

10.2-20.lm 34-66 ft 1

>20.lm >66ft 0
Mixed 0-7.0 m 0-23 ft 2

7.1-14.6m 24-48ft 1

>14.6m >48ft 0

Terrestrial Habitat Structure

Different species find riparian areas attractive for different reasons, so the most accurate

way to rate the wildlife habitat function of a given riparian area is on a species-specific basis.

Clearly, evaluating habitat for each of a few hundred species is not a feasible approach for getting

a general sense of the overall habitat condition. I could find no aggregate methods for evaluating

wildlife habitat in riparian areas. What I did find was that structural complexity/diversity of

vegetation is one of the most often mentioned elements of good riparian habitat for wildlife

(O'Connell et al. 1993 p.12-13, Boechler and McAllister 1992 p.34, Gregory and Ashkenas 1990

p.4.9-50). Therefore, a measure of structural diversity in the riparian vegetation could be useful as

a general indicator of habitat value. Furthermore, vegetation density is important for wildlife



habitat (Oakley et al. 1985, Gregory and Ashkenas 1990). Combining stratification and density, I

developed a rating system for terrestrial habitat structure (Table Ill-il). This rating system is not

meant to evaluate the quality of habitat for any particular species or group of species. It is simply

an indicator of the habitat structure, which again is frequently cited as a primary contributor to

high quality riparian habitat.

Table Ill-li. Terrestrial Habitat Structure Rating Calculation Chart.

Trees Shrubs/ Low
Trees

Herbsl Low
Shrubs

Rating

Dense 70% Dense 40% Dense 40% 4
Sparse <40% 3

Sparse <40% Dense 3

Sparse 2
Medium 40-70% Dense Dense 3

Sparse 2

Sparse Dense 2
Sparse 1

Sparse <40% Dense Dense 2

Sparse 1

Sparse Dense 1

Sparse 0

I made visual estimates of foliage density for each of the three strata: trees over 6.1 m (20

ft) tall, trees and shrubs between 1.2 m and 6.1 m (4 ft and 20 ft tall), and shrubs and herbs 1.2 m

(4 ft) or less. I made these measurements within a 15.2-rn (50-ft) riparian width. Undoubtedly,

many wildlife species will require a riparian buffer greater than 15.2 m in width. However, given

the lack of established methods and the huge variability in species' needs, I ignored buffer width

as a factor for terrestrial habitat structure for purposes of this assessment.

Ifi]



Sediment Control

The role of vegetation in limiting stream sediment loads is well documented (Vought et al.

1994; Binford and Buchenau 1993; Hickin 1984; Cowan 1956), but I could find no suitable

evaluation methods. Therefore, I developed my own system, based as much as possible on the

literature. The major vegetative factors affecting sediment load appear to be: roots stabilizing

streambanks; stems and foliage slowing and filtering overland flow (runoff) from adjacent lands;

stems and foliage slowing and filtering floodwaters; and large woody debris in the stream slowing

flow and trapping sediment. LWD was dealt with separately, above. Streambank stability

depends on roots reinforcing the soil and stems and foliage reducing flow velocity (Lowrance et

al. 1985). Thus, the denser the vegetation the less able the stream is to erode its banks. Sediment

already in water (be it in floodwaters or overland flow) can be encouraged to settle out in the

riparian zone. "Filtration efficiency increases with.. .greater density of vegetation and litter," and.

also with stiffer vegetation (Binford and Buchenau 1993, p.78). The latter three elements I

combined into an overall rating for sediment control ability based on density of vegetation in three

vegetation types. The vegetation types are the same as were used in the Terrestrial Habitat

Structure analysis. In developing this rating, I rated each combination of densities (e.g.

Medium/Dense/Dense) for each element of sediment control (streambank stability, overland flow

filtering, flood slowing). I totaled these and created categories for an overall sediment-control

rating (see Table 111-12).

51



Table 111-12. Sediment Control Calculation Chart.

Trees Shrubs! Low
Trees

Herbs! Low
Shrubs

Rating

Dense 70% Dense 40% Dense 40% 4
Sparse <40% 4

Sparse <40% Dense 4
Sparse 2

Medium 40-70% Dense Dense 4
Sparse 3

Sparse Dense 3

Sparse 2
Sparse <40% Dense Dense 3

Sparse 2
Sparse Dense 2

Sparse 1

<10% <10% <10% 0

The rating was decreased by 1 for an incised channel with exposed bank of 0.9-1.5 m (3-5

ft) and by 2 for an exposed bank of greater than 1.5 m (5 ft). In addition, I noted where slopes of

>10% or >20% occur within the 15.2-rn setback. These areas should be noted as potential

problem areas, and the sediment control ability of vegetation is especially important here. In these

areas, 15.2 m might not be enough to ensure adequate sediment control, or NPS pollution control

(see Phillips 1989a).

Numerous studies have addressed the relationship between riparian buffer width and

sediment entering the stream from adjacent land uses. Binford and Buchenau (1993) suggest 80-

100-rn (265-330-ft) bufferstrips to reduce overland sediment delivery by 50 to 75 percent from

agricultural fields with slopes 0 to 7 percent. Erman et al. (1977) found 30-rn (98 ft.) bufferstrips

allowed no sediment to enter the stream from logged areas, while smaller buffers allowed

sedimentation which affected stream invertebrate communities. Five studies were reported by

Osborne and Kovacic (1993) in which buffers ranging in width from 9-30 m, or 30-98 ft (average
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18.4 m, 60.4 ft) removed a substantial portion of sediments in overland flow. These were all

studies of forestry- and farming-related land uses. In the absence of data specific to rural-

residential, conm-iercial, and industrial lands, I assumed that 15.2 m. was an adequate buffer width

for RRCI land. I then factored for smaller widths using the non-linear relationship suggested by

the literature (see Table 111-13).

Table 111-13. Width Factor for Sediment Control Rating.

Width
(meters)

Width
(feet)

Reduce rating by:

0-3.Om 0-10 ft 3

3.1-9.lm 11-30 2

9.2-15.2m 31-50 1

>15.2m >50 0

NPS Pollution Control

Nonpoint-source pollution entering streams can be controlled to some extent by riparian

zones. The main pathways for inhibiting delivery of nutrients and other pollutants are: 1)

sedimentation in the riparian zone; 2) micro-organism-mediated processes in riparian soils (e.g.

denitrification); 3) uptake by riparian vegetation. Sedimentation has been dealt with above.

Microbial processes are related to soils and hydrology more than vegetation. These processes are

complex, and since soils and hydrology are not directly regulated by the Lane County ordinance,

were not dealt with in my study. Pollution uptake by riparian vegetation therefore constituted the

section on nonpoint-source pollution control. This approach is consistent with the assessment of

Lowrance et al. (1985, p.89) that "The most important role of [riparian] vegetation [in controlling

pollution] is uptake and long-term storage of nutrients in woody material."
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I could find no suitable assessment method for vegetation uptake of pollutants. However,

it is clear that vegetation density and age factor heavily in the nutrient-removal effectiveness of

riparian vegetation (Vought et al. 1994; Binford and Buchenau 1993; Lowrance et al. 1985).

"Fast-growing, early successional vegetation will absorb more nutrients than mature forests."

(Binford and Buchenau 1993, p.80). At a steady state in succession, there is usually little or no net

accumulation of nutrients (Binford and Buchenau 1993). Therefore, the rating for pollution

uptake was composed of the density rating from the Sediment Control section in conjunction with

age (as determined in the LWD assessment).

As with sediment control, there are numerous studies relating buffer width to pollution

control. Unfortunately, again, these are studies of agricultural land use. Of several studies

(reported in Osborne and Kovacic 1993), riparian buffer widths ranging from 10 m to 19m, with

an average of 16 m (52.5 ft) removed from 65% to 98% (82.5% average) of the nitrate from

subsurface waters. Phillips (1989b) found that for typical moderately well-drained soils a 15-40 m

(49-131 ft) buffer provided a high level of water-quality protection. Assuming that residential

land use will introduce lower levels of pollutants than agriculture, it appears that a 15.2-rn buffer

would be adequate to capture the pollution control function on RRCI lands. I used the same

width-factoring chart as for Sediment Control (see Table 111-15).
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Table 111-14. NPS Pollution Control Rating Calculation Chart.

Age Class Percent canopy and shrub-herb cover Rating
Old <40% canopy cover & <50% shrub and 0

herb cover
40-70% canopy cover and <50% shrub-herb 0
OR
<40% canopy & >50% shrub-herb
>70% canopy & <50% shrub-herb I
OR
40-70% canopy & >50% shrub-herb
>70% canopy & >50% shrub-herb 2

Mature <40% canopy cover& <50% shrub and 0
herb cover
40-70% canopy cover and <50% shrub-herb 1

OR
<40% canopy & >50% shrub-herb
>70% canopy & <50% shrub-herb 2
OR
40-70% canopy & >50% shrub-herb
>70% canopy & >50% shrub-herb 3

Young <40% canopy cover & <50% shrub and 2
herb cover
40-70% canopy cover and <50% shrub-herb 3

OR
<40% canopy & >50% shrub-herb
>70% canopy & <50% shrub-herb 4
OR
40-70% canopy & >50% shrub-herb
>70% canopy & >50% shrub-herb 4

<l0%canopy& 0
<10% shrub-herb

Table 111-15. Width Factor for NPS Pollution Control Rating.

Width
(meters)

Width
(feet)

Reduce rating by:

0-3.Om 0-10
ft

3

3.1-9.lm 11-30 2

9.2-15.2m 31-50 1

>15.2m >50 0



Data Collection Form

Figure Ifl-1. Riparian Assessmen Form for collecting data in the field.
Site #__________
Site Location

Canopy Density Stream Width:
at: Unit] Unit2 Unit3 Unit4 Unit5 <100'
25'

75'

125'

175'

Total

Tree Species Unit 1 2 3 4 5
>70% Conifer
>70% Hardwood
Mixed

Tree Density1 2345
<33% - _I_
33-40
40-70
>70%

Tall Trees (>2Oft tall)1 2345
<40%
40-70
>70%

Tall Shrubs/Low Trees
Unit: 12345
<40%
>=40%

Low Shrubs/Herbs
Unit: 12345
<40%

Date

>= 100'

Stream Orientation (enter unit #s):
0-30 30-60 60-90

Riparian Width (enter unit #s):
<50L_____ 50-66' >66'

Conifer 1 2 3 4 5
<40 yrs
40-120

>120

''C

Channel Incision
3'-5,
>5'

Shrub-Herb Combined
1 2345

<50%
>=50%
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Appendix IV Detailed Ratings Results

Shade

LCR SCAF LWP LCF SCF

Riparian Type

Terrestrial Habitat Structure
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npoint-source Pollution
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Riparlan Type
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Sediment Control
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Riparian Type

Figure IV-!. Riparian element ratings by
riparian type.

LCR = Large streams, Coast Range ecoregion;
SCRF = Small streams, Coast Range Foothills
ecoregion; LWP = Large streams, Willamette
Plains ecoregion; LCF = Large streams,
Cascade Foothills ecoregion; SCF = Small
streams, Cascade Foothills ecoregion.



Appendix V Vegetation Removal Scenario Methodology

Simulating vegetation removal on streamfront RRCI properties involved two steps. The

first was to determine on which lots vegetation could be removed. Lots on which riparian

vegetation previously had been removed from 25% or more of the setback zone were not eligible

for further removal. For those lots that were eligible, I placed the 25% removal in two places, for

comparison: where removal would have the greatest impact and where it would have the least.

Finally, I recalculated ratings as follows. For the land area within the removal zone the rating for

each function was 0 (since all vegetation could be removed). Whatever land remained retained its

baseline rating. The area of unaltered land was multiplied by its baseline rating and then divided

by 60.96 (rn) to give a new, average rating for the entire 60.96-m unit. For example: one lot

covers two 60.96-rn units, both of which received a 3 for sediment control. Removal of 25% of

the vegetation might be placed such that it all occurs in the second of the units. Thus, in the first

unit the baseline and post-scenario ratings are identical: 3. In the second unit, however, 15.2 m

receives a new rating of 0 and 45.7 rn retains the baseline rating of 3. Three times 45.7 equals

137.1, divided by 60.96 equals 2.25; the post-scenario rating of the second unit is 2.25. These

calculations were done in a spreadsheet.

This basic procedure was altered in a few instances where it was obvious that understory

vegetation had been removed but the trees canopy had not been altered (or vice-versa). In these

cases, I calculated post-scenario ratings by hand, going back to the ratings tables described in the

Field Survey section.


