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1. Introduction
A cornerstone of Washington’s Timber-Fish-Wildlife (TFW) forest management system is adaptive
management, the process of gathering and using scientific information to evaluate and improve
management decisions. Monitoring is an important element of the adaptive management process that is
necessary to determine whether the aquatic resource protection goals of the 1988 TFW Agreement are
being achieved. The TFW Monitoring Program (TFW-MP) is a cooperative, inter-agency monitoring
effort initiated in 1989 to fill the need for monitoring information in the TFW process. It focuses on
assessing and monitoring channel and salmonid habitat conditions in streams on state and private forest
land in Washington State, and evaluating the effectiveness of forest practices in meeting habitat and water
quality goals. TFW Monitoring is a cooperative endeavor involving TFW participants (Washington
Indian Tribes, timber producers, state resource agencies, and environmental organizations) and the TFW
Cooperative Monitoring, Evaluation and Research Committee (CMER). Monitoring support and
coordination is provided by the TFW-MP staff at the Northwest Indian Fisheries Commission (NWIFC)
through a contract with the Washington Department of Natural Resources (WDNR) under the direction
of the CMER’s Monitoring Steering Committee (MSC). Most monitoring information is collected by
TFW participants who design projects to meet local/regional processes and needs. The TFW-MP
provides tools and services to assist and support these monitoring efforts. It also analyzes and
disseminates monitoring information, and responds to the need for development of monitoring strategies
as TFW management processes evolve over time.

This document reports on the activities of the TFW Monitoring Program during the biennium beginning
July 1, 1995 and ending June 30, 1997. The TFW Monitoring Program has been focused in two major
areas during this period: 1) providing services to help TFW cooperators successfully complete monitoring
efforts, and 2) developing new tools and programs to initiate effectiveness monitoring in the TFW arena.
A description and progress report on progress during the biennium is provided in section 2 of this report.
Future directions for the program are discussed in Section 3.
2. Progress Report and Description of Accomplishments
For the purposes of this report, the work during the biennium has been divided into six tasks: cooperative
monitoring services (2.1); testing and refinement of monitoring methods (2.2); development of the TFW
effectiveness monitoring strategy (2.3); development of standard methods (2.4); a literature review on
trend monitoring (2.5); and an investigation of factors influencing spawning and incubation habitat
conditions (2.6). This section describes of the progress and accomplishments of the TFW Monitoring
Program in each of the six areas.
Z1 Cooperative Monitoring Services to Assist TFW Participants
An important function of the TFW Monitoring Program is to provide services to assist the TFW
organizations conducting monitoring. To produce monitoring information that TFW can use with
confidence, successful monitoring studies must be well planned and implemented. This requires quality
work at every step of the monitoring process, including study design, selection of parameters, collection
of data, and analysis of results. The TFW Monitoring Program provides monitoring manuals, training,
quality assurance, and database support to help TFW cooperators achieve quality results. Each of these
aspects is discussed below.
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2.1.1 TFW Monitoring Methods Manual Update and Distribution
The TFW Monitoring Program Manual is the reference tool for planning and conducting monitoring
surveys. It contains detailed descriptions of standard monitoring data collection methods and procedures
and provides detailed instructions on how to conduct stream surveys. It also contains information on
study design, identifying stream segments, quality assurance, data analysis, and data archiving.
During the biennium we completed write-ups for the Spawning Habitat Availability and Spawning Gravel
Scour surveys. We also began updating the TFW-MP Introduction, Segment Identification, Reference
Point Survey, Habitat Unit Survey, Large Woody Debris Survey and Stream Temperature Survey for the
1997 training session, incorporating refinements based on evaluation of quality assurance results. Over
1000 copies of the 1994 version of the manual have been distributed to Washington TFW participants
and interested parties throughout the United States and Canada.
2.1.2 Training
Two types of training are provided by the TFW monitoring program, training in the application of
monitoring methods and training in the Watershed Analysis monitoring identification procedure.
Monitoring Methods Training
Thorough training of personnel conducting monitoring surveys is one of the basic elements of a
successful monitoring project. The TFW-MP provides comprehensive training services to promote
consistent application of TFW-MP methods throughout the state. These services are available through
annual training workshops and on-site field training and assistance visits. Many experienced cooperators
use these services year after year to ensure consistency in monitoring strategies, method application and
data quality.
Instruction of standard methods and consistency in their application requires a high level of training
commitment. Allen Pleus, the TFW-MP lead trainer, has been with the program for seven years and
TFW-MP staff have 20 years of combined experience with the TFW methods. This has provided a high
level of training consistency and quality.
The annual training workshops are conducted during the second week of June and the fourth week of
July. Four days of training are provided in the June workshops to cover the Stream Segment
Identification, Wadeable Stream Discharge Methods and the Reference Point, Habitat Unit, Large Woody
Debris, and Stream Temperature Surveys. In 1995, a one day July workshop covered the Salmonid
Spawning Gravel Composition Survey. In 1996, the July workshop expanded to three days to include
training in the Salmonid Spawning Habitat Availability and Spawning Gravel Scour Surveys.
These workshops are designed to provided both basic instruction and hands-on experience in the survey
methods. Volunteer instructors, guest speakers and assistants are an integral part of the training services
the TFW Monitoring Program provides. These volunteers attend pre-workshop meetings and field
training in preparation for the workshops. The 1997 June workshops used 22 volunteers in addition to
the four TFW-MP staff members.
Evaluations from participants confirm the success of these workshops. Excerpts from the "what I liked
best" comments include: "detailed review - covered a lot of information, answered a lot of questions;"
"good to see things in real life;" "good hands-on examples of varied situations;" "the way she [the
instructor] explained everything so clearly;" "great to hear from experienced field folks;" and "was
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actually learning about the Large Woody Debris Survey!!" Excerpts from the "general comments"
include: "I have learned a lot and had a great time," and "thanks for a very thorough, helpful week. See
you in July."
Demand for attendance at the workshops has grown rapidly (Table 1). In fact, demand has surpassed our
ability to provide training to everyone who requests it. The ideal daily workshop size is 45 - 50 people.
This number provides a good student-to-teacher ratio and a manageable group size at the stream training
site. To maintain this optimal size, it was necessary in 1996 to give priority to TFW participants and
those who are using our methods to collect field data the same season. In 1997, registration was dosed
two weeks prior to the June workshops, and over a month prior to the July workshops when daily
registration hit the 60 applicant daily limits.
On-site field training and field assistance services are offered state wide throughout the year on an
appointment basis. This service is most often used by those cooperators who cannot attend the annual
workshops or require further training tO address local watershed conditions. These visits provide
individual training in all the survey methods covered at the workshops, plus assistance in study design
development and implementation strategies. On-site training also provides an opportunity to focus on
method application under local conditions. Many cooperators in the more remote areas of the state find
this service to be one of the most valuable we offer.

TFW-MP provided 16 on-site field training and assistance visits for a total of 87 people in 1995 and 9
visits for a total of 45 people in 1996 (Table 2). There have been five training visits conducted for a total
of 21 people in 1997 to date. The reduction in number is a reflection of more people attending the
workshops instead of requesting on-site visits and implementation of the prioritization structure due to
increased demand for training and other services by TFW participants.
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Table 2. Training assistance provided by the TFW Monitoring Program
through annual workshop and on-site field assistance visits.
Training Services
Workshops

1995
206

1996
303

1997
327*

On-Site

87

45

21’

Total People/day

293
348
*estimated as of 6/26/97

348*

Watershed Analysis Monitoring Training
Training in Watershed Analysis monitoring is incorporated into the Watershed Analysis training sessions
conducted several times a year by the Washington Department of Natural Resources (WDNR). TFW
Monitoring Program staff(Amy Morgan, Allen Pleus and Dave Schuett-Hames) assisted the WDNR in
designing the original training program for the Watershed Analysis Monitoring (WAM) module,
providing the training, and modifying the training program over time in response to comments and
changes in the schedule. WAM training consists of a brief introductory overview for the entire group on
the first day, followed by a more intensive lecture and group exercise later in the week for people
especially interested in monitoring. The group exercise involves developing monitoring objectives and
sampling plans using causal mechanism reports and prescriptions from the Mashel Watershed Analyses.
During the past biennium, TFW Monitoring Program staff assisted with the monitoring training in six
WDNR-sponsored training sessions (four regular sessions and two make-up session for people who
completed training before the monitoring module was developed). The staff provided follow-up support
and technical assistance to several Watershed Analysis teams developing Watershed Analysis Monitoring
plans and assisted DNR in peer review of Watershed Analysis Monitoring Plans. The TFW-MP also
conducted a project to evaluate the effectiveness of the Watershed Analysis monitoring module and
provided recommendations for improvement (Report TFW-AM-9-96-003).
2.1.3 Quality Assurance Reviews
Quality Assurance (QA) Review services are offered on-site to individual cooperators to ensure and
document consistent application of the TFW-MP standard methods by field crews. These services are
available state wide throughout the year. Allen Pleus, the TFW-MP lead quality assurance reviewer, has
conducted QA Reviews for the program since 1992. During this time, the QA Review system has
developed into a rigorous and scientifically sound testing and evaluation format that provides insights into
factors influencing monitoring variability. This system is unique among state and regional monitoring
programs.
There are three goals for QA Review services: 1) to help cooperators collect data of the highest quality;
2) to provide feedback to the cooperator and the TFW Monitoring Program on factors affecting data
quality and repeatability; and 3) to identify topics for projects to test and refine the methods.
A successful monitoring QA Plan includes both TFW-MP training, practice in application of the methods
and techniques on study area streams, and a pre-season QA Review. Cooperators who have utilized
these services have stated that it provides them with the highest level of confidence in the abilities of their
crews, and the resulting data quality. This translates into confidence that baseline and trend monitoring
studies depict accurate channel conditions or changes in those conditions over time. Demand for this
service has started to increase as more cooperators recognize its value (Table 3).

QA Reviews are conducted in a respectful, supportive atmosphere. Cooperators are provided with
detailed reports on strengths, weaknesses and recommendations for improving their application of the
methods. Two types of QA Reviews are used: I) replicate surveys; and 2) observational surveys.
Replicate surveys are conducted for the Reference Point, Habitat Unit, Large Woody Debris, and
Spawning Habitat Availability Surveys. In a typical replicate survey, the cooperator and QA Review
crews conduct the same survey on a well-defined section of stream within the cooperator’s study area.
Upon completion, the two crews meet and use a specially designed QA Review form to match and
compare individual survey parameters and identify discrepancies. This process includes re-walking the
testing section and discussing reasons for discrepancies.
Observational surveys are conducted for the Stream Temperature, Spawning Gravel Composition and
Spawning Gravel Scour Surveys. In a typical observational survey, the QA crew uses a detailed checklist
to document the consistency of cooperator crews in the methods being reviewed. A minimum of three
complete applications are observed for each method, such as: a) temperature logger site installation; b)
spawning gravel composition sample collection: c) spawning gravel sample processing; and d) scour
monitor site insertions. Upon completion, any discrepancies identified and masons for them are
discussed.
2.1.4 Database/Data Requests
The TFW Monitoring Program maintains a state wide database of stream survey information collected by
TFW cooperators. Amy Morgan works with TFW cooperators on data import, data archiving and data
request services. Data entry and initial error-checking is completed by the cooperator Then a digital
copy of the data is forwarded to the NWIFC After a subsequent round of error-checking, the
information is imported into the database, which performs calculations on the data and generates a survey
5
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summary report of survey results. Copies of the summary reports are provided to the cooperator along
with digital copies of the data, if desired. In addition, copies of the field forms and map locations of
survey reaches are archived at the NWIFC. The Washington Department offish and Wildlife enters
survey boundary locations into their GIS system for use by Watershed Analysis teams.
During the past biennium, the TFW Monitoring Program has undertaken development of a unified Oracle
relational database for TFW monitoring survey data with the assistance of Anita Gilliam, NWlFC
database manager. This system, known as AMBSYS, is now operational for Segment location,
Reference Point Survey, Habitat Unit Survey, Large Woody Debris Survey and Spawning Gravel
Composition Survey data. The AMBSYS system design is shown in Appendix A. New data that are
received are input into this system using a spreadsheet per database format data entry system. We are
currently in the process of transferring existing data to the new system. Appendix B is a list of TFW
Monitoring Surveys in the AMBSYS database sorted by Water Resource Inventory Area (WRIA). It
shows the type of surveys conducted and the status of the information.
In other database-related work, a data archiving section for the manual has been completed that includes
a packet sent to cooperators describing the information is needed to archive their data. Substantial
progress has been made towards completing the archiving process for the entire database, so field forms
and survey location descriptions are now available for nearly all surveys. We also have responded to
requests for monitoring data, and have developed a data access policy to guide requests for digital copies
of data for non-TFW purposes.
To improve communications with TFW participants, we developed and implemented a TFW Monitoring
home page at the NWIFC web site (http://mako.nwife.wa.gov). The home page contains a description of
the program, a list of stream segments where surveys have been conducted, and copies of TFW
Monitoring Program Reports. We are currently in the process of bringing the TFW Monitoring Program
manual on-line.
2.2 Testing and Refinement of Methods
The method testing and refinement component of the TFW Monitoring Program is designed to answer
questions about the variability associated with the application of new and existing survey methods. The
following is a brief review of testing and refinement projects during 1996 and 1997. An historic review
of TFW Monitoring Program projects to test and refine methods conducted between 1991 and 1995 is
provided in Appendix C.
1996
· Refinements
0 The standard shovel with stilling well can be an adequate substitute for the McNeil sampler when
applied under conditions similar to those of the streams sampled (Schuett-Hames et al. 1996).
0 Continued improvements in the annual training workshops format to standardize instruction and
incorporate more participant hands-on practice.
· Testing
0 Conducted a total of 17 QA Reviews on Reference Point, Habitat Unit, Large Woody Debris, Stream
Temperature and Spawning Gravel Composition Surveys.
0 Research on field comparisons of the McNeil sampler with three shovel-based methods used to
sample spawning gravel composition.
0 Preliminary analysis of Reference Point Survey QA Review data indicated significant variability in:
6
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a) bankfull channel edge identification and protocol;
b) mean bankfull channel depth measurement protocol;
c) spherical densiometer equipment and protocol;
d) identification of 90° angle bankfull channel cross-sections in relation to a referepce point
1997
Refinements
0 Continued improvements in the annual training workshop format to standardize instruction and
incorporate more hands-on practice including:
a) focus on ’basics’ of each method;
b) afternoon advanced practice and testing sessions;
1997 Update Addendum and training workshop instruction for the Stream Segment Identification
Method including:
c) new layering system, sorting structures and lumping/splitting rules for determining stream
segment breaks;
d) optional sub-segment,identification system;
e) updated Form 1
1997 Update Addendum and training workshop instruction for the Reference Point Survey including:
f) emphasis on the default method for determining edges of the bankfull channel;
g) new bankfull depth measurement protocol;
h) procedure to establish cross-sections at a 90o angle in relation to off-channel reference points.
1997 Update Addendum and training workshop instruction for the Habitat Unit Survey including:
i) habitat unit type simplification to the pool/riffle level. Cascades and tail outs (pool glides) are
now instructed as sub-unit types in training workshop; and
j) instruction on a default method for conditions where unit boundary indicators are vague or
highly irregular.
1997 Update Addendum and training workshop instruction for the Spawning Gravel Composition
Survey including:
k) instruction on using the shovel spawning gravel sampler at the July training workshop.
· Testing
0 Conducted a total of 2 QA Reviews to date on Reference Point and Large Woody Debris Surveys.
Initial research and testing of spherical densiometer hemispherical arc of views, sample area overlap
and equipment modification.
2.3 TFW Effectiveness Monitoring Plan Development
The TFW Policy Committee requested development of an effectiveness monitoring strategy for aquatic
resources by TFW’s Cooperative Monitoring, Evaluation and Research Committee (CMER) in June of
1996. The Monitoring Steering Committee (MSC) responded to this request, assigning Dave SchuettHames to work with the MSC on this project. A proposed effectiveness monitoring strategy was
developed with funding from WFPA and presented to the TFW Operations Committee in November
(Report TFW-AM9-96-007). The strategy document reviewed effectiveness monitoring programs from
other states and provinces and proposed development of a custom effectiveness monitoring program due
to the sophistication of the management systems (such as Watershed Analysis) in Washington State and
the unique TFW cooperative forest management structure. Eight monitoring issues related to the effects
of forest practices on aquatic resources were identified: 1) shade and stream temperature; 2) LWD
recruitment; 3) mass wasting sediment input; 4) surface erosion sediment input; 5) fish passage; 6)
hydrology; 7) forest chemicals; and 8) cumulative effects on aquatic resources. The strategy document
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proposed a cooperative implementation effort consisting of a core monitoring project funded by CMEK,
augmented by voluntary monitoring conducted by TFW participants. The TFW Monitoring Program was
assigned the role of coordinating the program and providing an information clearinghouse, and the MSC
was assigned the role of evaluating effectiveness and reporting results to CMER and the TFW Policy
Committee.
Following presentation of the effectiveness monitoring strategy to the TFW Operations Committee, MSC
received approval to proceed with development of a plan for the TFW effectiveness monitoring program
and a CMER-funded pilot project based on the regional, multi-objective, watershed-based approach
proposed in the strategy document. The draft TFW effectiveness monitoring and evaluation plan was
developed with input and assistance from the MSC and mailed out to CMER for review and comment. It
describes the program proposed by the TFW Monitoring Steering Committee to monitor and evaluate the
effectiveness of forest practices on state and private forest land in Washington State and presents a
cooperative implementation plan. The draft TFW effectiveness monitoring and evaluation program plan
is available from NWlFC.
2.4 Development of Standard Methods
The goal of the TFW Monitoring Program during this period was to expand the suite of standard
monitoring methods available for use by TFW participants. Work began by finalizing the standard
methods for spawning gravel scour (Report TFW-AM-9-96-001) and spawning habitat availability
(Report TFW-AM-9-96-002) and integrating these methodologies into the monitoring manual and
training workshop.
Since then the emphasis in method development has focused on methods of monitoring channel
conditions and input processes. Development of channel and input process monitoring methods will
provide the capability for TFW participants to conduct integrated monitoring of changes in input
processes and associated channel and habitat response. This capability is needed to conduct monitoring
and evaluation of prescription effectiveness called for in voluntary Watershed Analysis Monitoring plans
and to evaluate effectiveness of forest practices as described in the TFW Effectiveness Monitoring and
Evaluation Program Plan.
Monitoring parameters and methods for channel features that respond to changes in the input of water,
sediment and wood to the stream channel were reviewed through a contract (funded by WFPA) with
Carlos Ramos, a graduate student at the University of California in Berkeley. His report identifies
potential channel parameters (diagnostic features) responsive to changes in input factors and discusses
methods for monitoring these features, and recommends sampling methods. The report on this project
(TFW-AM9-9-006) is available from WDNR or NWlFC.
Next, methods for monitoring mass wasting and surface erosion were investigated. Carlos Ramos was
also the contractor for these projects. These investigations involved a literature review of existing
parameters and methods, followed by interviews with TFW cooperators. This information was used to
identify and recommend monitoring parameters and methods. The reports for these projects are available
from NWIFC.
Work was also initiated on standard methods for monitoring riparian conditions related to LWD
recruitment and shade as part of our input process monitoring effort. This project was conducted by
Devin Smith of the NWlFC and involved a literature review and interviews with practitioners to identify
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approaches to riparian monitoring, LWD recruitment models, monitoring parameters and potential
monitoring methods. Additional work is planned to field test the proposed methods prior to finalization.
Finally, Amy Morgan of the NWlFC investigated habitat and channel monitoring methods for large rivers.
The current TFW monitoring survey methods are most suitable for wadeable streams and are not suitable
for large, deep rivers that do not provide easy access for field measurements. The purpose of this
investigation was to evaluate the limitations of the current methods in large river situations, identify
alternative methods to obtain information on current monitoring parameters, and recommend additional
parameters and methods that are more suitable for characterizing changes in habitat and channel
conditions in large rivers. The results of this project are attached in Appendix D.
2.5 Trend Monitoring Literature Review
Amy Morgan and Devin Smith conducted a review of existing information on monitoring trends in habitat
and channel conditions in response to changes in watershed inputs. The purpose of this project was to
assemble information and provide recommendations that provide guidance in: designing long-term trend
monitoring studies, developing aquatic resource disturbance and recovery prognoses for Watershed
Analysis monitoring plans, and in interpreting long-term monitoring results. The project involved a
review of literature and interviews with people involved in long-term monitoring. The report on this
project is available from NWlFC.
2. 6 Factors Influencing Salmonid Spawning and Incubation Habitat
This project was a preliminary investigation of the relationship between spawning habitat conditions and
geomorphic factors such as lithology, channel gradient and coarse sediment supply, conducted by Devin
Smith with assistance from Bob Conrad, NWIFC biometrician. The purpose of this pilot project was to
identify relationships that would be helpful in interpreting monitoring data on spawning habitat conditions
and develop recommendations for further study of significant relationships. The preliminary results of the
pilot project indicate that geology has a strong influence on spawning habitat characteristics, however the
influence of gradient and coarse sediment supply were variable and no consistent patterns were evident.
Recommendations for future investigation include: 1) reduce the number of parameters measured; 2)
collect information at more sites in each lithology to verify the patterns identified in the pilot project; and
3) develop a more sophisticated approach to characterize sediment supply and routing. The results of
this project are attached in Appendix E.

3. Future Direction
In the past biennium, the TFW Monitoring Program has undergone a transition in purpose and direction.
We began the biennium as a program focused on providing tools and assistance to TFW cooperators
assessing and monitoring salmonid habitat. By the end of the biennium our agenda has expanded to
include development and coordination a TFW effort to monitor the effectiveness of forest practices and
forest management systems. Continuing and improving the monitoring tools and services that we provide
to TFW participants while beginning to implement the TFW Effectiveness Monitoring strategy are the
challenges and opportunities we face in the coming two years.
3.1 Implementing the TFW Effectiveness Monitoring Strategy
The major task the TFW Monitoring Program needs to undertake in the coming two years is to complete
development and begin implementation of the TFW Effectiveness Monitoring and Evaluation Plan. The
main tasks involved are discussed below.
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Effectiveness Monitoring Study Design Guidelines and Monitoring Methods. The TFW Effectiveness
Monitoring and Evaluation Plan calls for site-scale evaluation of practice effectiveness and watershedscale evaluation of resource response to multiple practices occurring under various forest management
systems. Five priority areas have been identified, including mass wasting, surface erosion, riparian LWD
recruitment, riparian shade and fish passage. Preparation work needs to occur in each of these areas
before pilot monitoring projects can be implemented. Tasks include development of study design
guidelines, standard monitoring methods, identification of monitoring situations, and development of pilot
project proposals. The preparation work in these areas is scheduled to occur by the end of June 1998.
At this time, the MSC will select pilot projects from the proposals, which will be implemented between
July 1998 and June 1999. Table 4 shows the schedule of tasks for the biennium.

A framework for cooperative efforts to assess and monitor trends in aquatic resources is needed to
produce information that can be used to document regional and state wide trends in aquatic resource
conditions (salmonid habitat and populations, and water quality). We propose to conduct regional
meetings with cooperators to identify priority questions and issues, and to develop a cooperative strategy
to collect information to answer aquatic resource trend questions.
CMER/MSC Effectiveness Information Bank. We need to design, build and begin operating the
CMER/MSC effectiveness information bank, a central clearinghouse for effectiveness monitoring
information, including both data and the analyzed results and conclusions of effectiveness monitoring
studies. Development of the information bank will involve a number of steps, including: conceptual
design to make it useful to users, construction of the information storage system, development of
guidelines and criteria to identify suitable information, and development of outputs to TFW users.
Adaptive Management Process. The format and content of effectiveness monitoring reports needs to be
determined. Three types of reports have been identified to address different information needs, 1) reports
for policy representatives that evaluates management system effectiveness, 2) reports for field managers
that evaluate the effectiveness of specific practices, and 3) reports for resource managers that documents
trends in the condition of aquatic resources. A test of the adaptive management advisory committee
process will be initiated when the results of the pilot monitoring projects become available.
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3.2 Improving Monitoring Tools and Seth,ices for TFW Participants
Projects in this area include new method development, improvement of the TFW Monitoring Program
Manual, training, database expansion and improvement, quality assurance, methods testing and
refinement projects, and Watershed Analysis monitoring training.
New Method Development. Development of new monitoring methods in this biennium will focus on
methods needed to conduct effectiveness monitoring, as discussed in the previous section.
TFW Monitoring Program Manual. The methods manual is currently being updated and revised. The
format of the manual will be changed from a single, bound monitoring manual containing all survey
methods to a modular format with each method available as a separate, stand-alone document. As the
number of methods is expanded over time, this format will reduce costs by making it unnecessary to
reprint the entire manual when a method is added or changed. We also want to make the TFW
monitoring manual available on-line at the TFW Monitoring Program web-site to provide instant access
to the latest version of the manual.
The existing methods are currently being updating to incorporate changes suggested by testing and
refinement projects and quality assurance results. This process will be completed for the Segment
Identification, Reference Point, Habitat Unit, Large Woody Debris, Stream Temperature, Spawning
Gravel Composition, Spawning Habitat Availability and Spawning Gravel Scour surveys in time for the
training session in the summer of 1998. In the second half of the biennium, the methods manual will be
expanded to include the new effectiveness monitoring methods under development, including mass
wasting, surface erosion, riparian LWD recruitment, riparian shade, and fish passage.
Training. We need to expand our ability to provide training to the methods in response to increased
interest in the annual training sessions. Training videos are one way of reaching people who cannot
attend the sessions or are in remote locations. Another idea is to develop a network of trainers who can
respond to requests for training in their regions or to requests from academic institutions. The training
workshops need to be expanded to include training in study design and new methods as they are
incorporated into the manual.
Database. Data collected in the past is currently being re-formatted and imported into the new AMBSYS
database system. This process needs to be completed for the 1989-91 data. Work is also needed
complete enhancements to the AMBSYS system to improve the ease of importing, maintaining and errorchecking data. We need to develop databases, calculations and reports for several existing surveys,
including stream temperature, spawning habitat availability, and spawning gravel scour. Database
development and programming for the new effectiveness monitoring methods currently under
development will also be needed. Development of the user data entry system currently being constructed
in Access needs to be finished and the feasibility of providing on-line access to data should be
investigated.
Quality Assurance. Quality Assurance Review procedures need to be developed for the new
effectiveness monitoring methods.
Testing and Refinement of Methods. Following is an agenda for testing and refinement of the existing
monitoring methods. Priorities need to be determined prior to implementation.
Stream Segment Identification Method
11
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·

Finalize ’97 manual draft version of the Stream Segment Identification Method for distribution as a
stand-alone document to facilitate individual refinements and production.
Reference Point Survey
· Finalize ’97 manual draft version of the Reference Point Survey for distribution as a stand-alone
document to facilitate individual refinements and production.
· Research, design and test Reference Point Survey methods including:
a) modified spherical densiometer variability;
b) bankfull channel edge identification method against various other methods using existing
monumented bankfull channel cross-section information;
c) method for field identification of bankfull channel edge.
Habitat Unit Survey
· Continue work on ’97 manual draft version of the Habitat Unit Survey for distribution as a standalone documents to facilitate individual refinements and production.
· Analysis of QA Reviews (1994-96).
· Research the effects of changes in stream discharge flow on habitat unit identification and surface area
measurement.
· Research new water slope measurement techniques to replace clinometer-based protocol for
determining cascade unit types and reduce its flow-dependent nature.
· Research Habitat Unit Survey variability in relation to stream segments with mean gradients over 4%.
· Research boundary identification methods for complex pools with multiple scour depressions.
Large Woody Debris Survey
· Analysis of QA Reviews (1992-96).
· Continue work on ’97 manual draft version of the Large Woody Debris Survey for distribution as a
stand-alone document to facilitate individual refinements and production.
Stream Temperature Survey
· Analysis of QA Reviews (1995-96).
· Continue work on ’97 manual draft version of the Stream Temperature Survey for distribution as a
stand-alone document to facilitate individual refinements and production.
Spawning Gravel Composition Survey
· Analysis of QA Reviews (1993-96)
· Continue work on ’97 manual draft version of the Spawning Gravel Composition Survey for
distribution as a stand-alone document to facilitate individual refinements and production.
· Continue comparison testing of the McNeil and shovel with stilling well samplers using streams
representing a greater diversity of sampling conditions.
· Continue testing variability of the volumetric processing methods for determining particle sizes less
than smallest sieve size (0.106 mm).
Spawning Habitat Availability Survey
· Continue work on ’97 manual draft version of the Spawning Habitat Availability Survey for
distribution as a stand-alone document to facilitate individual refinements and production.
· Develop and test new QA Review formats
Spawning Gravel Scour Survey
· Continue work on ’97 manual draft version of the Spawning Gravel Scour Survey for distribution as a
stand-alone document to facilitate individual refinements and production.
· Develop and test new QA Review formats
12
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Winter Habitat Survey
· Test and refine literature review monitoring method recommendations.
Large Rivers Survey’
· Test and refine literature review monitoring method recommendations.
Watershed Analysis Monitoring Training. Consultation with Watershed Analysis practitioners is needed
to evaluate whether the Watershed Analysis Monitoring Identification Process module should be revised
and updated.

4. List of TFW Reports Produced During the Biennium
Report TFW-AM-9-96-001. Spawning gravel scour; a literature review and recommendations for a
Watershed Analysis monitoring methodology. Dave Schuett-Hames, Bob Conrad and Allen Pleus.
Report TFW-AM-9-96-002. Salmonid spawning habitat availability: a literature review and
recommendations for a Watershed Analysis monitoring methodology. Dave Schuett-Hames and Allen
Pleus.
Report TFW-AM-9-96-003. Watershed Analysis monitoring: pilot project evaluation. Dave SchuettHames and Allen Pleus.
Report TFW~AM-6-96-004. Winter habitat utilization by juvenile salmonids: a literature review. Amy
Morgan and Frank Hinojosa.
Report TFW-AM-9-96-005. Field comparison of the McNeil sampler with three shovel-based methods
used to sample spawning substrate composition in small streams. Dave Schuett-Hames, Bob Conrad and
Allen Pleus.
Report TFW-AM-9-96-006. Quantification of stream channel morphological features: recommended
procedures for use in Watershed Analysis and TFW Ambient Monitoring. Carlos Ramos.
Report TFW-AM-9-96-007. Proposal for a TFW monitoring strategy to determine the effectiveness of
forest practices in protecting aquatic resources. Dave Schuett-Hames, Nancy Sturhan, Kevin Lautz,
Randy Mclntosh, Mike Gough and Charlene Rodgers.
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APPENDIX C

Historic Review of the TFW Monitoring Program

Testing and Refinement of Methods 1991-95.
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The following is a brief historic review of the TFW Ambient Monitoring Program testing and refinement
of methods, 1991-95.
1991
· Testing
0 Conducted a total of 19 QA Review Habitat Unit replicate surveys.
0 Analysis of the Valley Segment Classification System indicates it does not work well.
0 Analysis of Habitat Unit Survey QA Review data indicated high variability in crew identification of
habitat unit types.
O
1992
· Refinements
0 New August 1992 version of the TFW Ambient Monitoring Manual implementing modular design
and improved reference structure.
0 Eliminated sub-units of Pool, Riffle and Cascade habitat types.
0 Added ’tail out’ unit for cooperators who wanted to differentiate between pool and riffle ’glides’.
0 Added minimum unit surface area and residual pool depth criteria to reduce variability associated with
crew habitat unit lumping and splitting.
0 Replaced Valley Segment Classification system with new ’Stream Segment Identification Module’
based on tributary junction (relative basin area), gradient and confinement (Beechie and Sibley,
1990).
· Testing
0 Conducted a total of 12 limited QA Reviews on Reference Point, Habitat Unit and Large Woody
Debris Surveys.
0 Preliminary analysis of QA Review replicate surveys indicated high variability, but they were not
effective in isolating whether variability was associated with review protocols, crew application of the
methods, inaccurate or imprecise methods, or due to complex natural background factors.
1993
· Refinements
0 Developed basis for current QA Review methods that incorporated same day replicate surveys and
individual parameter comparisons.
0 New July 1993 version of the TFW Ambient Monitoring Manual including addition of new method
sections for Salmonid Spawning Gravel Composition and Stream Temperature Surveys.
· Testing
0 Conducted a total of 13 QA Reviews on Reference Point, Habitat Unit, Large Woody Debris, and
Spawning Gravel Composition Surveys.
0 Analysis of Habitat Unit Survey QA Review data (1991-93) indicated high variability in:
a) identification of riffle, cascade and tail out habitat unit types (pool bias);
b) surface area measurements across all unit types;
c) identification of 100 meter interval reference point boundaries
1994
· Refinements
0 New August 1994 version of the TFW Ambient Monitoring Manual including addition of new
Quality Assurance section.
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0

0
·
0
0

Improvements in the annual training workshops format to standardize instruction and incorporate
more participant hands-on practice.
Modification of the Habitat Unit Survey methods (August 1994 version), including:
a) replacement of the "Measuring Lengths and Widths of Habitat Units"
section with new section based on QA Review results;
b) redesign of Form 3 to include spaces for recording of each length and width measurement to
improve consistency in writing data and error checking calculations.
QA Review methods improved to control for variability associated with replicate survey reach
boundary identification based on off-channel reference points.
Testing
Conducted a total of 14 QA Reviews on Habitat Unit, Large Woody Debris and Spawning Gravel
Composition Surveys.
Test project conducted for water surface area measurement method.

1995
· Refinements
0 Continued improvements in the annual training workshops format to standardize instruction and
incorporate more participant hands-on practice.
· Testing
0 Conducted a total of 14 QA Reviews on Habitat Unit, Large Woody Debris and Spawning Gravel
Composition Surveys.
O Water surface area measurement method test project continued.
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Methods for Monitoring Fish Habitat in Large Rivers: A Literature Review
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Introduction
Problem Statement.
The monitoring methods outlined in the TFW Ambient Monitoring Manual (Schuett-Hames et al. 1994)
are designed to monitor salmonid habitat in small wadable streams (defined as those less than 20 meters
bankfull width). Monitoring habitat in large rivers is also an important goal, but wading techniques are
not useable in deep, swift water and the parameters being measured in small streams may not be
appropriate for the larger scale of rivers. The TFW Monitoring Program needs to address this
methodological issue and develop tools for monitoring.
Purpose
The purpose of this report is to review existing information on monitoring large rivers from the literature
and interviews with practitioners, It will then evaluate the applicability of current TFW Monitoring
Program parameters and measurement techniques to large river situations and identify alterations to the
current methods to make them applicable to large rivers. It is assumed that the reader is familiar with or
has access to the methods as presented in the TFW Monitoring Program Manual. Additional parameters
and suggested methods for measurement are then presented.
Background Information on Salmonid Habitat in Large Rivers Channels
Large river channels
The characteristics of a river change from the headwaters to the mouth. The channel and associated
features change via the interaction of discharge, channel width and depth, water velocity, substrate
resistance and sediment transport capacity. This interaction is constantly changing and the variables
adjusting to the changes in the other interrelated variables. Also, the gradient tends to decrease and
topography tends to change to a less constrained channel with the development of a floodplain. As the
slope decreases and the rate of flow increases, pools and smooth-flowing areas become progressively
more common than they were in the turbulent headwater reaches (Ryder and Pesendorfer 1989).
Large rivers are defined here as having an average depth of greater than one meter and an average width
of greater than twenty meters. They serve different habitat functions than the smaller streams, e.g.,
migration corridors, holding areas, and spawning habitat. And while there is often a flood plain with
smaller, off-channel aquatic habitat associated with the larger channel, the concern of this literature
review is to address the problems/challenges associated with measuring salmonid habitat parameters in
deep and wide channels.
Important parameters offish habitat in large river channels
Salmonid habitat use in large river systems varies with flow. During high flows juvenile salmonids tend to
utilize areas along the margins of the river or in small tributaries or other off-channel and floodplain
features, while during low flows the deep pools in the main channel are the preferred habitat for juveniles
and migrating adults.
Salmonids use larger channels during migration, spawning, and summer rearing of juveniles. Several
important habitat characteristics have been identified: large woody debris jams, discharge, habitat units
(pools and riffles), water temperature, and spawning/incubation habitat (gravel) availability, composition
and stability.
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Large woody debris jams play an important role in large channels, controlling the local hydraulics which
creates sediment deposition and scour areas. Jams have also been shown to offer refugia from high flow
conditions, creating off-channel habitat as the sediment builds up upstream and the flow is diverted to
either side of the emerging bar (Abbe and Montgomery 1996). The combination of these enhances habitat
complexity.
Discharge is an issue of concern mostly in regulated rivers or in drier climates. Lowered discharge can
reduce habitat complexity, leaving off-channel areas dry and disconnecting pools in the main channel.
Reduced discharge over historical levels can also lead to gravel aggradation, with the river being unable
to transport the sediment load in an efficient manner (Jay and Simenstad 1994).
Of the habitat units identified in the TFW Monitoring Program Habitat Unit Survey method, pools are an
extremely important habitat feature of the large river, offering lower water velocity, cooler temperatures,
and reduced visibility to predators (Lisle 1987). Other important habitat units include riffle crests (also
known as pool tail outs) which are important as prime spawning areas for salmonids.
Increased water temperature affects salmonids on many levels, i.e., increased disease, altered migration
timing, and accelerated or retarded maturation rates (Bjornn and Reiser 1991).
Current TFW Monitoring methodology offers methods for dividing the length of the channel into
segments, monitoring discharge, habitat units, large woody debris, water temperature, spawning habitat
availability/spawning gravel composition, and spawning gravel scour. We will examine current methods
and then look to other parameters and methods of interest to address those needs that are not met by the
current TFW monitoring methodology.
Application of 1994 TFW Monitoring parameters and methods to large rivers: limitations and
alternative data collection procedures
In order to evaluate current TFW monitoring methods and their applicability to larger channels, we will
examine whether those parameters still characterize the habitat offered in large channels, and whether the
parameters measured by the method can be accurately and safely measured in large, unwadable channels.
We will also suggest, where appropriate, alternative data collection procedures and equipment.
Segmenting
When working with large channels, segments can be delineated using gradient, confinement and tributary
junctions as for smaller channels (see Stream Segment Identification Module for details). Specific
concerns for large rivers center around two main issues: how to deal with long stretches of river that
don’t have any gradient or hydraulic breaks (what size of regular segment is recommended) and how to
deal with multiple channel or braided sections.
Gosse (1963 - as cited in Sedell et al. 1989) also recommends an additional criteria be employed for
inserting segment breaks: a bank coefficient or perimeter index. This ratio is high where there are many
islands and irregular banks and can suggest segment breaks in long stretches of river that don’t have
gradient or hydraulic breaks or those with highly braided sections.
Field measurements to verify channel gradient will need to be done with different equipment than the
stadia rod and clinometer suggested for wadable streams. Gradient can be measured with survey
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equipment, GPS or altimeter, magnified auto-level on shorter length reaches, and topographic maps for
longer reaches.
Reference Points
The reference point survey as outlined in the TFW Monitoring Program Manual can be applied as written
with a few exceptions. The recommended distance between reference points will need to increase from
100 meter reaches to a distance that is some multiplier of the channel width. As an example, 20 times the
channel width for a 20 meter channel would yield a 400 meter reach which should more accurately
represent the larger habitat units contained in the larger channel. The classic definition of a reach is 20 to
40 times the distance of the bankfull width (Leopold et al. 1964).
Bankfull Width and Depth
The methods by which bankfull width and depth are taken will need to be altered to include approaches
not requiring wading the channel. Channel width can be measured using remote sensing methods. Depth
measurements can be made using an acoustic device, a weighted cord or a laser device for measuring
water depths. These can be deployed from a boat or other floating or spanning location.
Canopy Closure
Canopy closure is measured with a spherical densiometer from the middle of the bankfull channel as
described in the Reference Point Survey. Canopy closure can not be measured with a densiometer from
the middle of the bankfull channel in large rivers due to depth and water velocity. The draft Watershed
Analysis Water Quality module provides guidelines for a method of estimating view to sky based on
geometric considerations that can be applied to large rivers. Another possible method for estimating
canopy coverage is to compare aerial photos of the site in question to reference canopy condition aerial
photos (TFW Water Quality Steering Committee Memo 12/96, Watershed Analysis Riparian Function
Assessment Module).
Discharge
The discharge measurement technique described in the Habitat Unit Survey is specifically designed for
wadable streams. It involves wading across the stream with a flow meter while taking measurements at
regular intervals. This can become a safety concern in deeper, swifter water (average water depths equal
to or exceeding one meter or shallower if very swift). There are several possible alternatives for obtaining
discharge information in large rivers. Check with agencies such as U.S. Geological Survey (or their water
resources web page at http://water.usgs.gov) or Washington Department of Ecology to find out if they
have an existing gauging station on the river of interest; or take the measurement from boat, bridge or
cable way via USGS methods (USGS 1982). Discharge is a suggested measurement for Watershed
Analysis, and most other regulatory actions that apply to large rivers.
Habitat Units
It is more difficult to distinguish adjacent habitat units in a large channel due to the difficulty of using the
riverbed as a visual guide to determine boundaries. The technique for taking surface area measurements
presented in the Habitat Unit Survey is still valid, although some alteration may be needed in the
measuring device or technique if access to one side or all of the unit is limited. The first distinctions to be
made when measuring habitat units is distinguishing pools from riffles. To qualify as a pool a unit needs
to have a residual pool depth that is at least 5% of the bankfull width. New methods need to be tested for
measuring depth in deep swift water. Depending on the local conditions, stadia rods, depth sounders,
weighted tapes, or laser depth finders designed for water penetration could be used. The accuracy of
these tools for these conditions is unknown and needs to be tested. Using an acoustic hydrographic
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mechanism or digital elevation mapping to create an underwater topographic map are also options that
need to be tested for accuracy, applicability, and cost effectiveness within the range of conditions often
encountered in larger channels.
Large Woody Debris
TFW Monitoring Program’s Large Woody Debris Survey for measuring large woody debris by volume
and zone doesn’t work well for large channels due to safety and access issues. Even though many of the
pieces may be associated with channel edges or islands, safety and access concerns could significantly
skew the replicability of the data collected with this method. In order to address the functionality of LWD
in large channels, monitoring efforts in large channels should focus on LWD jams (greater than 10 pieces)
or pieces whose length is equal to or greater than bankfull width.
A method which depends on visual estimation of the number of pieces of wood and the function served
by large woody debris jams would be quicker, and easier to perform. However, the replicability of such a
method would need to be carefully evaluated. Also identifying functional pieces would provide important
information about the jam. Functional pieces or key pieces tend to be large trees with root wads attached
which provide a stabilizing or anchoring function. These pieces then act to "rack" or trap other pieces
forming large woody debris jams (Abbe and Montgomery 1996).
For large jams, remote sensing is also a possibility for use in monitoring. Low elevational aerial photos or
videography can allow wood counts and capture important function information, e.g., side channel
formation, which might not be gathered in the field due to access problems (Ellis and Woitowich 1989).
Temperature
Measuring water temperature in large channels can be done by using the current TFW Stream
Temperature Survey methodology with only a few alterations. However, it is possible that temperature
monitoring on larger rivers is already being done by the Department of Ecology or a TFW Cooperator;
check with the Washington Department of Ecology. Temperature data is useful for Watershed Analysis
and evaluating compliance with water quality standards. If the water depth is greater than 2-3 m in depth,
there will probably be thermal stratification and the depth at which the instrument is placed will need to
be carefully calculated.
Gravel Composition/Spawning Habitat Availability
The current method for measuring gravel composition and the method for measuring spawning habitat
availability are both problematic for use in deep water areas due to their reliance on easy access to the
riverbed (Schuett-Hames and Pleus 1996). Certain aspects of the two methods are still useable, though,
and can be combined to look at the issue of spawning gravel, its location, its quantity, and its quality.
Quantification of spawning gravel can be done to only a cursory level when the riverbed is not readily
accessible. A riffle crest inventory could be done for a less intensive survey, locating and counting sites of
potential spawning habitat. Historic spawning sites could be used to locate sampling sites for a more
intensive survey (quality of the gravel is less of an issue due to the sites showing past use, so that
determining whether the site would qualify as potential spawning habitat would not be necessary). These
two surveys, though, answer different questions, with the riffle crest inventory attempting to answer the
question of the potential quantity of spawning habitat present in the system and the historical site survey
answering the question of what quantity of spawning habitat is present in the historically utilized sites. A
survey would yield a count of potential spawning sites, according to criteria established in the literature,
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present in the system. An historical site survey would yield data on the number and location of sites being
used by the salmonids in the system.
Once the sites have been located and inventoried, characterization of dominant and subdominant substrate
particle size would take place (if possible). Some gravel sampling could be done with the current method
on exposed bars/riffle crests at low flow. Characterizing the particle sizes composing a riverbed and the
percentage of the total volume comprised by each is useful for characterizing the quality of potential
spawning gravel. If sampling for composition across a transect, the population from which sampling
occurred could be described as all sites with a water depth less than x meters.
Spawning Gravel Scour
The current Spawning Gravel Scour Survey methodology measures scour by inserting scour chains into
the riverbed. This is not feasible in deep water but may be possible in shallow areas of large rivers, such
as riffle crests at low flows.
Additional parameters and data collection methods potentially useful in large rivers
Additional parameters and data collection methods have been suggested in the literature or by
practitioners as being of potential use for characterizing salmonid habitat in large fiver channels, Included
here are some &those most pertinent to Pacific Northwest regional and anadromous salmonid habitat
concerns. The parameters have been divided into two sections, in-channel features and out-of-channel
features.
In-channel
Significant impediments to salmonid migrations can be either a natural feature, e. g., a waterfall or they
can be structures put into place for human uses. Collecting information on the nature and extent of any
migration blockages is useful for establishing the limiting factors on a salmonid population. The type of
data collected about these impediments would be mostly descriptive, with additional measurements made
of the distance between the water surface above and below the obstruction, and the length of time a
human structure has been in place.
Out of channel features
Riparian or riverside vegetation is of interest for its role in maintaining bank stability, and channel edge
habitat. Parameters that could be used to characterize the riparian area are: the percentage of the
mainstem channel in contact with the riparian forest, vegetation types and densities, buffer zone width,
channel migration zone, floodplain area, bank stabilization or hardening efforts and riparian forest stand
age. These types of surveys can be done from aerial photos except for vegetation types, densities, and
stand age which require field surveys.
Remote Sensing Methods Useful for Data Collection
Remote sensing methods are ideally suited to overcoming the access and safety concerns associated with
deep swift rivers. As shown in Table 1, though, not all of the parameters currently measurable with TFW
Monitoring Methodology can be measured via remote sensing, nor is every method suited for measuring
every parameter.

D-6

TFW Monitoring Program Status Report: July 1995.dune 1997

Table 1. Parameters suited to measurement by remote sensing methods
Video Mapping
Parameter to be
Aerial
monitored
Photos
X
Channel width
X
Channel depth
Habitat units
Large woody debris
Spawning habitat
availability

X
X

X
X

X

X

Digital Elevation
Mapping
X

Satellite
Images
scale
dependent

X
X
scale
dependent

It is important to have a knowledge of different remote sensing methods and their applicability to
monitoring salmonid habitat in large rivers. Following is a brief description of some different methods that
may be useful for that purpose.
Aerial Photography
Low elevation aerial photographs are well suited for monitoring some parameters. Bank erosion,
sediment load, vegetation patterns along banks, locations and size of log jams, and in some conditions,
bottom materials and surface water characteristics can be identified and monitored for changes. Aerial
photos can be produced using black and white or color infrared (CIR) film and many different
photographic techniques. The type of technique used would be dependent on which parameters were of
interest. Measurements can be estimated from aerial photos if ground panels have been used, however
accuracy rarely approaches 90% (Greentree and Aldrich 1976). As with all remote sensing methods,
expense is a concern. The factors that affect the costs of producing aerial photos are: (1) air distance to
the stream, (2) the number of streams and distance between streams to be photographed, (3) the length of
the stream, (4) the scale of photography, (5) the number of criteria and photo techniques to evaluate
habitat, and (6) the number of ground checks required to validate photo classes and to obtain additional
data (Greentree and Aldrich 1976).
Video Mapping
Video Mapping is an array of images produced from flying over a watercourse at a chosen elevation. It
involves a complex array of equipment that is flown over an area by either a fixed wing aircraft or a
helicopter. This technology is ideal for monitoring linear features, thereby being better suited to less
sinuous channels. The video is time stamped and ortho corrected by an on-board system. The products of
the flight are a video tape and digital files of the video images. With special software and a frame-grabber
card for a personal computer, the video images can be viewed on a computer (486 or better), and any
frame retrieved from the digital files. These can then be queried for the x, y, and z coordinates of any
selected point (except those obscured by vegetation or water surface) or manipulated in a variety of
ways. Images can be imported into a Computer Aided Design (CAD) program and maps or mosaics of
several images produced.
Video Mapping can be used to monitor channel changes over time such as bank erosion or recovery,
riparian corridor growth/regrowth, formation and change of gravel bar locations or large woody debris
jams, and to overcome the access and safety constraints associated with high flows and flooding. It is not
suitable for monitoring gravel composition, spawning gravel scour, or other riverbed features as it cannot
consistently capture images below the water’s surface at the required resolution.
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Digital Elevation Mapping
Digital elevation mapping is very similar to video mapping. In addition to the other equipment described
above, a scanning laser is employed as well, which gives topographic information at a more accurate
level. This also allows for the production of channel cross-section maps to be generated as one of the
products.
Airborne hydrographic surveying is also available for underwater topographic surveys. The Larsen 500
Scanning Lidar Bathymeter is flown over the area to be surveyed at an altitude of 500 meters. Infrared
and blue/green laser pulses scan the water’s surface and bottom across a 270 meter swath with depth
penetrations up to 40 meters.
Satellite Imagery
Satellite images cover a wide area, allowing (depending on scale) a viewer a watershed wide view. The
resolution is currently too coarse, as shown in Table 2, to be useful for detailed parameter measurement,
but the technology is changing quickly toward a finer resolution.
Table 2. Comparison of Aerial and Satellite Ortho Images from Thorpe 1996)
Aerial Orthophoto
Imagery
3’
to
1
meter
Resolution
8
Bits per pixel
NMAS accuracy
1" = 20’ to 1" = 1,000’
Cloud cover
None
Little
Leaf cover
$1,000 to $70
Cost per square mile
$9 to $27
Cost per screenful
3 to 12 months
Availability
from cities or counties
Current sales channel

Satellite Orthorectified
Imagery
I to 30 meters
11
l" = 200’ to 1" = 2,000’
Sometimes
Often
$100 to $1
$39 to $348
3 days to 6 weeks
Interact

Conclusion
Remote sensing can be used to monitor some parameters of salmonid habitat under certain conditions.
Table 3 compares the methods described above in terms of general applicability to monitoring salmonid
habitat.
Table 3. Remote sensing method comparison
Image Generation
Resolution of’
Method
Image
Aerial Photos
Video Mapping
Digital Elevation
Mapping
Satellite Imagery

Amount of
Coverage

Medium
High
High

Medium
Low
Low

Cost of
Comparable
Coverage
High
Low
High

Low

High

Low
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Selection of methods for monitoring salmonid habitat characteristics in large deep channels is based upon
many considerations; the parameters to be measured, sampling strategy, timing of the sampling, the size
of the area to be covered, and the resources available. Information presented here can be used to identify
potential methods, given the study design criteria. There is a need, however, to design, test and compare
methods for use in large deep channels. A comparison of remote sensing data and field collected data for
certain specific parameters would be extremely useful for anyone designing a monitoring plan.
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5. Introduction
Interpretation of salmonid habitat monitoring data suffers from a lack of information on the influence of watershed and
channel conditions on important spawning and incubation habitat parameters. Productive spawning and incubation habitat
requires a sufficient quantity of gravel that is of suitable size for the construction of redds, and that is relatively free of fine
sediment (Platts and Megahan 1975; Platts et al. 1989). Past research has documented some effects of watershed and
channel factors on the availability and panicle size composition of gravel deposits throughout a stream system, but a
method for interpreting spawning and incubation habitat conditions in the context of these factors has yet to be developed.
The physical properties of a watershed and the sediment supplied to stream channels exert a dominant influence on the
availability and composition of spawning gravel deposits (Collins and Dunne 1990). Duncan and Ward (1985) found a
correlation between the percentage of a basin composed of sedimentary rock and the amount of fine sand, silt and clay
particles in spawning gravel. In streams draining watersheds with mixed geologies, resistant basaltic rocks dominated
spawning riffles because soft sedimentary sandstone broke down more quickly. Increases in sediment can increase
spawning habitat in systems where gravel supply is naturally limited, but can destabilize habitat in sediment rich systems
(Collins and Dunne 1990). Typically, bed material becomes finer following sediment inputs (Lisle 1982). Additionally,
erosion associated with land-use activities often generates predominately fine material (Klingeman 1981 ), which can
infiltrate riffles and degrade spawning habitat.

Instream factors, including gradient, stream power and large woody debris (LWD) loading can also have an important
impact on the availability and composition of spawning gravel deposits. Sediment size typically decreases in a downstream
direction due to abrasion and weathering during transport, and a reduction in stream power and transport competence in
lower gradient channels (Dunne et al. 1981). In the Stillaguamish River Basin, Benda et al. (1992) observed that low
gradient channels (< 2%) on recent terraces had 46% more channel area in spawning gravel than reaches with steeper
gradients and higher stream power further upstream. Buffington (1995) observed that channels with abundant LWD had
the greatest amount of variability in substrate size and hydraulic conditions, contributing to spawning habitat diversity.
Channels with low levels of LWD often had substrate too large for salmonid spawning and little diversity in spawning
habitat.
The purpose of this pilot study was to explore the effects of basin lithology, stream gradient, and sediment supply on
salmonid spawning habitat in order to improve interpretation of habitat monitoring results. Field data on surface substrate
size and spawning gravel composition at likely spawning sites, and the abundance of spawning-sized substrate in the
bankfull channel were collected on streams throughout Washington State. These data were analyzed to identify factors that
might improve interpretation of spawning habitat monitoring data and suggest directions for more focused research.

6. Methods
Streams were stratified primarily according to basin lithology, and secondarily according to gradient and sediment supply.
Additionally, LWD pieces were counted and sorted into categories based on diameter and location in the channel (SchuettFlames et at. 1994a). LWD information was not used to stratify sites, but was collected to help interpret the results of the
analysis.
Watersheds were selected from three lithology types in Washington state: (1) the volcanic lithologies of southwest and
eastern Washington; (2) the glacial lithologies of Puget Sound and northwest Washington; and (3) the sedimentary
lithologies of southwest and northwest Washington. Geology maps available in Watershed Analyses and from the
Washington Department of Natural Resources were used to select watersheds dominated by a single lithology type. The
lithology types were verified in the field, and individual streams that flowed through aberrant rock types were excluded.
For each lithology type, individual stream reaches were stratified into gradient categories of 1-2% and 24% based on
information taken from Watershed Analysis maps or calculations from USGS topographic maps. Gradients were also
surveyed in the field with a clinometer. When the field surveys yielded different results than map gradients (which was
common), the gradient taken in the field was used. Stream segments were also stratified into high or low sediment supply
categories based on mass wasting information taken from Watershed Analyses, knowledge of local workers, and field
observations. Unfortunately, there was no systematic method for incorporating bank erosion and surface erosion processes
into the stratification process, and the transport and breakdown of sediment in the channel was not carefully considered.
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Sites were screened out if they were too difficult to access or did not contain enough spawning gravel to sample.
Altogether, data were collected from 20 stream segments: eight on tributaries of the Chehalis River draining basalt on the
east side of the Willapa Hills and the south side of the Black Hills; eight on the Kitsap Peninsula draining glacial materials;
and four on tributaries of Vesta Creek and Little North River, which drain marine sediments the west side of the Willapa
Hills. Table 1 contains a stratified list of the study sites.
Table 1. Study site locations stratified by basin lithology, sediment supply, and gradient.
Low Sediment Supply Sites
1-2%

Basin
Lithology

High Sediment Supply Sites
1-2%

24%

2-4%

Basalt

Sherman Creek
Mima Creek Trib

Sherman Creek
Lost Valley Creek

EF Chehalis River
Thrash Creek

Big Creek
Sage Creek

Glacial

Tahuya River
Wildcat Creek

Erdman Creek
Shoe Lake Drainage

Big Beef Creek
Big Anderson Creek

Big Anderson Creek
Big Anderson Cr Trib

Sedimentary

Vesta Creek Trib

Vesta Creek Trib

WF Vesta Creek

Salmon Creek Trib

Spawning habitat was characterized by collecting data for several habitat characteristics in a study reach within each
identified stream segment. Study reaches were typically between 300 m and 500 m, but one study reach was as short as 190
m. Table 2 contains a list of each habitat parameter and the measure used to quantify it. The distributions of the data for
each habitat parameter within each lithology were compared pair-wise using the Kolmogorov-Smirnov (KS) test. All three
possible comparisons (basalt to glacial, basalt to sedimentary, and glacial to sedimentary) were tested. A brief description
of the data collection method for each parameter follows, and the results of the statistical analysis are provided in the next
section.
Table 2. Spawning habitat parameters and measures calculated from them.
Habitat Parameter

Measure

Spawning gravel particle size composition

geometric mean diameter of particle sizes

Spawning gravel fine sediment levels

percent of particles < 0.85 mm

Surface substrate particle size composition

median panicle size (D50) from pebble count

Small spawning gravel availability

percent surface substrate between 8 - 64 mm

Large spawning gravel availability

percent surface substrate between 65 - 128 mm

Total spawning gravel availability

percent surface substrate between 8 - 128 mm

Spawning gravel particle size composition and spawning gravel fine sediment levels were determined from bulk substrate
samples. Samples were collected on suitable spawning sites (riffle crests or patches of gravel) with a McNeil sampler and
processed using volumetric methods (Schuett-Hames et al. 1994b). Geometric mean particle size was calculated using the
method of moments (Young et al. 1991), and the level of fine sediments was calculated as the percentage of particles less
than 0.85 mm diameter by volume. Additionally, at each bulk sampling location, between 60 and 75 pebbles were tallied
into size categories using the pebble count method (Wolman 1954). From these data, the median grain size (D50) was
calculated as a measure of surface substrate composition and an index of stream power.
The availability of appropriately-sized spawning gravel was determined by setting up transects perpendicular to the bankfull
channel at 20 meter intervals. Each transect was divided into sections on the basis of the dominant size class (more than 50
% of the surface by area) of the surface material, and the length of each section was recorded. All of the substrate in the
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bankfull channel along the transect was assigned a dominant size class. Spawning habitat availability was calculated as the
percentage of the bank.Cull channel dominated by material from 8 mm to 128 ram, 8 mm to 64 ram, and 65 mm to 128 ram.

7. Results
The results of the statistical analysis are discussed separately for the differences between the three lithologies and
differences between the gradient and sediment supply sub-groups within each of the lithologies.

7. f Differences Between Lithologies
Substantial differences were observed in the spawning habitat characteristics between the three lithologies. Spawning
habitat in the sedimentary lithology was significantly different from that of the glacial and basalt lithologies for all six of
the spawning habitat parameters analyzed. Spawning habitat in glacial and basalt lithologies were significantly different
from each other for four of the six parameters (GMPS, D50) large spawning gravel and small spawning gravel). For all
three lithologies, .each spawning habitat parameter is discussed individually below.

7.1.1 Geometric Mean Particle Size (GMPS)
The most evident difference between the lithologies is the much greater concentration of GMPS values in the range from 0
to 6 mm for the sedimentary lithology compared to the basalt and glacial lithologies; 71% of the samples from the
sedimentary lithology have GMPS values in this range compared to only 19% and 14% for the basalt and glacial lithologies,
respectively. The sedimentary lithology has the smallest medal GMPS category (> 0 to 2 ram) and the glacial lithology has
the largest medal GMPS category (> 12 to 14 ram). The KS tests comparing the distributions resulted in significant
differences (P < 0.01) for all three pairs of possible lithology comparisons.

7.1.2 Percent Fine Sediment (< 0.85 mm)
The most evident difference between the lithologies is that the majority of the samples from the basalt and glacial
lithologies (63% and 65%, respectively) have percent fine sediment values _< 18%, while no samples from the sedimentary
lithology (0%) have percent fine sediment values -< 18%. The sedimentary lithology has the largest modal percent fine
sediment category (> 60% to 63%). The medal category of the basalt and glacial lithologies is > 12% to 15%. The KS tests
indicated that the distributions of the data for the basalt and glacial lithologies are not significantly different from each
other (P = 0.35) but the sedimentary lithology is significantly different from the other two (P < 0.01).

7.1.3 Median Grain Size (D50)
The most evident difference between the lithologies is the much greater concentration of the samples with D5o values _< 12
mm in the sedimentary lithology (38%) compared to the basalt (0%) and glacial (3%) lithologies. There is also a much
greater concentration of D5o values >- 36 mm in the glacial lithology (71%) compared to the basalt (6%) and sedimentary
(0%) lithologies. The glacial lithology has the largest modal D5o category (>40 to 42 mm) and the basalt lithology has the
smallest medal D5o category (>14 to 16 mm). The KS tests comparing the distributions resulted in significant differences
(P < 0.01) for all three pairs of possible lithology comparisons.

7.1.4 Small Spawning Gravel Availability (8-64 mm)
The most evident difference between the lithologies is the much greater prevalence of transects with no gravel (0%) in the
8-64 mm range in the sedimentary lithology (18%) compared to the basalt (3%) and glacial (3%) lithologies. Otherwise,
there are no large differences between the distributions. The modal category of small spawning gravel for the basalt and
glacial lithologies is > 50% to 55% and > 45% to 50%, respectively. The model category for the sedimentary lithology is
0%. The KS tests comparing the distributions resulted in significant differences (P < 0.08) for all three pairs of possible
lithology comparisons.

7.1.5 Large Spawning Gravel Availability (65-128 mm)
The most evident difference between the lithologies is the much greater prevalence of transects with no gravel (0%) in the
65-128 mm range in the sedimentary lithology (84%) compared to the basalt (42%) and glacial (36%) lithologies. The
distributions of the data for the basalt and glacial lithologies are very similar. The modal category of percent large
spawning gravel for all three lithologies is 0% The next most prevalent category is > 5% to 10% for the basalt and glacial
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lithologies (16% and 11%, respectively) and > 20% to 25% for the sedimentary lithology. The KS tests comparing the
distributions resulted in significant differences (P < 0.01) for all three pairs of possible lithology comparisons.
7.1.6 Total Spawning Gravel Availability (8-128 ram)
The most evident difference between the lithologies is the much greater prevalence of transects with no gravel (0%) in the
8-128 mm range in the sedimentary lithology (16%) compared to the basalt (2%) and glacial (1%) lithologies. The
distributions of the data for the basalt and glacial lithologies are very similar. The modal category of percent total spawning
gravel is > 60% to 65% for the basalt lithology and > 50% to 55% for the glacial lithology. The modal category for the
sedimentary lithology is 0%. The KS tests indicated that the distributions of the data for the basalt and glacial lithologies
are not significantly different from each other (P = 0.57) but the sedimentary lithology is significantly different from the
other two (P < 0.01).

7.2 Differences Between Gradient and Sediment Supply Sub-groups
Although there were statistically significant differences in spawning habitat characteristics between lithologies, no
meaningful patterns were observed in the data for the gradient and sediment supply sub-groups. Due to small sample sizes
and the large spread of the data, no statistical tests were used to compare the distributions of the sub-groups.
7.2.1 GMPS
The GMPS distributions for the sub-groups within each lithology are quite variable for the basalt and glacial lithologies.
The distributions of these data for the glacial sub-groups are especially broad. The distributions of the sub-group data
within the sedimentary lithology are the narrowest.
7.2.2 Percent Fine Sediment
The percent fine sediment distributions for the sub-groups within each lithology are quite variable for all three lithologies.
In the sedimentary lithology, the distributions of the two high supply sub-groups are generally to the right of the
distributions of the two low supply sub-groups (i.e., they are distributed among categories with larger fine sediment values).
The opposite trend is evident in the basalt and glacial lithologies. Whether these are true trends or just an artifact of the
stream segments sampled needs to be investigated further with additional sampling of other stream segments.
7.2.3 Median Grain Size (D50)
The D5o distributions for the sub-groups within each lithology are quite variable for all three lithologies, especially for the
glacial lithology.
7.2.4 Small Spawning Gravel Availability (8-64 mm)
The distributions of the percentage of small spawning gravel (8-64 ram) data for the sub-groups within each lithology are
quite variable for all three lithologies. In the sedimentary lithology, the majority of the transects with no gravel in the 8-64
mm size range occurred in the low gradient/high sediment supply sub-group.
7.2.5 Large Spawning Gravel Availability (65-128 mm)
The distributions of the percentage of large spawning gravel (65-128 mm) data for the sub-groups within each lithology are
not as dissimilar as they are for the other parameters. The distribution of the data in the high gradient/high sediment
supply sub-group is different from the others in that it has a smaller percentage of the no large spawning gravel (0%)
category than the other sub-groups in both lithologies. The distributions of the data for the sub-groups in the sedimentary
lithology are all very similar.
7.2.6 Total Spawning Gravel Availability (8-128 mm)
The distributions of the data within the sub-groups are similar for both the basalt and glacial lithologies. The distributions
of the data within the sub-groups for the sedimentary lithology are similar except for the low gradient/high sediment supply
sub-group in which the majority (1 l of the 14) of samples with no spawning gravel occurred.
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8. Conclusions and Recommendations
Several conclusions and recommendations can be drawn from the data collected and analyzed in this pilot project. The
statistical analysis indicates that conclusions should be drawn separately for the differences found between lithologies and
the differences found between gradient and sediment supply sub-groups within each lithology.

8.1 Differences Between Lithologies
8.1.1 Conclusions
1. Significant differences were observed among the basalt, glacial, and sedimentary lithologies, with the most persistent
differences observed for the sedimentary lithology. Clearly, lithology type plays an important role in controlling
spawning habitat characteristics.

8.1.2 Recommendations
t. A larger number of segments should be randomly selected in each lithology to verify the result.
2. A wider variety of lithologies within and outside of the three broad lithology categories used here should be sampled to
explore other possible differences between lithology types.
3. Similar results obtained for all six parameters, so it would make sense to narrow down to one or two to reduce sampling
time and effort. Using the parameters for spawning gravel availability would be the best choice for stream segments
randomly selected throughout a watershed.

8.2 Differences Between Gradient/Sediment Supply Sub-groups
8.2.1 Conclusions
1.

No clear patterns were observed in the sub-group data. The small number of segments sampled for each sub-group and
the simplistic means of stratifying streams by sediment supply may have prevented the detection of meaningful trends.

8.2.2 Recommendations
1.
2.

Collect data from a greater number of stream segments for each sub-group, so statistical tests can be run on the data.
Develop a more sophisticated system for stratifying stream segments. The system should account for all possible
sources of course and fine sediment in the managed forest environment, including bank erosion, mass wasting and
surface erosion. It should also account for differences in sediment transport and storage in order to effectively stratify
stream segments. The use of sediment budgeting techniques (Dietrich et al. 1982) should be explored for this purpose.
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