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a. Abstract

Key elements often missing from species restoration and recovery efforts are a clear understanding of the primary stressors impacting the species, accurate information concerning the distribution and status of the species within management areas, and what the appropriate recovery targets for the species should be.   These questions cannot be answered without effective unbiased monitoring efforts.  

The Oregon Department of Environmental Quality has already implemented, in coordination with ODFW and other state and federal agencies, monitoring projects in the Oregon Coast Range to answer these key questions.  DEQ has started similar monitoring work in the Upper Willamette, Lower Columbia and Mid Columbia ESUs, but limited state funding has prevented full implementation of the monitoring effort in these areas.  The funds requested in this proposal would provide a significant portion of the data necessary to fully understand and document key stressors, status of listed species, and possible recovery targets for stream habitat, water chemistry and biological communities.

This project will utilize a monitoring design developed by the EPA Environmental Monitoring and Assessment Program (EMAP).  This design selects stream sites within a target area (watershed, basin, ecoregion, etc.) using a probabilistic or random site selection procedure.  In this way an unbiased set of samples is collected which allows a more accurate evaluation of the status and, over time, trends in environmental conditions and specific species.

Funding for this project will allow sampling at 40 stream sites within the Upper Willamette ESU, 20 sites within the Lower Columbia ESU, and 20 to 30 reference sites in the Blue Mountain ecoregion (Mid Columbia ESU).  These data will be added to the data collected by DEQ in 1999 and 2000, and together will provide the data necessary for a status assessment of stream conditions within these ESUs.

b. Justification as high priority

Understanding and improving stream quality (physical, chemical and biological functions) is inextricably linked to salmon restoration and recovery.  Without baseline data that can accurately characterize stream condition and their trends, there is no way to determine the success or failure of restoration and recovery efforts.

This project will gather chemical, physical and biological data in streams with listed Coho, Chinook, Steelhead, and Bull Trout populations in three ESUs: Upper Willamette, Lower Columbia, and Mid Columbia.  The risk to the species of not funding this type of monitoring work is that without good documentation of species status and stream condition, ineffective restoration projects may continue with the ultimate loss of listed fish species.  Putting off such monitoring work simply perpetuates poor management decisions due to a lack of adequate information.  This project will be integrated with the Oregon Plan monitoring work, which has been recognized by NMFS as an effective monitoring effort for evaluating fish recovery and stream conditions.

Fish collection permits from NMFS, USFWS, and Oregon Dept. of Fish & Wildlife will be necessary to carry out this project.  Permission to sample on a variety of private lands will also be required.  Oregon DEQ has received fish collection permits from these agencies for several years.  Permit applications for the affected ESU’s have already been submitted for 2001.  This sampling work will fall under current 4d rules for listed anadromous species. USFWS permits for Bull Trout and Oregon Chub have already been received, and apply statewide through 2004.  Landowner permission, where needed, will be arranged on an individual basis.  It is impossible to anticipate how many will deny access to sample, but based on past year’s experience about 75% will give permission.

All permits and landowner permission will be completed before field sampling begins in late June 2001.

c. Rationale and relationship to criteria for high priority projects adopted in the 2000 Fish and Wildlife Program

1. This project offers immediate, measurable benefits to ESA-listed species by:

· documenting the status of listed species.  Data collected in this study will allow estimates of the percent of stream miles within an ESU that supports populations of listed species.

· identifying key stressors that are limiting populations of listed species.

· identifying effective restoration opportunities by determining the key stressors involved.

· assessing trends in listed species and in water quality and stream habitat conditions.

· developing appropriate recovery targets by identifying and sampling regional reference sites.

2. This project addresses habitat protection of fish or wildlife.

This will be possible by characterizing stream habitat conditions within an ESU and identifying areas with high habitat quality that should be protected.  This project will also identify reference sites (stream segments with minimal human disturbance).  These areas will represent the highest quality habitat conditions within a basin or ESU.

This proposal also:

· Fulfills two criteria for high priority projects (listed above).

· Is part of a collaborative effort with other entities.  This project will be integrated with the Oregon Plan for Salmon & Watersheds (OPSW) monitoring studies by Oregon DEQ and ODFW.  It will also provide needed data on reference conditions in the Mid Columbia ESU and be coordinated with EPA’s Western Pilot EMAP study in the John Day and lower Deschutes basins.

· Implements high-priority actions approved by a tribal or state governmental authority with fish and wildlife protection responsibility.  The Oregon Plan for Salmon and Watersheds is the State of Oregon’s response to assessment and recovery of listed species, and has been recognized by NMFS and USFWS as an effective plan.  This project will follow all methods and monitoring design aspects of the OPSW studies currently engaged in by DEQ.  It will also be coordinated with monitoring efforts by ODFW allowing for a thorough assessment of stream conditions within the study ESUs.

· Collects data that are appropriate for measuring biological outcomes.  This project will directly measure water chemistry (approximately 30 parameters per site), stream habitat (both riparian and channel conditions), macroinvertebrate communities, and fish communities.   

d. Relationships to other projects 
This project is directly linked with two significant regional monitoring studies: the Oregon Plan for Salmon & Watersheds monitoring studies in the Oregon Coast Range and Willamette Valley ESUs, and the EPA, Environmental Monitoring and Assessment Project (EMAP) in the John Day basin.  If funded this project will provide the additional monitoring effort needed in the Upper Willamette and Lower Columbia ESUs, and provide key reference site data in the Mid Columbia ESU.  This work is coordinated with all key natural resource agencies in Oregon through the OPSW monitoring team, and with EPA.  The results from the study will also be useful to watershed councils completing restoration work in these same regions, and will provide needed information to assess the effectiveness of TMDL implementation efforts in these areas.

e. Proposal objectives, tasks and methods
Objectives 

The overall goal of this project is to estimate the current status, extent and trends of the chemical, physical and biological condition of regional streams, identify the primary human induced stresses that impact stream condition, and set appropriate targets for stream recovery.  This goal is directly linked to the goals of the monitoring studies currently underway in the OPSW program and EPA’s EMAP program.

Objective 1:  Utilize a probabilistic sampling design to characterize with a known statistical confidence the chemical, physical and biological condition of wadeable streams within the Upper Willamette, Lower Columbia ESUs.


Task a: Randomly select stream sites on 1st, 2nd, and 3rd, order streams in the Upper Willamette and Lower Columbia ESUs.


Method:  EPA, through its research center in Corvallis, Oregon, has already selected random probability sites within these ESUs for the OPSW monitoring project.  This procedure is based on a spatial grid design with hexagonal areas centered at grid points (EPA 1993).  Points along all 1st, 2nd, and 3rd order streams are plotted sequentially by computer and points then randomly selected.  The randomly selected points are then replotted on maps and selected for sampling.  The following web site discusses the monitoring approach/design for the OPSW project: 

http://www.oregon-plan.org/FCH16.html
Task b:  Determine ownership of each site location and contact private landowners for access and permission to sample.

Method:  Site maps (1:24,000) are printed and locations identified as private, state, or federal ownership.  For state and federal ownership local land managers are contacted and informed of sampling work.  For privately owned sites, ownership is determined at local county courthouses and landowners contacted via phone or in person to get permission for sampling.

Objective 2:  Establish high quality reference sites within the Mid Columbia ESU to set appropriate stream recovery targets.

Task c:  Locate reference sites within target region.

Method:  Oregon DEQ has established a six step method for identifying and selecting reference sites.  These steps cover: 

1) Defining areas on maps using GIS land use layers; 

2) Surveying professionals for reference candidate streams;  

3) Determining human disturbance within watersheds;  

4) Establishing classes for reference sites; 

5) Conducting field reconnaissance;  and

6)
Evaluating biological health of reference sites.
The procedure is described in detail by Mrazik (1999).  This report is attached to this proposal.

Objective 3:  Assess the chemical, physical and biological condition of targeted streams.

Task d:  Collect field data for chemical, stream habitat, macroinvertebrate and fish community parameters.

Methods:  The field sampling window for this project is July 1st, through October 1st.  All field data will be collected within this time period.  This sampling period typically represents base flow conditions and generally reflects worst case conditions for water chemistry and habitat conditions.  To document possible seasonal variability issues within this time period, some sites are sampled at both the beginning and end of the field season.  Repeat sampling also provides quality assurance (QA) checks on field crew performance.    The following procedures have been implemented to insure the collection of high quality data:

1) Detailed field method manuals are provided to all field crews.

2) Training sessions are held for field crewmembers before field sampling begins.  This training covers all field methods, meter calibration, procedures for filling out field forms, and sample preservation and handling.

3) 10% of all sites are sampled twice during the field season to establish level of sampling and seasonal variability for each parameter.

There are two main documents that describe in detail the field sampling methods used for this project:

Mulvey, Mike.  1999. Field Methods – Regional Environmental Monitoring and Assessment Program: Physical Habitat, Water Chemistry, Macroinvertebrates, Aquatic Vertebrates, Riparian Amphibians, Periphyton.  Oregon DEQ Biomonitoring Section, Portland, OR.

EPA. 2000.  Western Pilot Study: Field Operations Manual for Wadeable Steams. EPA, Office of Research and Development, Washington D.C. 


Task e:  Sample Analysis

Methods:  Some samples are analyzed in the field by field crews, other samples are analyzed at the DEQ Laboratory in Portland, Oregon, and others are analyzed by contractors.  Below is a list of sample analysis and responsible parties:

Water Chemistry:


Field parameters – Dissolved oxygen, pH, conductivity, temperature, turbidity.  These parameters are analyzed in the field by field crews.


Lab parameters –  BOD, COD, alkalinity, ammonia, orthophosphate, nitrate and nitrite, total suspended solids.  These parameters are measured by professional chemists at the DEQ Laboratory.

Stream Habitat:  Habitat data are collected in the field by the field crews.  Hard copies of the field data forms are checked for accuracy, and then sent to EPA’s Research Laboratory in Corvallis, Oregon where they are scanned into electronic format.  Once in computer form the habitat data is summarized into over 100 habitat metrics that describe the habitat conditions at each site.  These results are returned to DEQ by the EPA research laboratory.

Macroinvertebrates:  Macroinvertebrate samples collected in the field are preserved by the field crews and then sent Rithron Inc., a contractor who sorts and identifies all the macroinvertebrates collected from each site.



Fish:  Each stream reach is electrofished to assess the fish community.  Fish are processed (each specimen identified, counted and total length measured) in the field by the field crew.

Objective 4:  Provide statistical summaries and interpretive reports on the status and trends of stream conditions to resource managers and the public.


Task f:  Analyze data and summarize results in data reports.


Methods:  Oregon DEQ has been assessing stream sites using similar methods since 1994.  A variety of reports with analysis and assessments of regional stream sites have been completed and are available on DEQ’s web stie at:  http://www.deq.state.or.us/lab/Biomon/bio_rpt.htm

The following report has been included with this proposal as an example.


Canale, Goerge.  1999. Oregon Coast Range Macroinvertebrate Analysis and Monitoring Status

1991 – 1997. Biomonitoring Technical Report # BIO99-005, Oregon DEQ, Biomonitoring Section, Portland, OR.


Tasks and Methods 

Listed above under objectives

f. Facilities and equipment
The primary facility for this project is the Oregon DEQ Laboratory, located on Portland State University campus in the Science II building.  The laboratory employees approximately 85 scientists and analyzes all water and air samples collected by DEQ statewide.  The Biomonitoring Section, within the Laboratory Division, will have primary responsibility for this project.  All field equipment, such as flow meters, electrofishing equipment, water chemistry meters, macroinvertebrate sampling gear, etc., is already available through DEQ.  Vehicles for field work will also be available to complete this project by utilizing DEQ’s current field vehicles.  This is possible since this project will be integrated into similar field efforts under DEQ’s OPSW and EMAP studies.
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RICHARD E HAFELEPRIVATE 


Manager – DEQ Biomonitoring Section


Portland, Oregon
GENERAL BACKGROUND:

Mr. Hafele has worked in Oregon as an aquatic biologist with an emphasis in macroinvertebrate and fisheries studies since 1975.  His experience includes work for private consulting companies, state government, and his own consulting company.  The emphasis of his work has been on environmental impact assessments, stream condition and biological evaluations, biological monitoring method development, water quality assessments, and toxicity evaluations.  His current work emphasizes nonpoint source pollution evaluation and biological criteria development for streams and rivers in Oregon.

WORK HISTORY:
1986 - Present:  Oregon Department of Environmental Quality


Currently work as manager of the Biomonitoring Section of the DEQ Laboratory Division.  This job includes overseeing point source investigations and compliance monitoring using bioassays and instream studies, maintaining an ambient toxics monitoring network for fish tissue, and developing and implementing nonpoint source monitoring and assessment techniques for streams in Oregon.  The nonpoint source work relies primarily on macroinvertebrate sampling and assessments.  Fish populations and periphyton are also sampled.  Along with biological samples, water chemistry and physical habitat conditions are assessed at all biomonitoring sites.  

1983 - 1986:  Self-Employed Environmental Consultant


Worked as an environmental consultant specializing in stream assessment projects with an emphasis in macroinvertebrate and fish studies.  Completed contracts with both private business and public agencies.  Example: Contracted with EPA to analyze all macroinvertebrate samples collected from 96 sites in Oregon for the Ecoregion study.

1978 - 1983:  VTN, Inc., Portland, Oregon


Worked as the lead freshwater invertebrate specialist for VTN, Inc., a private consulting firm specializing in environmental studies and assessments.  Projects included hydroelectric, oil shale, and mining developments in streams from Colorado, California, Idaho, to Alaska.  Responsibilities included project planning, fieldwork and sample analysis, and report preparation.

EDUCATION:

1978:  Master of Science degree in Aquatic Entomology (minor in Fisheries) from Oregon State University, Corvallis, Oregon.

1973:  Bachelor of Science degree in Biology (minor in Chemistry) from Western Washington University, Bellingham, Washington.

PUBLICATIONS:
Hafele, R. & Dave Hughes, 1981.  The Complete Book of Western Hatches.  Frank Amato Books, Portland, Oregon, 220pp.

Hafele, R. & Scott Roederer, 1995.  An Angler's Guide to Aquatic Insects and Their Imitations.  2nd Edition. Johnson 
Books, Boulder, Colorado, 190pp.

Hafele, R. & Steve Hinton, 1996.  Guide to Pacific Northwest Aquatic Invertebrates.  DEQ & Oregon Trout 
Publication, Portland, OR.
Michael P. Mulvey

7695 SW 82 nd Avenue

Portland , Oregon   97223

Home: (503) 246-1316  Work: (503) 229-5983

Professional Experience
Monitoring coordinator (Natural Resource Specialist 4)                  1998 to Present

Oregon Department of Environmental Quality, Laboratory Division

1712 S.W. 11 th Avenue, Portland,  Oregon   97201

Supervisor: Rick Hafele, (503) 229-5983

I supervise three field crews conducting stream ecological assessments in western Oregon.  This monitoring work is part of the Oregon Plan for Salmon and Watersheds being coordinated by the Oregon Department of Fish and Wildlife.  The goal of the monitoring program is to evaluate the effectiveness of efforts to restore salmon and trout populations listed under the Endangered Species Act. The assessments include an electrofishing survey of stream vertebrates, habitat condition evaluations, water chemistry, and macroinvertebrate sampling.

Water quality study lead worker (Environmental Specialist 3).       
 1994 to 1998.

Oregon Department of Environmental Quality, Laboratory Division

1712 S.W. 11 th Avenue, Portland,  Oregon   97201

Supervisor: Greg Pettit, (503) 229-5983

I supervised a crew of three to four people conducting the Regional Environmental Monitoring and Assessment Program.  This is an assessment of the ecological integrity of small rivers and streams on a landscape scale.  The assessments included an electrofishintg survey of stream vertebrates, habitat condition evaluations, water chemistry, and macroinvertebrate sampling.  I planned and assigned field and laboratory work, trained staff, and reviewed work performance.  I reviewed data for completeness and overall quality. 

Biological monitoring specialist (Environmental Specialist 2). 
 1990 to 1994.

Oregon Department of Environmental Quality, Laboratory Division

1712 SW 11 th Avenue, Portland,  Oregon   97201

Supervisor: Greg Pettit, (503) 229-5983

I was a biomonitoring specialist in the state water quality monitoring program.  I planned and conducted studies of streams and rivers that evaluated ecological reference conditions or water quality effects of point source and nonpoint source pollution.  Work included collecting water and analyzing biological and chemical samples, including vertebrates collected using electrofishing.  

Education
Master of Science

Biology, 1987

Portland State University

Portland, Oregon   97201
Bachelor of Science

Biology and Environmental Science, 1976.  

State University of New York, College at Plattsburgh

Plattsburgh, New York   12901



Electrofishing Course

Fisheries Academy 

US Fish and Wildlife Service

Inorganic Chemist (Chemist 2).  



      February 1989 to August 1990.  

Oregon Department of Environmental Quality, Laboratory Division

1712 SW 11 th Avenue, Portland,  Oregon   97201

Supervisor: Ron McCartney, (503) 229-5983

As an inorganic chemist I was responsible for preparing and analyzing environmental samples for various metals to assess compliance with state and federal environmental regulation. I reviewed and evaluated analytical data to assess overall data quality and regulation violation.  

Food analyst (Laboratory Technician 2).   


          April 1987 to February 1989.  

Oregon Department of Agriculture

635 Capitol Street, NE, Salem, Oregon  97310-0110

Supervisor: Norma Coristan (503) 378-3793

I worked as and analyst and inspector in several government programs to insure the safety and quality of food and other agricultural products.  I reviewed and evaluated analytical data to assess overall data quality and regulation violation.  

RESUMEPRIVATE 


DOUGLAS LEWIS DRAKE


7120 S.E. 32nd Ave.


Portland, OR 97219


(503) 224-4228

EXPERIENCE: 



June 1995-present  


AQUATIC BIOLOGIST


State of Oregon,  Department of Environmental Quality

 
Laboratories and Applied Research, Biomonitoring Section.   


Project Coordinator for Reference Condition Project.  Technical assistance on Biocriteria development.  Agency lead on Whole Effluent Toxicity technical assistance and National Environmental Laboratory Accreditation Program (NELAP).  Database manager for site and habitat data.  Crew leader for field sampling of wadeable streams for macrobenthos, vertebrates, chemistry and physical habitat.

June 1988-1995  


AQUATIC BIOLOGIST


State of Oregon, Department of Environmental Quality 


Laboratories and Applied Research, Biomonitoring Section. 


Lead worker for all point source monitoring. Duties included coordinating, setting-up, performing and reporting NPDES Whole Effluent Toxicity tests; performing point source mixing zone studies and primary support team member for waste load allocation sampling for toxics (mercury, TCDD) and conventional parameters. Established NPDES WET guidance protocol for Department application.

EDUCATION:


1996-1998

Graduate credit hours, Biology





Portland State University,

 



Portland, Oregon.


1986-1990  
BACHELOR of SCIENCE, Biology,




     Portland State University,

 



Portland, Oregon.


1984-1986
     Undergraduate credit hours, Biology





Portland Community College





Portland, Oregon.
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Reference Site Selection:  A Six Step Approach for Selecting Reference Sites for Biomonitoring and Stream Evaluation Studies

Introduction

The Oregon Department of Environmental Quality’s (DEQ) Laboratory Division conducted bioassessment stream surveys at 68 sites throughout the Oregon Coast in the summer 1998, as part of the Oregon Plan for Salmon and Watersheds.  These bioassessment surveys consisted of biological, chemical, and physical sampling.  One project goal was to evaluate the range of stream conditions occurring throughout the Oregon coast and lower Columbia River.  An integral part of categorizing these streams included comparing conditions at randomly selected sites to those at reference sites.  

Reference sites should represent attainable stream conditions for a particular region (Hughes et al. 1986, Hughes 1995).  The high quality condition of reference sites should be represented through their biological, chemical, and physical stream properties.

Ideally, reference sites are defined as stream locations where the upstream watershed has been free from human modifications.  We realized that this definition has limitations, because people have impacted almost every piece of land, so we considered sites that were minimally affected by humans.  

Reference sites establish benchmark conditions for a stream within a particular region (Hughes 1995).  After we collected data from randomly selected stream sites, reference sites served as a basis of comparison for sites within the same region.  From these comparisons we were able to assess biological and water quality trends.

In order to choose excellent quality streams to serve as reference sites, we expended considerable time to refine our site selection process.  The purpose of this report is to describe and evaluate the six step reference site selection process the DEQ employed for the Oregon Plan for Salmon and Watersheds 1998 field season.

Six Step Selection Approach

The DEQ’s process for selecting reference sites incorporated six steps, including:

6) Defining areas on maps; 

7) Surveying professionals for reference candidate streams;  

8) Determining human disturbance within watersheds;  

9) Establishing classes for reference sites; 

10) Conducting field reconnaissance;  and 

11) Evaluating biological health of reference sites.  

Step 1: Define areas on maps
The Biomonitoring section at the DEQ laboratory committed to sample streams throughout the Oregon coast and lower Columbia River.  This area included all coastal basins as well as lower Columbia drainages downstream of the confluence with the Deschutes River.  For reporting purposes, the geographical area covered by our project was subdivided into four regions.  We designated these regions as the North Coast, Mid Coast, South Coast, and Lower Columbia (Figure 1).  

Dividing the project area into four subregions allowed us to accomplish two things.  First, it provided a boundary to keep track of the number of sites within each geographic reporting unit.  Second, it established a boundary that helped us select a variety of professionals to survey (Step 2) from each geographical region.  

The four subregions were delineated and mapped using ArcView GIS software.  Boundaries followed fifth field watershed areas.  We queried all fifth field watersheds within the Northern Oregon Coastal Basin to establish the “North Coast” region.  The Mid Coastal Basin served as the perimeter for the “Mid Coast” region.  Several basins, including the Rogue, Umpqua, and South Coast, were merged to create the boundary for the “South Coast” region.  The “Lower Columbia” region included the catchments that drain the Oregon side of the lower Columbia River (including the Willamette River below Willamette Falls) upstream to the Deschutes River confluence.      

Step 2: Survey professionals for candidate streams

Stream conditions vary throughout the state and even within basins.  Although DEQ staff is knowledgeable of many stream conditions, coordinating with regional professionals provided us with additional up-to-date stream information.   In order to select a subset of reference streams, we decided to survey people who were familiar with local stream conditions.   

Regional Biologists and Resource Land Managers were surveyed to determine a candidate list of reference streams.  We phoned about 20 professionals throughout our project area to administer the survey, selecting a cross section of individuals with a variety of backgrounds, including fisheries biologists, hydrologists, geologists, and entomologists.  

After we defined what a reference stream was and identified previously established high quality areas as examples, we recorded the professionals responses noting, stream location and approximate size.  In several cases, the professionals responded in writing after reviewing streams in their area with their suggested candidate list.

We compiled suggestions from our survey and created a reference pool database with the newly established 115 candidate sites.  Region, stream name, and location were recorded as well as any additional information such as geologic type and accessibility. 

Step 3: Determine human disturbance
Anthropogenic alteration within a watershed may have deleterious effects on a stream.  Because reference sites are used to compare with test sites, we incorporated a quantitative measurement of human disturbance into our selection process.  Road density, measured as miles of road per acre of land, served as our function of human impairment within each fifth-field watershed level. 

We agreed to sample 20 reference sites in 1998 as part of our Oregon Plan monitoring commitment.  We narrowed the list of 115 candidate sites using ArcView GIS to measure human disturbance as road densities.  The State Service Center for GIS and Defenders of Wildlife provided us with data and the GIS coverages necessary to determine road densities within our project area.  We calculated road densities for 168 fifth-field watersheds, covering our entire project area and including all potential candidate stream sites.   

The 168 fifth field watersheds were split out by subregion as follows: 18 in the “North Coast” region, 28 in the “Mid Coast” region, 93 in the “South Coast” region, and 29 in the “Lower Columbia” region.  

We analyzed the road density data, selected the least roaded areas, and mapped the results.  Then we used the top 25% least-roaded watersheds relative to each subregion, to serve as a filter and reduce our candidate reference site list (Figure 2). The candidate streams were also mapped using georeferenced layers.  The candidate site list layer was superimposed onto the 25% least roaded watersheds to establish where overlap occurred.  Our mapping exercise targeted 31 sites that fell within the least roaded watersheds.  Out of the 115 candidate sites, we winnowed our list to 31 reference sites based on our human disturbance filter. 

Step 4: Establish classes for reference sites
Creating a stratification scheme based on defined criteria allowed us to distinguish groups of sites from one another. In order to compare test sites with reference sites, we set up classes that were based on three categories including: regional location, elevation, and stream size. Regional location was established by reporting unit and included: the North Coast, Mid Coast, South Coast, and Lower Columbia. The elevation criteria was divided into two classes: above and below 500 feet of elevation.  We used small, medium, and large to designate stream size classes within our matrix.  Stream size was specific to each region and based on rainfall and drainage area (See Table below).  As shown in Table 1, 24 classes were created to categorize streams for reporting purposes.  
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Over the past several years, the biomonitoring section has sampled about 100 streams throughout the Oregon Coast Range.  Some of these sites were characterized as meeting reference condition. These previous stream surveys provided data for 35 reference sites, which we placed into the database.  The historical reference sites covered only 13 of the 24 classes we created.  

The 20 reference sites we selected from this year were added to our reference site pool. We wanted to fill empty classes in our historical reference site database and to do so we calculated the elevation and drainage area of all 31 reference site candidates. 

We used USGS Topographic maps on CD-ROM , a digital mapping technology created by MapTech*, to determine stream site elevation and drainage area (Figure 3).  After we entered latitude and longitude coordinates, the software selected the correct 7.5 minute quadrangle map based on the site location.  We were then able to click on the site location and determined the exact elevation in feet.  

Drainage area was calculated by navigating the cursor around the perimeter of the stream catchment.  At each elevation contour line, we created a vertex and followed the ridge lines until we encompassed the entire watershed.  The digital mapping software produced the area in hectares, which we converted to acres in order to determine which class the potential site fit into.  

At this point all the information we needed to choose our final reference sites had been gathered.  We looked at our table of existing reference sites (Table 2) and determined we needed small high and low elevation streams in the North Coast and South Coast region, medium low elevation streams in the Mid Coast region, and any stream in the Lower Columbia region. We also determined the number of reference sites we needed within each class: five sites in the North Coast, three sites in the Mid Coast, nine sites in the South Coast, and three sites in the Lower Columbia.  Table 3 shows the class breakdown of 1998 reference sites. Our class structure accomplished two things: (1) we reduced the 31 candidate sites to 20 sites we needed for this year; and (2) enhanced our reference site pool database we already started before this project. 

Step 5: Conduct field reconnaissance
Biomonitoring staff verified reference site conditions over a two-week period in June.  Aquatic biologists visited all 20 sites and assessed them to ensure the stream attained reference condition.  Scientists evaluated each reference site including walking 200 meters in the stream, observing riparian vegetation, and recording any watershed information that would remove the reference site from the list.  If reference conditions were met, then we accepted the reference site, and deployed a temperature autologger for continuous temperature collection through the summer.  If reference conditions were not met, then the candidate reference site was rejected and DEQ field staff selected another suitable site within proximity to the rejected site that still met our reference condition criteria.  

Step 6: Evaluate biological health
In the final step of our reference site selection process, we evaluated the biological health of each stream segment.  Field stream assessment was conducted from July through October 1998.  Data were gathered for several parameters including: water chemistry, stream habitat, macroinvertebrates, and fish.  The DEQ field crews spent ten hour days collecting extensive environmental data, recording land use observations, and quantifying vegetation information to thoroughly evaluate all 20 reference sites.   We used biological community data to validate our computer generated reference sites as meeting reference condition.   

Conclusions

The six-step reference site selection process worked well for DEQ in 1998.  After the field season, personnel examined the six step approach and determined that it was a success.  Some slight modifications might be necessary in the future to ensure that we continue to select high quality reference sites.   

ArcView GIS Mapping.

Defining areas on maps proved to be a successful exercise that provided a framework for the other five steps in the site selection process.  Having maps available allowed us to focus on whom to survey for a geographical area, what stratification of sites was needed for a particular subregion, and what was the relative human impact on sites within a particular subregion.

Creating maps with ArcView GIS software was an efficient way to visually represent our project.  Several researchers were involved with this project and the maps provided an excellent way to divide up duties based on region.  Several tasks were completed simultaneously that might not have been possible without the maps.  

Survey Process.

Our project area covered approximately 45,000 square miles.  Therefore, surveying professionals throughout the state enabled us to focus on the highest quality streams without spending great resources to scour the state in search of candidate reference sites.  Each survey took approximately 30 minutes to complete and we were able to quickly establish a candidate list and move on to the next step in the selection process.  
Evaluation of Human Modifications.

Although there are many ways to evaluate human modifications that may impact stream quality, the road density measurement provided us with a numerical way of ranking watersheds with candidate stream sites.  Considering that there was a limited amount of time to select reference sites (1 month), choosing road density as a function of human impairment worked well for us.  This step in the reference site selection process required the greatest amount of time to complete.  Personnel spent a considerable amount of time gathering the appropriate data, filtering the information, and producing maps that helped select sites.  However, this template for selection is now complete and can be utilized throughout the life of the Oregon Plan project.  We hope to incorporate several other indicators of human disturbance in the future including: land use patterns, road/stream crossings, and historical uses within the watershed.  

Established classes for reference sites.
Stratifying our reference sites based on geographic region, elevation, and stream size allowed us to assess stream conditions on a scale smaller than our entire project area.  The four geographic regions we described (North Coast, Mid Coast, South Coast, Lower Columbia) were based on reporting unit.  We realized that there are multiple ecoregions within each of our sub regions; however, for reporting purposes, we only had enough reference sites to discuss these 4 large areas.  In the future as our reference site database gets more robust, we will be able to describe stream conditions on an even smaller scale.  The elevation component was divided into two classes (above and below 500 ft) based on major land use changes.  Preliminary results show that macroinvertebrate communities respond to elevation differences.  Stream classes were based on drainage areas and average annual flows and described in the Oregon Forest Practices Act.  Fish communities and water chemistry results varied with stream size.  

Field reconnaissance.

The field reconnaissance portion of our selection process allowed us to remove any reference sites selected by the computer that did not meet reference quality.  When biologists examined the potential reference sites, 80% were determined as meeting the high quality criteria. We removed three sites from the list because they were deemed too disturbed.  Field personnel chose three new sites, within the same region, to make up for the removed sites. 

Biological data.

We have processed some of our field data; preliminary assessment results show that reference sites were high quality streams.  Vertebrate data from 1998 was dominated by sensitive coldwater taxa including: salmonids, pacific giant salamanders, and tailed frogs.  Initial habitat measurements also indicated high quality streams with extensive riparian vegetation, complex stream morphology, and plentiful large woody debris.  We are currently analyzing water chemistry and macroinvertebrate community data; however, initial field investigations yielded excellent water quality conditions and sensitive macroinvertebrate taxa.  All components of field evaluations support that the streams selected met reference condition.

Future Considerations

Although the reference site selection process we used worked well, there are a few factors that should be addressed.  First, there are several other indicators of humans disturbance that were not incorporated for 1998 such as land use patterns, road crossings, and historical land uses.  Using these indicators would allow us to further refine our selection process.  Second, the road density measure we used to represent human impairment was only measured at the fifth field watershed level.  Calculating disturbance at a smaller scale might give more insight into the subtle differences between watersheds.  Third, if we created a more detailed set of questions for surveying professionals, it would speed up our selecting process by giving us more pertinent information about stream quality. 

We recommend the use of our six-step selection process in the future with specific modifications mentioned above.  We felt that it saved staff time, incorporated important and necessary information about streams, and provided an efficient way to select sites within a large area of Oregon.  
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[image: image10.wmf]Classifications derived from annual precipitation and drainage area tables.  
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[image: image11.wmf]Table 1 - Twenty four stream classes based on elevation, regional location, and stream size.  
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Figure 3 – Drainage area and elevation calculation map.

[image: image12.wmf]Table 2 - Breakdown of existing reference sites (previous to 1998) based on class.    
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[image: image13.wmf]Table 3 - Breakdown of 1998 reference sites (20 sites) based on class.      
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Introduction
This report examines macroinvertebrate data collected from three monitoring programs covering the Oregon Coast Range over the period 1991 to 1997.  Its principle objective is to present an overview of biological data currently held by the DEQ Laboratory for this ecoregion.  Because information has been drawn from projects with somewhat differing objectives, as well as differing collection protocols, some of the analysis presented below should be viewed cautiously.  In the text that follows the reader will find a number of caveats to keep in mind.

Projects, Survey Sites and Sampling Schedules
Table 1 presents a list of sites and their locations grouped according to watershed.  Also indicated in the table is the sites' project membership, descriptions of which are given below.  Site locations are mapped in Figure 1.

Oregon Coast Range Subecoregion Reference Site Study 

The main objective of this study was to locate and characterise the condition of reference streams in the Oregon Coast Range following the ecoregion stratification approach developed by Omernick (EPA Research Laboratory).  Thirty four reference sites were sampled over a three year period (1992 - 94).  An additional set of sites not necessarily considered to be in reference condition were also sampled in 1994.  For the most part, sampling was conducted in the months of July and August.  A handful of sites were sampled during October (see Table 1).

Data collected in 1992 cannot be used in a numerically meaningful fashion due to a change in macroinvertebrate subsampling method that took place the following year.  If a need arises, qualitative interpretation of the 1992 data set is possible but this is not undertaken here.  The Subecoregion study forms the core of the current macroinvertebrate assessment model known as BORIS (Benthic evaluation of ORegon rIverS. Canale, 1999).  BORIS is a predictive multivariate model which follows the RIVPACS approach (see Moss et. al., 1987 & Wright et. al., 1984 for a description of RIVPACS) .

REMAP - Coast Range

The Regional Environmental Monitoring and Assessment Program for the Oregon Coast Range was an EPA funded assessment of stream macroinvertebrate, vertebrate and habitat status.  Fifty eight wadable first through third order streams were randomly selected and visited in 1994 and 95.  A subset of streams has been incorporated as reference sites into BORIS.  The REMAP sites were resampled in 1996 in response to the extensive flood events that occurred in late winter/early spring of that year.  Data from 1996 has not yet been analysed and so is not considered in this report.  Sampling in all years took place during the months of July through September.

Tillamook NPS

In June 1997, ten stream reaches were selected in the Tillamook basin for biological assessment and evaluation.  The streams were selected to provide a range of conditions from agricultural and urban influenced areas.  The objective was to gather an initial set of background data from low gradient valley streams and determine if differences in BMP’s and land use would be reflected in the biological condition of the streams.

Table 1. Site Locations














Site Name
Storet
Elev
County
USGS HUC
Latitude
Longitude
Project
Watershed
Date1
Ref Cat2
Ref Grp3



(ft)







































BIG CREEK AT RM 2.9
405098
100
Clatsop
17080006
46 09 04
123 35 08
REMAP
Lower Columbia
8-Sep-94






S.F. GOBLE CREEK AT RM 0.9
405270
250
Columbia
17080003
45 59 30
122 53 47
REMAP
Lower Columbia
21-Jul-95
6-Sep-95





LOOWIT CREEK - LOWER
405060
600
Clatsop
17080006
46 01 18
123 49 31
Subecoregion
Lewis & Clark (L. Columbia)
23-Aug-94






LOOWIT CREEK - UPPER
405061
600
Clatsop
17080006
46 01 17
123 49 31
Subecoregion
Lewis & Clark (L. Columbia)
25-Aug-94






SHWEEASH CREEK
405062
600
Clatsop
17080006
46 01 12
123 50 32
Subecoregion
Lewis & Clark (L. Columbia)
24-Aug-94






Fox Creek - Lower
405065
525
Clatsop
17080006
46 00 04
123 42 09
Subecoregion
Youngs (Lower Columbia)
25-Aug-94






Fox Creek @ RM 0.6 (upper site)
405624
600
Clatsop
17080006
45 59 57
123 42 04
Subecoregion
Youngs (Lower Columbia)
25-Aug-94






Rock Creek - Lower
405064
720
Clatsop
17080006
45 59 30
123 44 32
Subecoregion
Youngs (Lower Columbia)
24-Aug-94






Rock Creek - Upper
405063
800
Clatsop
17080006
45 59 16
123 44 53
Subecoregion
Youngs (Lower Columbia)
24-Aug-94






DART CREEK AT RM 3.7
405027
360
Columbia
17090012
45 53 23
123 51 44
REMAP
Lower Willamette
18-Jul-94
19-Aug-94
9-Sep-94




DART CREEK AT RM 3.7
405027
360
Columbia
17090012
45 53 23
123 51 44
REMAP
Lower Willamette
22-Jun-95
28-Jul-95





















Roaring Cr. 300 ft U/S City water intake
404950
480
Washington
17090010
45 34 02
123 15 14
Subecoregion
Tualatin
24-Oct-94



A
1

Clear Cr. U/S Thomas Cr.
404531
360
Washington
17090010
45 33 57
123 14 15
Subecoregion
Tualatin
28-Sep-92
30-Aug-93


B
1

WILLIAMS CANYON CREEK AT RM 1.8
405274
270
Yamhill
17090010
45 24 47
123 11 36
REMAP
Tualatin
19-Sep-95






















FISHHAWK CREEK AT RM 1.7
405073
505
Columbia
17100202
46 00 32
123 21 16
REMAP
Nehalem
7-Sep-94






UNAMED TRIB ENTERING NEHALEM R AT RM 70.54
405275
530
Columbia
17100202
45 59 54
123 16 39
REMAP
Nehalem
18-Sep-95






N.F. NEHALEM RIVER AT RM 13.1
405276
310
Clatsop
17100202
45 48 28
123 44 02
REMAP
Nehalem
20-Sep-95






Salmonberry Rv. @ mouth
404538
581
Tillamook
17100202
45 45 01
123 39 06
Subecoregion
Nehalem
29-Sep-92






Lousignot Cr. @ RM 3.0
404532
1181
Washington
17100202
45 44 02
123 20 20
Subecoregion
Nehalem
29-Sep-92






E. Foley Cr. @ RM 2.5
404533
321
Tillamook
17100202
45 40 00
123 48 43
Subecoregion
Nehalem
30-Sep-92
31-Aug-94


B
1

















Kilchis Rv. @ RM 8.5
405022
140
Tillamook
17100203
45 34 02
123 47 40
REMAP
Kilchis
7-Jul-94






CLEAR CREEK AT SECOND BRIDGE
405587
110
Tillamook
17100203
45 31 16
123 40 02
Tillamook
Kilchis
19-Jun-97






MURPHY CREEK AT CURL ROAD (D/S LANDOLT FARM)
412250
35
Tillamook
17100203
45 30 32
123 50 05
Tillamook
Kilchis
19-Jun-97






















FALL CREEK AT RM 0.7
405021
400
Tillamook
17100203
45 29 42
123 35 18
REMAP
Wilson
6-Jul-94






Little Nth Fk Wilson Rv @ RM 1.5
404534
249
Tillamook
17100203
45 28 52
123 43 56
Subecoregion
Wilson
30-Sep-92






















Table 1. Site Locations (cont.)














Site Name
Storet
Elev
County
USGS HUC
Latitude
Longitude
Project
Watershed
Date1
Ref Cat2
Ref Grp3



(ft)







































BEAVER CREEK 1/4 MILE UP WESTWOOD DRIVE
405578
100
Tillamook
17100203
45 28 52
123 47 49
Tillamook
Wilson
25-Jun-97






BEAVER CREEK AT BARKER DAIRY (D/S CULVERTS)
405584
20
Tillamook
17100203
45 28 37
123 47 59
Tillamook
Wilson
19-Jun-97






















M.F./N.F. TRASK RIVER AT RM 3.0
405278
1120
Washington
17100203
45 27 54
123 26 09
REMAP
Trask
26-Sep-95






HOLDEN CREEK AT MCCORMACK LOOP ROAD
412194
35
Tillamook
17100203
45 27 15
123 48 00
Tillamook
Trask
18-Jun-97






HOLDEN CREEK AT MILLER STREET
412196
15
Tillamook
17100203
45 26 59
123 50 15
Tillamook
Trask
18-Jun-97






Mill Cr. @ RM 1.0
405096
20
Tillamook
17100203
45 25 31
123 47 33
REMAP
Trask
19-Sep-94






MILL CREEK NEAR ALCOVE (JUST D/S ELK CR.)
405583
60
Tillamook
17100203
45 25 15
123 47 05
Tillamook
Trask
17-Jun-97






MILL CREEK AT BRICKYARD ROAD
412224
75
Tillamook
17100203
45 25 00
123 46 39
Tillamook
Trask
18-Jun-97






















ANDERSON CREEK @ HWY. 101
405648
15
Tillamook
17100203
45 25 10
123 49 29
Tillamook
Tillamook
17-Jun-97






DRAINAGE DITCH AT SO. PRAIRIE SCHOOL- PORT OF TB
405582
35
Tillamook
17100203
45 24 33
123 48 59
Tillamook
Tillamook
17-Jun-97






BEWLEY CREEK AT RM 0.3
412212
10
Tillamook
17100203
45 24 12
123 49 48
REMAP
Tillamook
20-Sep-94






















East Cr. U/S @ East Cr. Rd.
404537
472
Tillamook
17100203
45 18 43
123 39 51
Subecoregion
Nestucca
2-Oct-92
31-Aug-94


B
1

Bear Cr. @ RM 1.8 (upper)
404450
1200
Tillamook
17100203
45 18 25
123 34 57
Subecoregion
Nestucca
10-Sep-91
9-Apr-92
27-Oct-92
27-Oct-93



Bear Cr. @ RM 0.15 (lower)
404451
800
Tillamook
17100203
45 16 14
123 34 27
Subecoregion
Nestucca
10-Sep-91
9-Apr-92
2-Oct-92
27-Oct-93



JOES CREEK AT RM 0.5
405279
1320
Tillamook
17100203
45 18 06
123 32 47
REMAP
Nestucca
27-Sep-95






Powder Cr. @ RM 0.95 (lower)
404456
561
Tillamook
17100203
45 14 38
123 40 18
Subecoregion
Nestucca
18-Sep-91
17-Apr-92
27-Oct-92
26-Oct-93
B
1

Powder Cr. @ RM 1.45 (upper)
404455
600
Tillamook
17100203
45 14 35
123 40 40
Subecoregion
Nestucca
18-Sep-91
27-Oct-92
26-Oct-93

A
1

Neskowin Cr. U/S Hwy 12
404535
79
Tillamook
17100203
45 03 31
123 53 38
Subecoregion
Neskowin (Nestucca)
1-Oct-92
1-Sep-94


A
1

















UNAMED TRIB ENTERING PANTHER CREEK AT RM 14
405272
1260
Yamhill
17090008
45 17 46
123 22 38
REMAP
Yamhill (North Fork)
28-Sep-95






CEDAR CREEK AT RM 0.6
405273
470
Yamhill
17090008
45 05 31
123 41 46
REMAP
Yamhill (South Fork)
20-Jul-95
31-Aug-95





AGENCY CREEK AT RM 0.2
405041
340
Polk
17090008
45 04 32
123 37 08
REMAP
Yamhill (South Fork)
22-Aug-94






Rock Cr. @ RM 1.4
405023
350
Polk
17090008
45 03 17
123 37 14
REMAP
Yamhill (South Fork)
11-Jul-94
11-Aug-94
14-Sep-94




Unnamed Trib entering Rock Cr.4
405039
440
Polk
17090008
45 02 54
123 36 15
REMAP
Yamhill (South Fork)
11-Aug-94






















Table 1. Site Locations (cont.)














Site Name
Storet
Elev
County
USGS HUC
Latitude
Longitude
Project
Watershed
Date1
Ref Cat2
Ref Grp3



(ft)







































Deer Cr. U/S experimental forest HQ
404536
358
Lincoln
17100204
45 02 06
123 54 30
Subecoregion
Salmon (Siletz)
1-Oct-92
1-Sep-94


B
1

SALMON RIVER AT RM 21.0
405280
1500
Polk
17100204
45 00 55
123 43 18
REMAP
Salmon (Siletz)
7-Aug-95
22-Sep-95





Steer Creek - Upper
405056
720
Lincoln
17100204
44 44 14
123 37 37
Subecoregion
Siletz
17-Aug-94






Steer Creek - Lower
405057
400
Lincoln
17100204
44 43 35
123 39 29
Subecoregion
Siletz
18-Aug-94






Brush Creek
405059
440
Lincoln
17100204
44 40 54
123 39 56
Subecoregion
Siletz
19-Aug-94






















Yaquina R. @ Harmsen Rd
405058
751
Benton
17100204
44 43 36
123 39 34
Subecoregion
Yaquina
18-Aug-94



B
1

YAQUINA RIVER U/S OF EDDYVILLE RM 34.1
405072
90
Lincoln
17100204
44 39 08
123 45 13
REMAP
Yaquina
31-Aug-94






YAQUINA RIVER AT EDDYVILLE RM 32.0
405044
60
Lincoln
17100204
44 38 07
123 46 29
REMAP
Yaquina
30-Aug-94






















TROUT CREEK AT RM 0.2
405281
70
Lincoln
17100205
44 28 08
123 57 34
REMAP
Alsea
8-Aug-95



B
1

DRIFT CREEK AT RM 7.3
405282
20
Lincoln
17100205
44 27 16
123 57 50
REMAP
Alsea
9-Aug-95






Lint Cr. @ RM 3.14
405043
40
Lincoln
17100205
44 23 52
123 03 32
REMAP
Lint (Alsea)
26-Aug-94






HONEY GROVE CREEK AT RM 1.2
405093
500
Benton
17100205
44 23 13
123 33 48
REMAP
Alsea
12-Sep-94






Peak Cr. @ RM 3.5
404542
1181
Benton
17100205
44 21 22
123 29 03
Subecoregion
Alsea
30-Sep-92






Cummins Cr. D/S trailhead
404541
30
Lane
17100205
44 16 02
124 06 01
Subecoregion
Cummins (Alsea)
30-Sep-92
16-Aug-93


A
1

TENMILE CREEK AT USFS TENMILE CREEK CAMPGROUND
405283
310
Lane
17100205
44 12 50
124 00 40
REMAP
Tenmile (Alsea)
19-Jul-95
30-Aug-95


B
1

Ten Mile Cr. 300 m U/S campground
404540
426
Lane
17100205
44 12 47
124 00 26
Subecoregion
Tenmile (Alsea)
29-Sep-92






CULLEN CREEK AT RM 0.3
405042
1040
Lane
17100205
44 12 11
123 56 57
REMAP
Tenmile (Alsea)
25-Aug-94






Rock Cr. @ RM 1.5
404539
98
Lane
17100205
44 11 12
124 06 21
Subecoregion
Rock (Alsea)
29-Sep-92






















Greenleaf Cr. @ RM 4.0
404544
899
Lane
17100206
44 09 40
123 38 13
Subecoregion
Siuslaw
1-Oct-92
17-Aug-93


B
1

Fish Cr. @ RM 2.5
404543
850
Lane
17100206
44 08 32
123 33 38
Subecoregion
Siuslaw
1-Oct-92
18-Aug-93


B
2

EAMES CREEK AT RM 4.8
405285
1040
Lane
17100206
43 58 53
123 25 47
REMAP
Siuslaw
10-Aug-95






UNAMED TRIB ENTERING BERNHARDT CREEK AT RM 3.0
405284
180
Lane
17100206
43 57 48
123 58 16
REMAP
Siuslaw
16-Aug-95






Whittaker Cr. U/S Whittaker Cr. Rd.
404820
1575
Lane
17100206
43 57 37
123 41 30
Subecoregion
Siuslaw
30-Jul-93



C
2

UNAMED TRIB ENTERING WOLF CREEK AT RM 13.5
405286
640
Lane
17100206
43 56 09
123 30 34
REMAP
Siuslaw
17-Aug-95






Haskins Cr. @ RM 0.1
404865
580
Lane
17100206
43 53 48
123 35 22
Subecoregion
Siuslaw
19-Aug-93



C
2

Hawley Cr. two miles up Hawley Cr. Rd.
404866
770
Lane
17100206
43 51 23
123 11 57
Subecoregion
Siuslaw
20-Aug-93



B
2

SOUTH FORK SIUSLAW RIVER AT RM 2.3
405034
680
Lane
17100206
43 48 20
123 13 41
REMAP
Siuslaw
3-Aug-94






Table 1. Site Locations (cont.)














Site Name
Storet
Elev
County
USGS HUC
Latitude
Longitude
Project
Watershed
Date1
Ref Cat2
Ref Grp3



(ft)







































LONG TOM RIVER AT RM 48.5
405271
510
Lane
17090003
44 08 20
123 26 22
REMAP
Long Tom(Upper Willamette)
14-Sep-95






FOX HOLLOW CREEK AT RM 1.3
405033
540
Lane
17090003
43 55 17
123 13 60
REMAP
Long Tom(Upper Willamette)
2-Aug-94






















N.F. SMITH RIVER AT RM 23.0-1500' U/S NF FALLS
405288
980
Douglas
17100303
43 56 02
123 48 49
REMAP
Smith (Lower Umpqua)
24-Aug-95






SMITH RIVER AT RM 81.3
405038
760
Douglas
17100303
43 47 01
123 25 34
REMAP
Smith (Lower Umpqua)
10-Aug-94






Harvey Cr. @ RM 0.5
404861
35
Douglas
17100303
43 41 24
123 56 39
Subecoregion
Lower Umpqua
17-Aug-93



A
2

Franklin Cr. @ RM 1.0
404860
40
Douglas
17100303
43 40 09
123 54 34
Subecoregion
Lower Umpqua
16-Aug-93



A
2

UNNAMED TRIB OF WEST FORK LAKE CREEK AT RM 1.0
405037
440
Douglas
17100303
43 31 00
123 51 45
REMAP
Lower Umpqua
9-Aug-94






Yellow Cr. @ RM 3.9
404864
550
Douglas
17100303
43 30 47
123 25 52
Subecoregion
Lower Umpqua
19-Aug-93



B
2

COX CREEK AT RM 0.34
405036
850
Douglas
17100303
43 37 57
123 12 41
REMAP
Elk (Lower Umpqua)
4-Aug-94






ELK CREEK AT RM 34.24
405035
380
Douglas
17100303
43 37 39
123 13 08
REMAP
Elk (Lower Umpqua)
3-Aug-94






CABIN CREEK AT RM 5.6
405289
570
Douglas
17100303
43 30 06
123 19 04
REMAP
Calapooya (Lower Umpqua)
27-Jul-95






Bachelor Cr. @ RM 2.6
404863
520
Douglas
17100303
43 28 53
123 13 59
Subecoregion
Calapooya (Lower Umpqua)
19-Aug-93



B
2

OLALLA CREEK AT RM 11.6
405287
750
Douglas
17100302
43 02 36
123 32 22
REMAP
South Umpqua
31-Jul-95
13-Sep-95





BEALS CREEK AT RM. 0.6
405024
820
Douglas
17100302
42 56 38
123 10 12
REMAP
South Umpqua
12-Jul-94






















BENSON CREEK AT RM 5.0
405290
180
Coos
17100304
43 34 28
124 01 26
REMAP
Tenmile Lake (Coos)
15-Aug-95






ELK CREEK AT RM 3.0
405032
1120
Coos
17100304
43 33 36
123 56 25
REMAP
West Fork Millicoma (Coos)
28-Jul-94
18-Aug-94
13-Sep-94




ELK CREEK AT RM 3.0
405032
1120
Coos
17100304
43 33 36
123 56 25
REMAP
West Fork Millicoma (Coos)
3-Aug-95
29-Aug-95





WEST FORK MILICOMA R ST RM 22.5
405031
680
Coos
17100304
43 33 17
123 57 32
REMAP
West Fork Millicoma (Coos)
27-Jul-94






Palouse Cr. U/S of old beaver dam (RM 6.7)
404826
80
Coos
17100304
43 30 59
124 06 35
Subecoregion
Coos Bay
30-Jul-93



B
2

METTMAN CREEK AT RM 0.54
405045
15
Coos
17100304
43 26 14
124 09 51
REMAP
Coos Bay
26-Jul-94






MORGAN CREEK AT RM 1.5
405291
60
Coos
17100304
43 20 00
124 04 16
REMAP
South Fork Coos
2-Aug-95






PANTHER CREEK AT RM 4.6
405030
2040
Douglas
17100304
43 15 28
123 35 44
REMAP
South Fork Coos
21-Jul-94






WILLIAMS RIVER AT RM 19.2
405025
1400
Douglas
17100304
43 12 20
123 38 02
REMAP
South Fork Coos
13-Jul-94






HONCHO CREEK AT RM 1.24
405040
1060
Coos
17100305
43 15 59
123 53 33
REMAP
North Fork Coquille (Coos)
17-Aug-94






MIDDLE CREEK AT RM 1.64
405029
29
Coos
17100305
43 09 48
124 02 46
REMAP
North Fork Coquille (Coos)
20-Jul-94






EAST FORK COQUILLE R. TRIBUTARY @ RM 0.8
405028
1580
Coos
17100305
43 09 39
123 48 17
REMAP
East Fork Coquille (Coos)
19-Jul-94






Camas Cr. U/S Camas Cr. Rd (lower)
404819
640
Coos
17100305
43 08 55
123 49 27
Subecoregion
East Fork Coquille (Coos)
29-Jul-93



C
2

















Table 1. Site Locations (cont.)














Site Name
Storet
Elev
County
USGS HUC
Latitude
Longitude
Project
Watershed
Date1
Ref Cat2
Ref Grp3



(ft)







































Camas Cr. @ RM 3.6 (upper)
404862
1080
Coos
17100305
43 07 08
123 48 05
Subecoregion
East Fork Coquille (Coos)
18-Aug-93



B
2

EAST FORK COQUILLE RIVER AT RM 26
405026
980
Coos
17100305
43 08 49
123 46 42
REMAP
East Fork Coquille (Coos)
14-Jul-94



B
3

FISHTRAP CREEK AT RM 1.4
405292
20
Coos
17100305
43 06 58
124 12 54
REMAP
Lower Coquille
18-Jul-95
23-Aug-95





















Butler Cr @ RM 2.1
405293
830
Curry
17100306
42 44 55
124 16 41
REMAP
Elk (Sixes)
12-Sep-95



A
3

ELK RIVER AT RM 24.0
405294
550
Curry
17100306
42 43 07
124 16 30
REMAP
Elk (Sixes)
25-Jul-95



B
3

















TWOMILE CREEK AT RM 0.2
405014
200
Curry
17100310
42 36 50
124 03 59
REMAP
Lower Rogue
22-Jun-94






LOBSTER CREEK AT RM 6.2
405295
290
Curry
17100310
42 34 31
124 15 32
REMAP
Lobster (Lower Rogue)
12-Jul-95
22-Aug-95


B
3

Shasta Costa Cr. Sth USFS Rd. #23
404824
160
Curry
17100310
42 34 15
124 02 22
Subecoregion
Lower Rogue
29-Jul-93



B
3

Quosatana Cr. U/S USFS Rd. #33
404825
80
Curry
17100310
42 29 17
124 13 53
Subecoregion
Lower Rogue
29-Jul-93



B
3

Lawsen Cr. west of USFS Rd. #400
404823
600
Curry
17100311
42 29 16
124 05 18
Subecoregion
Illinois (Lower Rogue)
28-Jul-93



A
3

Horse Sign Cr. D/S Pine Flat Cr.
404818
1400
Curry
17100311
42 27 28
124 02 58
Subecoregion
Illinois (Lower Rogue)
28-Jul-93






















Windy Cr. U/S USFS Rd. #1376
404822
2400
Curry
17100312
42 19 36
124 08 58
Subecoregion
Pistol (Chetco)
27-Jul-93






S.F. CHETCO RIVER AT RM 2.5
405296
320
Curry
17100312
42 11 26
124 05 27
REMAP
Chetco
11-Jul-95



A
3

EMILY CREEK AT RM 7.1
405013
1200
Curry
17100312
42 06 40
124 05 38
REMAP
Chetco
21-Jun-94






















E. Fk. Winchuck Rv. U/S Wheeler Cr. Rd.
404821
1500
Curry
17100312
42 02 56
124 05 24
Subecoregion
Winchuck (Chetco)
26-Jul-93



B
3

Nth Fk Smith Rv U/S Chrome Cr.


404817
1240
Curry
18010101
42 02 40
123 58 57
Subecoregion
Smith (Chetco)
27-Jul-93



B
3

1 Sites visited prior to 1993 not included in macroinvertebrate analysis due to incompatible subsampling procedure

2 Sites with an entry in this category form the Macroinvertebrate Reference Site Pool used in the model BORIS.  Codes reflect the following best professional judgement assessment:


A
Ideal watershed and stream condition, a wilderness area or watershed with virtually no human disturbance.

B
Good watershed and stream condition, some human disturbances but not widespread and/or best management practices are well implemented.

C
Marginal watershed and stream condition for a reference site.  Considerable human disturbance but the site was the best we could find.  May replace these streams if better quality reference sites are located.

3 Three Reference Community zones are identified in the BORIS model. They are:

1 North Coast Reference Group

2 Mid Coast Reference Group

3 South Coast Reference Group

4 No riffle sample collected at this site
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Figure 1.  Site Location

Methods

Macroinvertebrate Collections

In all cases apart from REMAP samples, macroinvertebrates were collected using the standard Level 3 DEQ assessment protocol (Hafele et. al., 1998).  Samples were taken using a D-frame kick net of 500 (m mesh size.  Two random kick samples were collected from each of two riffles.  These samples were composited, preserved in alcohol and returned to the laboratory where a 300 count sub-sample was sorted from the debris.  In the case of REMAP samples, macroinvertebrates were collected at randomly laid transects (for a complete description of REMAP protocols see Hayslip et. al., 1994).  The kicks from each transect were composited and 300 count subsamples removed from the debris.  Identification of macroinvertebrates was taken to best practical level, genus/species in most cases with certain groups such as the Chironomidae left at a higher taxonomic level.

Approximately 8 square feet of total stream bottom is disturbed using the standard Level 3 protocol.  In the REMAP approach between 2 and 22 square feet can be disturbed.  This unequal level of effort presents some problems for data analysis, a situation most critical for sites where the collection effort fell below the four kick level of the standard protocol.  Preliminary analysis indicates that a minimum of three kicks (i.e. three transects), are required for a valid comparison to be made against BORIS.  REMAP sites not meeting this three transect minimum are so noted below.

In almost all cases both riffle and pool habitats were sampled.  This report, however, only considers the riffle data set.  Pool data are available if required but for general assessment purposes only riffle data are used (in the case of REMAP this means that seven of the fifty eight sites cannot be assessed as no riffle collection was taken at that time - see Table 1).

Statistical Analysis

Ordinations

All ordinations and were generated using the software program PATN (Belbin, 1995).  This included both the development of the BORIS model and correlation analysis with environmental variables.  Ordinations were based upon Bray/Curtis dissimilarity measures generated from log transformed species data.  Correlations were identified through the PATN module Principal Components Correlation (PCC), whereby an overlay of vectors representing each parameter is placed over a species based ordination.  The direction and strength of these vectors is calculated through multiple regression of the environmental data in multidimensional species space.  A different protocol for stream habitat and water quality sampling was used with each of the projects outlined above.  Correlation analysis was thus confined to a common subset of available parameters.  A list of these parameters is given in Appendix 1.

Benthic evaluation of ORegon rIverS (BORIS)

The current version of BORIS distinguishes three broad Coast Range biological zones based upon the macroinvertebrate taxa collected at the reference sites listed above.  These three zones can be thought of in terms of a North, Mid and South Coast reference community (Figure 2).  As more reference site data are added to the model it is envisaged that further communities might be distinguished based upon environmental parameters such as stream size, elevation and gradient or even specific basins.  For the moment these three reference zones fall out around the 44.5 & 43rd latitude.
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Figure 2.  Oregon Coastal Reference Sites

When a site is assessed using BORIS, its taxa are compared directly against a reference condition.  Computationally, all reference sites from all groups are used in the comparison, however, a series of probability based weights are used to attenuate the influence of each reference site such that the reference group to which the site would most likely belong (in the absence of impairment), dominates the assessment.  In most cases a single reference group dominates the comparison while in a few cases two reference groups might be used sub-equally when the site falls transitionally between two zones.  For a detailed description of the development and application of BORIS see Canale (1999).

The score a site receives is simply the ratio of taxa that was actually found to that predicted by the model.  The mean score of reference sites in the model is 1.0 and this is used as a benchmark or target level, indicative of reference condition.  Assessment scores typically range from 0.0 to 1.0, although it is possible for a site to score greater than 1.0.  This would rate it in better biological condition than the mean of reference sites.  A sample list of predicted taxa is given in Appendix 2.

Progressive deviations from 1.0 indicate progressive levels of impairment.  In BORIS, a confidence limit of 95% (1.96 X standard deviation of reference site scores) is used for a determination of impairment.  Further levels of impairment are assigned incrementally.    Impairment categories for the current model are presented in Table 2.  This approach follows Reynoldson et. al. (1997), and aims to incorporate normal variation in reference condition into decision criteria.

Table 2.  Impairment Categories (BORIS)





Category

Score









No impairment detected
>0.72       
(< 1.96 X Std. dev. ref. site scores)

Moderate impairment 
0.44 - 0.72
(1.96 - 3.92 X Std. dev. ref. site scores)

Severe impairment
<0.44
(> 3.92 X Std. dev. ref. site scores)





An examination of replicate samples taken from the Grande Ronde basin suggests that at a confidence interval of 95%, an error of (0.08 should be applied to scores generated by the current version of BORIS (Canale, 1998).  A similar replicate data set does not exist for the Coast Range and so the Grande Ronde work is used as a guide to overall precision of the current model.

The impairment categories shown in Table 2 represent a conservative approach to macroinvertebrate community assessment.  Given the broad based approach employed for reference site selection (whereby, in certain circumstances, even sites under obvious human influence were included in the reference pool), it is more likely that a site will be incorrectly assigned as unimpaired than the reverse case.
Results & Discussion

As indicated above, BORIS is a predictive model.  To score well a sample must contain a high proportion of the predicted taxa.  For a site to fail to be assigned to the "No Impairment Detected" category, it must score 0.72 or less (i.e. 72% or less of the taxa predicted by the model was actually found at the site).  For the most part there is a high degree of consistency in the taxa found at sites with similar scores.  That is, the same type of taxa tend to be absent in areas with similar levels of disturbance.  For example, it is the more sensitive Stoneflies which tend to be the taxa absent at sites showing slight impairment, followed by Caddis and Mayflies and then other taxonomic groups as conditions continue to deteriorate.  An examination of the predicted taxa missing from a site can lead to an appreciation of the environmental factors causing the decline.

In the discussion which follows, sites are grouped according to "most likely" reference zone membership (as indicated above, a few sites may actually be transitional between reference zones).  Furthermore, within each assessment category, certain sites are flagged to indicate that they may in fact belong to the category directly above or below given the (0.08 precision level discussed above.  For sites with no specific sampling date, only a stated year, scores represent an average of two or more visits for that year.  Figure 3 presents all sites grouped according to assessment category.

North Coast Reference Zone

Sites with No Impairment Detected

Of the 57 sites located within this reference zone, 35 have been assigned to this category (Table 3).  This includes 13 sites that form the North Coast Reference Group within the BORIS model.

Seven sites that meet the No Impairment Detected criteria have scores close enough to the cut off level that they could possibly be more correctly assigned to the Moderately Disturbed group.  A perusal of taxa from these sites finds that the following, although commonly found at more highly scoring sites, tend to be rare or not found at all amongst these seven sites: Drunella doddsi, Cinygmula, Ironodes, Capniidae, Zapada Oregonensis Grp., Doroneuria, Hesperoperla, Rhyacophila Brunnea Grp. and, Rhyacophila Hyalinata Grp.  These taxa are all EPT (belonging to one of the following orders of Mayflies - Ephemeroptera; Stoneflies - Plecoptera; or Caddisflies - Trichoptera), and are indicative of streams in good condition.

Moderately Impaired Sites

Fourteen sites have been assigned to this category, (Table 4).  Taxa predicted by the model but not found at these sites continue to be centered on the EPT group and include: Diphetor hageni, Rhithrogena, Rhyacophila blarina, Hydropsyche and, Glossosoma.

Severely Impaired Sites

Eight sites have been assigned to this category, (Table 5).  These sites are so significantly impaired that even relatively tolerant taxa such as Simulium, Optioservus, Zaitzevia and, Paraleptophlebia were not collected there.
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Figure 3.  Stream Assessment using BORIS Model

 Table 3. Sites with No Impairment Detected - North Coast Reference Zone









Site Name
Storet
Elev
Project
Watershed
Year
Score



(ft)













Fox Creek @ RM 0.6 (upper site)
405624
600
Subecoregion
Youngs (Lower Columbia)
25-Aug-94
0.94

Fox Creek - Lower
405065
525
Subecoregion
Youngs (Lower Columbia)
25-Aug-94
0.91

Shweeash Creek
405062
600
Subecoregion
Lewis & Clark(Lower Columbia)
24-Aug-94
0.85

BIG CREEK AT RM 2.9
405098
100
REMAP
Lower Columbia
8-Sep-94
0.82

Louit Creek - Lower
405060
600
Subecoregion
Lewis & Clark(Lower Columbia)
23-Aug-94
0.82

Rock Creek - Upper1
405063
800
Subecoregion
Youngs(Lower Columbia)
24-Aug-94
0.79

LOOWIT CREEK - UPPER1
405061
600
Subecoregion
Lewis & Clark(Lower Columbia)
25-Aug-94
0.77

Rock Creek - Lower1
405064
720
Subecoregion
Youngs (Lower Columbia)
24-Aug-94
0.76









Roaring Cr. 300 ft U/S City water intake2
404950
480
Subecoregion
Tualatin
24-Oct-94
1.09

Clear Cr. U/S Thomas Cr. 2
404531
360
Subecoregion
Tualatin
30-Aug-93
0.88

E. Foley Cr. @ RM 2.52
404533
321
Subecoregion
Nehalem
31-Aug-94
0.88

N.F. NEHALEM RIVER AT RM 13.1
405276
310
REMAP
Nehalem
20-Sep-95
0.82

FALL CREEK AT RM 0.7
405021
400
REMAP
Wilson
6-Jul-94
0.85

M.F./N.F. TRASK RIVER AT RM 3.0
405278
1120
REMAP
Trask
26-Sep-95
0.88









Neskowin Cr. U/S Hwy 122
404535
79
Subecoregion
Neskowin(Nestucca)
1-Sep-94
1.15

Powder Cr. @ RM 1.45 (upper) 2
404455
600
Subecoregion
Nestucca
26-Oct-93
1.06

Bear Cr. @ RM 1.8 (upper)
404450
1200
Subecoregion
Nestucca
27-Oct-93
1.03

Powder Cr. @ RM 0.95 (lower) 2
404456
561
Subecoregion
Nestucca
26-Oct-93
1.00

East Cr. U/S @ East Cr. Rd. 2
404537
472
Subecoregion
Nestucca
31-Aug-94
0.97

JOES CREEK AT RM 0.5
405279
1320
REMAP
Nestucca
27-Sep-95
0.88

Bear Cr. @ RM 0.15 (lower) 1
404451
800
Subecoregion
Nestucca
27-Oct-93
0.79









UNAMED TRIB ENTERING PANTHER CREEK AT RM 14
405272
1260
REMAP
Yamhill (North Fork)
28-Sep-95
1.03

Rock Cr. @ RM 1.41
405023
350
REMAP
Yamhill (South Fork)
1994
0.80









Steer Creek - Lower
405057
400
Subecoregion
Siletz
18-Aug-94
1.15

Deer Cr. U/S experimental forest HQ2
404536
358
Subecoregion
Salmon(Siletz)
1-Sep-94
1.09

Steer Creek - Upper
405056
720
Subecoregion
Siletz
17-Aug-94
1.03

SALMON RIVER AT RM 21.0
405280
1500
REMAP
Salmon(Siletz)
1995
0.96

Brush Creek
405059
440
Subecoregion
Siletz
19-Aug-94
0.94

Yaquina R. @ Harmsen Rd2
405058
751
Subecoregion
Yaquina
18-Aug-94
1.25









CULLEN CREEK AT RM 0.3
405042
1040
REMAP
Tenmile(Alsea)
25-Aug-94
1.06

TENMILE CREEK AT USFS TENMILE CREEK CAMPGROUND2
405283
310
REMAP
Tenmile(Alsea)
1995
0.98

TROUT CREEK AT RM 0.22
405281
70
REMAP
Alsea
8-Aug-95
0.88

Cummins Cr. D/S trailhead1,2
404541
30
Subecoregion
Cummins(Alsea)
16-Aug-93
0.76

DRIFT CREEK AT RM 7.31
405282
20
REMAP
Alsea
9-Aug-95
0.73









Greenleaf Cr. @ RM 4.02
404544
899
Subecoregion
Siuslaw
17-Aug-93
1.03










1Possibly a Moderately Impaired Site.


2Reference Site.

Table 4. Moderately Impaired Sites - North Coast Reference Zone









Site Name
Storet
Elev
Project
Watershed
Date
Score



(ft)













DART CREEK AT RM 3.7
405027
360
REMAP 
Lower Willamette
1994/95
0.64

S.F. GOBLE CREEK AT RM 0.91,2
405270
250
REMAP 
Lower Columbia
1995
0.56









FISHHAWK CREEK AT RM 1.71,2
405073
505
REMAP 
Nehalem
7-Sep-94
0.48









Kilchis Rv. @ RM 8.53
405022
140
REMAP 
Kilchis
7-Jul-94
0.70

CLEAR CREEK AT SECOND BRIDGE
405587
110
Tillamook 
Kilchis
19-Jun-97
0.63

MURPHY CREEK AT CURL ROAD (D/S LANDOLT FARM) 1
412250
35
Tillamook
Kilchis
19-Jun-97
0.48









BEAVER CREEK 1/4 MILE UP WESTWOOD DRIVE
405578
100
Tillamook 
Wilson
25-Jun-97
0.63









MILL CREEK AT BRICKYARD ROAD3
412224
75
Tillamook
Trask
18-Jun-97
0.70

MILL CREEK NEAR ALCOVE (JUST D/S ELK CR.) 1
405583
60
Tillamook
Trask
17-Jun-97
0.48

Mill Cr. @ RM 1.01,2
405096
20
REMAP
Trask
19-Sep-94
0.48









BEWLEY CREEK AT RM 0.31,2
412212
10
REMAP 
Tillamook
20-Sep-94
0.45









AGENCY CREEK AT RM 0.2
405041
340
REMAP
Yamhill (South Fork)
22-Aug-94
0.60

CEDAR CREEK AT RM 0.6
405273
470
REMAP
Yamhill (South Fork)
1995
0.59









HONEY GROVE CREEK AT RM 1.23
405093
500
REMAP 
Alsea
12-Sep-94
0.68


1Site did not meet 3 transect minimum.  Use score cautiously.


2Possibly a Severely Impaired Site.


3Disturbance possibly falls within acceptable reference range.

Table 5. Severely Impaired Sites - North Coast Reference Zone









Site Name
Storet
Elev
Project
Watershed
Date
Score



(ft)













WILLIAMS CANYON CREEK AT RM 1.81
405274
270
REMAP 
Tualatin
19-Sep-95
0.24









BEAVER CREEK AT BARKER DAIRY (D/S CULVERTS)
405584
20
Tillamook
Wilson
19-Jun-97
0.27









HOLDEN CREEK AT MCCORMACK LOOP ROAD
412194
35
Tillamook
Trask
18-Jun-97
0.21

HOLDEN CREEK AT MILLER STREET
412196
15
Tillamook
Trask
18-Jun-97
0.09









DRAINAGE DITCH AT SO. PRAIRIE SCHOOL- PORT OF TB
405582
35
Tillamook
Tillamook
17-Jun-97
0.12

ANDERSON CREEK @ HWY. 101
405648
15
Tillamook
Tillamook
17-Jun-97
0.03









YAQUINA RIVER AT EDDYVILLE RM 32.01
405044
60
REMAP 
Yaquina
30-Aug-94
0.30

YAQUINA RIVER U/S OF EDDYVILLE RM 34.11
405072
90
REMAP 
Yaquina
31-Aug-94
0.06


1 Site did not meet 3 transect minimum.  Use score cautiously.

Mid Coast Reference Zone

Sites with No Impairment Detected
Of the 31 sites located within this reference zone, 15 have been assigned to this category (Table 6).  This includes 11 sites that form the Mid Coast Reference Group within the BORIS model.

In a similar situation to that described in the North Coast zone, four sites meet the No Impairment Detected criteria but their scores are close enough to the cut off level that they could possibly be more correctly assigned to the Moderately Disturbed group.  Taxa that tend to be absent from these four sites are all part of the important EPT orders and include: Cinygmula, Ironodes, Epeorus albertae, Zapada Oregonensis Grp., Hesperoperla, Sweltsa, Malenka, Glossosoma and, Neophylax Rickeri. 

Moderately Impaired Sites
Ten sites have been assigned to this category, (Table 7).  Taxa predicted by the model but not found at these sites continue to be centered on the EPT group and include: Nixe/Leucocruta Rhithrogena, Rhyacophila blarina, Rhyacophila Betteni Grp., Rhyacophila Brunea Grp., Hydropsyche and, Wormaldia.  Non-EPT predicted taxa not found at these sites include Simulium and Zaitzevia.

Severely Impaired Sites
Six sites have been assigned to this category, (Table 8).  These sites continue the trend of losing key EPT taxa that were found even at moderately impaired sites, such as Diphetor hageni, Sweltsa, Zapada cinctipes and Calineuria.  Furthermore, tolerant taxa such as Sialis and Sphaeriidae begin to dominate.

Table 6. Sites with No Impairment Detected - Mid Coast Reference Zone









Site Name
Storet
Elev
Project
Watershed
Date
Score



(ft)













Haskins Cr. @ RM 0.11
404865
580
Subecoregion
Siuslaw
19-Aug-93
1.26

Fish Cr. @ RM 2.51
404543
850
Subecoregion
Siuslaw
18-Aug-93
1.14

Whittaker Cr. U/S Whittaker Cr. Rd. 1
404820
1575
Subecoregion
Siuslaw
30-Jul-93
1.11

UNAMED TRIB ENTERING BERNHARDT CREEK AT RM 3.0
405284
180
REMAP
Siuslaw
16-Aug-95
0.98

Hawley Cr. Two miles up Hawley Cr. Rd. 1,2
404866
770
Subecoregion
Siuslaw
20-Aug-93
0.78









Yellow Cr. @ RM 3.91
404864
550
Subecoregion
Lower Umpqua
19-Aug-93
1.11

Franklin Cr. @ RM 1.01
404860
40
Subecoregion
Lower Umpqua
16-Aug-93
0.95

Harvey Cr. @ RM 0.51,2
404861
35
Subecoregion
Lower Umpqua
17-Aug-93
0.78

Bachelor Cr. @ RM 2.61,2
404863
520
Subecoregion
Calapooya (Lower Umpqua)
19-Aug-93
0.78









Camas Cr. U/S Camas Cr. Rd (lower) 1
404819
640
Subecoregion
East Fork Coquille (Coos)
29-Jul-93
1.11

Camas Cr. @ RM 3.6 (upper) 1
404862
1080
Subecoregion
East Fork Coquille (Coos)
18-Aug-93
1.10

Palouse Cr. U/S of old beaver dam (RM 6.7) 1
404826
80
Subecoregion
Coos Bay
30-Jul-93
0.95

MORGAN CREEK AT RM 1.5
405291
60
REMAP
South Fork Coos
2-Aug-95
0.95

BENSON CREEK AT RM 5.0
405290
180
REMAP
Tenmile Lake (Coos)
15-Aug-95
0.85

ELK CREEK AT RM 3.02
405032
1120
REMAP
West Fork Millicoma (Coos)
1994/95
0.75


1 Reference Site.


2 Possibly a Moderately Impaired Site.

Table 7. Moderately Impaired Sites - Mid Coast Reference Zone









Site Name
Storet
Elev
Project
Watershed
Date
Score



(ft)













UNAMED TRIB ENTERING WOLF CREEK AT RM 13.5
405286
640
REMAP
Siuslaw
17-Aug-95
0.54

EAMES CREEK AT RM 4.81
405285
1040
REMAP
Siuslaw
10-Aug-95
0.47









LONG TOM RIVER AT RM 48.5
405271
510
REMAP
Long Tom(Upper Willamette)
14-Sep-95
0.64

FOX HOLLOW CREEK AT RM 1.31
405033
540
REMAP
Long Tom(Upper Willamette)
2-Aug-94
0.47









UNNAMED TRIB OF WEST FORK LAKE CREEK AT RM 1.01
405037
440
REMAP
Lower Umpqua
9-Aug-94
0.51

N.F. SMITH RIVER AT RM 23.0-1500' U/S NF FALLS1
405288
980
REMAP
Smith (Lower Umpqua)
24-Aug-95
0.47









WILLIAMS RIVER AT RM 19.22
405025
1400
REMAP
South Fork Coos
13-Jul-94
0.71

EAST FORK COQUILLE R. TRIBUTARY @ RM 0.82
405028
1580
REMAP
East Fork Coquille (Coos)
19-Jul-94
0.64

WEST FORK MILICOMA R ST RM 22.5
405031
680
REMAP
West Fork Millicoma (Coos)
27-Jul-94
0.58

FISHTRAP CREEK AT RM 1.4
405292
20
REMAP
Lower Coquille
1995
0.58










1 Possibly a Severely Impaired Site.


2Disturbance possibly falls within acceptable reference range.

Table 8. Severely Impaired Sites - Mid Coast Reference Zone









Site Name
Storet
Elev
Project
Watershed
Date
Score



(ft)













SOUTH FORK SIUSLAW RIVER AT RM 2.3
405034
680
REMAP
Siuslaw
3-Aug-94
0.37









CABIN CREEK AT RM 5.6
405289
570
REMAP
Calapooya (Lower Umpqua)
27-Jul-95
0.37

SMITH RIVER AT RM 81.3
405038
760
REMAP
Smith (Lower Umpqua)
10-Aug-94
0.34









OLALLA CREEK AT RM 11.61
405287
750
REMAP
South Umpqua
1995
0.41

BEALS CREEK AT RM. 0.61
405024
820
REMAP
South Umpqua
12-Jul-94
0.41









PANTHER CREEK AT RM 4.6
405030
2040
REMAP
South Fork Coos
21-Jul-94
0.24


1 Possibly a Moderately Impaired Site.

South Coast Reference Zone

At the present time there are too few sites to make meaningful interpretation of South Coast sites possible. Of the fourteen sites in this reference zone, twelve have been assigned to the No Impairment Detected category and of these, ten are reference sites (Table 9).  The remaining two sites are classed as moderately impaired (Table 10). 

Table 9. Sites with No Impairment Detected - South Coast Reference Zone









Site Name
Storet
Elev
Project
Watershed
Date
Score



(ft)













EAST FORK COQUILLE RIVER AT RM 261
405026
980
REMAP
East Fork Coquille (Coos)
14-Jul-94
0.92









Butler Cr @ RM 2.11
405293
830
REMAP
Elk (Sixes)
12-Sep-95
0.99

ELK RIVER AT RM 24.01
405294
550
REMAP
Elk (Sixes)
25-Jul-95
1.07









Shasta Costa Cr. Sth USFS Rd. #231
404824
160
Subecoregion
Lower Rogue
29-Jul-93
1.01

Lawsen Cr. west of USFS Rd. #4001
404823
600
Subecoregion
Illinois (Lower Rogue)
28-Jul-93
0.99

LOBSTER CREEK AT RM 6.21
405295
290
REMAP
Lobster (Lower Rogue)
1995
0.96

Quosatana Cr. U/S USFS Rd. #331,2
404825
80
Subecoregion
Lower Rogue
29-Jul-93
0.80









E. Fk. Winchuck Rv. U/S Wheeler Cr. Rd. 1
404821
1500
Subecoregion
Winchuck (Chetco)
26-Jul-93
1.22

S.F. CHETCO RIVER AT RM 2.51
405296
320
REMAP
Chetco
11-Jul-95
1.04

Windy Cr. U/S USFS Rd. #13762
404822
2400
Subecoregion
Pistol (Chetco)
27-Jul-93
0.77

EMILY CREEK AT RM 7.12
405013
1200
REMAP
Chetco
21-Jun-94
0.76

Nth Fk Smith Rv U/S Chrome Cr. 1,2

404817
1240
Subecoregion
Smith (Chetco)
27-Jul-93
0.76


1 Reference Site.


2 Possibly a Moderately Impaired Site.

Table 10. Moderately Impaired Sites - South Coast Reference Zone









Site Name
Storet
Elev
Project
Watershed
Date
Score



(ft)













TWOMILE CREEK AT RM 0.21
405014
200
REMAP
Lower Rogue
22-Jun-94
0.72

Horse Sign Cr. D/S Pine Flat Cr.
404818
1400
Subecoregion
Illinois (Lower Rogue)
28-Jul-93
0.46










1Disturbance possibly falls within acceptable reference range.

Other Biologic Measures of Impairment

In the absence of a full assessment against the BORIS model, other useful measures of macroinvertebrate community status include various taxa richness and relative abundance metrics. While not a comprehensive assessment of stream biologic condition, these measures are easily calculated from taxonomic lists and give an immediate feel for the site.  Three measures in particular, Total and EPT Taxa Richness and % Dominant Abundance (top three taxa), can be usefully applied to a taxonomic list for a quick appraisal of a site and for raising warning flags about its macroinvertebrate community status.  

As indicated above, the South Coast Reference Zone does not have sufficient data points to make a meaningful interpretation possible.  For this reason the following discussion is limited to the North and Mid Coast data sets.  Also note that any discussion of taxa richness requires close agreement between sites in terms of their respective levels of taxonomic identification.  The data sets discussed here have all had their taxa lists standardised to make such a comparison valid.

 Figures 3 and 4 present BORIS scores plotted against values of the two richness measures for the North Coast data set.  From these plots it seems that a richness of less than 30 and 18 for Total Taxa and EPT Taxa respectively, represent a critical level below which impairment can be confidently assigned.  There seems to be considerably more noise associated with the % Dominant measure (Figure 5), but certainly values above 65% can be confidently assigned as being indicative of impairment.
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Sum of Probabilities:

32.95
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33 of 58

Figures 6 through 8 present Total Taxa and EPT Taxa richness, and % Dominant information for the Mid Coast.  Critical levels for these three measures also seem to be around 30, 18 and 70% respectively.

  Figure 3. BORIS Score vs Total Taxa Richness (Nth Coast)
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 Figure 4. BORIS Score vs EPT Taxa Richness (Nth Coast)
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 Figure 5. BORIS Score vs %Dominant (Top 3 Taxa - Nth Coast)
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 Figure 6. BORIS Score vs Total Taxa Richness (Mid Coast)

 Figure 7. BORIS Score vs EPT Taxa Richness (Mid Coast)
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 Figure 8. BORIS Score vs %Dominant (Top 3 Taxa - Mid Coast)

Correlation between Biologic Assessment and Environmental Parameters

Correlations within the North Coast data set reveal positive relationships between stream biologic condition and levels of Dissolved Oxygen (DO) and presence of Coarse Substrates (Figure 9).  Both of these were identified as being important parameters in an analysis using the complete suite of REMAP habitat variables (Drake, 1998).  In this report a reduced set of habitat measures were used because sampling protocols differed across projects.  Poorly scoring sites display elevated levels of nutrients (Orthophosphate and TKN), Total Organic Carbon, Chemical Oxygen Demand and Temperature.  All of these parameters received a correlation coefficient (r2), in the range 0.5 to 0.7.  A complete list of coefficient values is given in Appendix 1.

Interestingly, stream size has also correlated well with the species based ordination.  The two vectors Wetted Width and Watershed Area run perpendicular to the human influenced environmental gradient outlined above.  Larger streams at low elevation and low gradient of both reference quality (Cummins Cr. el. 30ft., slope 1.0; Trout Cr. el. 70 ft., slope 1.7; Tenmile Cr. el. 310 ft., slope 1.2) and a few identified as being moderately disturbed are located along this axis.  It is therefore likely that an important stream size stratification component is lacking in the reference model.  For the moment, not enough reference sites exist to be able to further divide the reference sites along this gradient.

Correlations were not as strong within the Mid Coast data set (Figure 10 and Appendix 1).  The fewer number of sites within this group may be responsible for this to some extent.  Turbidity was the only parameter that displayed a strong negative correlation with biologic condition.  Most of the streams in this data set are located within the sedimentary sub-ecoregion.
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 Figure 9. Correlation between Sites and Environmental Variables (North Coast)
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  Figure 10. Correlation between Sites and Environmental Variables (Mid Coast)

Overall Status of Streams in the Oregon Coast Range

By applying the weighted probabilities of the random site selection process used in the REMAP project (see Hayslip et. al. 1994), an overall assessment of condition across all stream miles of 1st through 3rd order streams within the Oregon Coast Range can be extracted from this data set.  Figure 11 presents the percentage of stream miles that fall under each impairment category.  Fourty three percent of stream miles in the Oregon Coast Range display a macroinvertebrate community that is within the range of reference condition variability.  A further 8% are borderline between the unimpaired and moderately impaired categories.  That is, although some level of impairment is apparent, their condition is sufficiently close to the reference range to make a precise designation of impairment a difficult prospect.  Of the remaining 49% of stream miles, 34% are moderately impaired and 15% severely impaired.
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  Figure 11. Percentage of Stream Miles in the Oregon Coast Range within each Impairment Category (1st through 3rd order streams only).
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APPENDIX 1 - Parameters Used for Correlation Analysis






r2


Parameter
North Coast
Mid Coast









%Coarse Substrate
0.7007
0.6352

Alkalinity
0.3528
0.2984

Watershed Area (Hectares)
0.692
0.4102

Biochemical Oxygen Demand (BOD)
0.0326
0.1241

Conductivity
0.3815
0.3608

Chemical Oxygen Demand (COD)
0.5265
0.1707

Latitude
0.3079
0.0564

Longitude
0.2511
0.2619

Discharge (ft3/sec)
0.524
0.3495

Dissolved Oxygen (DO)
0.6337
0.4208

% Saturation-Dissolved Oxygen
0.5789
0.4174

Elevation (ft)
0.4678
0.3178

Slope
0.5689
0.4361

NH3+NH4
0.4847
0.1007

NO2 + NO3
0.381
0.2655

%Shade
0.6052
0.4121

pH
0.1288
0.429

Orthophosphate
0.626
0.1202

Total Phosphorus
0.4477
0.4077

Total Residue
0.4079
0.3285

Suspended Solids
0.491
0.3651

Temperature
0.5437
0.3133

Total Kjeldahl Nitrogen (TKN)
0.6617
0.2297

Total Organic Carbon (TOC)
0.5565
0.1651

Turbidity
0.344
0.5055

Wetted Width
0.701
0.5308

Box plots for parameters with r2  > 0.5 are shown over page.

North Coast Sites
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Mid Coast Sites 
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APPENDIX 2 - Sample list of Predicted Taxa output from BORIS model
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