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DEDICATION

to

Tim Curtis
1944 - 1996

The authors of the third edition of tBalifornia Salmonid Stream Habitat Restoration Manuafish

to dedicate their work tdim Curtis. Tim served with distinction with the California Department of

Fish and Game as a fishery biologist, program supervisor, and patient mentor from 1971 to 1996. He
was a pioneer in the Department’'s modern salmonid habitat restoration program and a contributing
author to the second edition of this manual. Tim died much too young at age fifty-one, October 19,
1996, after a courageous battle with brain cancer.

Tim was a friend and motivational guide to all he came near. Although his life was
brief he left his creative, inspirational mark on many. The third edition of this manual
is part of his living legacy passed on through the present authors, and as such will

continue to help improve the health of a resource he loved: the salmon and steelhead
of California.
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PREFACE

The first edition of this manual, written by Gary Flosi and Forrest Reynolds, and published
in 1991, formally synthesized and described the Department of Fish and Game's approach and
technical methods for anadromous salmonid habitat restoration. From 1991 through 1994 the first
edition was broadly distributed and used as a "standard methods" text by many habitat restoration
and resource inventory workers. As a result, many suggestions for improvement of the manual
were received by the authors.

The second edition, by Flosi and Reynolds was supported by a team that included the
authors of this third edition, and was published in October of 1994. The second edition included a
number of revisions: 1) a reorganization of sections for project planning and project
implementation; 2) the just then recently revised stream channel classification system developed by
David Rosgen; 3) a new monitoring and evaluation section; 4) a listing of all databases used for
resource inventory and analysis as presented in the manual; 5) a protocol for a large woody debris
inventory; 6) a description of required environmental review processes and permits; 7) an
expanded and updated listing of sensitive species; and 8) numerous editorial changes to text and
data forms.

This third edition, like the second, incorporates changes recently developed in the practice
of stream habitat inventory and restoration. The authorship list has changed with this edition to
more accurately reflect the contributions of the writing team members. The manual is presented in
binder form in this edition to more easily and economically incorporate future additions and
developments as they evolve. Use the registration form in the front of this manual if you want to
receive updates or revisions to this manual.

The authors anticipate the continued widespread distribution and use of this manual will
promote the implementation of the restoration techniques discussed. Additionally, in an effort to
develop common methods for data collection and data storage of information, the authors
encourage all anadromous salmonid resource assessment professionals to utilize protocols and
database structures presented in this manual.

Readers should also be aware that computer data entry and data summary programs are available
upon request for all data collection protocols presented in this manual.

To obtain further copies of this manual, or a 3.5 inch, high density diskette containing the data
analysis programs for the methodologies presented in this manual, use the order form in Appendix
R or write to:

California Department of Fish and Game

Inland Fisheries Division

ATTN: Salmonid Habitat Restoration Coordinator

1416 Ninth Street

Sacramento, California 95814

or telephone: (916) 654-5997 or (916) 653-6194 to request an order form.
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FOREWORD

Over the past few decades, the field of fishery restoration has evolved into a full fledged
specialty within the general context of environmental science. Writers on the subject have been
prolific but the formal literature is broadly scattered and frequently contradictory. The Department
of Fish Game has experienced an increasingly pressing need to define and explain its approach to
fish restoration, and to describe acceptable and preferred methods. The Salmon, Steelhead Trout,
and Anadromous Fisheries Program Act of 1988 (Chapter 1545/88) made restoration of anadromous
fish state policy and placed a high priority on the program. The level of concern for these fish was
demonstrated by the urgency clause attached to the legislation and in many subsequent State and
Federal documents and proclamations.

In August, 1997, SenatellB271, by Senator Mike Thompson, created the Salmon and
Steelhead Restoration Account. This provided significant multi-year funding for projects dedicated
to the restoration of California’s coastal salmon and steelhead watersheds and streams. SB 271
also provides DFG with the ability to grant funds to assess and improve watershed conditions
impacting salmonid streams regardless of a problem’s location in the watershed. This allows the
restoration effort to better address “key” watershed impacts to include upslope and/or non-point
source erosion sites deleterious to fish habitat. Furthermore, the legislation provided funding for
coordinated planning, evaluation, and monitoring of restoration projects. This legislation also
contained an urgency clause and was signed as such by Governor Pete Wilson.

This manual formally explains and describes the DFG ground level approach to restoration
of fishery resources, and standardizes our descriptive terminology and technical methods. Principal
emphasis is on salmon, steelhead, and trout; therefore this manual is principally intended to be used
to assist in restoration efforts for those species in California. Although the process of habitat
evaluation and basic restoration techniques are generally similar for California salmonids, their
habitat preferences are frequently dissimilar. Therefore, applications must be selected that are
suitable for the specific target species and life stage. The basic habitat assessment techniques are
applicable for any fluvial fish species.
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PART I. SALMON AND STEELHEAD HABITAT RESTORATION IN CALIFORNIA

DEVELOPMENT OF CALIFORNIA'S PRESENT
FISH HABITAT RESTORATION PROGRAM

Many Federal, State and local agencies, and Indian tribes, together with private interests,
are actively involved in fish habitat improvement. Modern efforts to protect, restore, and improve
fish habitat date back to the era immediately following statehood when hydraulic mining, gold
dredging, and other destructive land use practices remained largely out of control. Laws
prohibiting hydraulic mining and limiting many other potentially destructive land use practices had
been passed before 1900, and land use controls have been gradually strengthened throughout the
ensuing years. Truly comprehensive efforts to restore or improve fish habitat were coincident with
the advent of the Civilian Conservation Corps in1B80's and continued to grow with availig
of Dingell-Johnson Act funds from the federal excise tax on fishing equipment.

In about 1979, the new state Forest Practices Act together with the Porter-Cologne Water
Quality Act, California Environmental Quality Act, and the National Environmental Policy Act
began to provide a strong basis for multi-disciplinary protection and improvement of fish habitat.
The recent publications declaring the needs and benefits for an expanded program of salmon and
steelhead restoration are summarized as follows:

An Environmental Tragedy published in 1971 by the Citizen's Advisoryroittee on Salmon

and Steelhead Trout and the California Department of Fish and Game Staff Working Committee.
This report documented 80 percent, 65 percent, and 64 percent decline in North Coast steelhead,
coho and chinook runs, respectively, from 1940 to 1970. Sacramento-San Joaquin fall-run chinook
experienced a 46 percent decline from 1953-1969. The report recommended aggressive action to
halt the declines, which resulted in legislative action to protect stream habitat and upgrade
hatcheries.

A Conservation Opportunity published in 1972 by the Citizen's Advisoryr@uittee on Salmon

and Steelhead Trout and the California Department of Fish and Game Staff Working Committee.
The report summarized legislative action taken to protect salmon and steelhead stocks. It also
pointed out that fish managers and user groups needed to adopt an offensive, rather than a
defensive program of fisheries management. Protecting and enhancing the resource should be
stressed, rather than just reducing the losses. Major opportunities were identified in the areas of
improving water quality, spawning gravel, watershed conditions, artificial fish rearing, and
maintaining and enforcing scientifically sound catch regulations. Expanded Federal Anadromous
Fish Act funding was recommended to help accomplish these goals.

The Time is Now published in 1975 by the Citizens Advisoryr@oittee on Salmon and

Steelhead Trout, also known as the California Advisory Committee on Salmon and Steelhead
Trout. This report summarized the recommendations and legislative actions of the first two reports
and stressed that full restoration of fishery losses was needed immediately. It recommended
artificial rearing projects, off-stream operations, better land use planning, expanded funding for
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fisheries from the State General Fund, and obtaining help from local governments in protecting
fisheries.

A Prospectus For the Future published in 1979 by the Resources Agency. This report described
the Renewable Resources Investment Fund (RRIF) and how it will be used as a public investment
in fisheries, forests, soils, parks, and water for future generations. In fisheries, it proposed an
investment of $25-3fillion in salmon hatcheries and restoration over a 10-year period, and
another $25-3nillion for habitat rehabilitation. The fishery goals were to double the salmon

runs, add 600,000 fish to the annual salmon commercial fishery, 50,000 to the ocean sport fishery,
and 50,000 to the river catch. This would be accomplished through artificial rearing,
reconstructing spawning riffles, removing salmon migration blockages, improving stream flows,
screening water diversions, and restoring watersheds. These goals were not achieved.

Investing For Prosperity- published in 1981 by the Resources Agency. This report described in
detail the Geothermal Resources Fund, RRIF, and the Energy and Resources Fund. It mentioned
that RRIF has been used to rear two million yearling salmon andiG@atiles of stream had been
opened for salmon spawning by the California Conservation Corps. Additional fishery goals for
the year 2000 were described, including increasing salmon and steelhead populations by 300,000
annually, and adding 600,000 adult salmon and steelhead annually to recreational and commercial
fish landings, increasing wetland habitat from 500,000 to 750,000 acres, reopenmiteSQ@d

salmon and steelhead habitat, acquiring 60,000 acres of key fish and wildlife habitat, restoring the
Sacramento-San Joaquin Estuary fisheries, tripling the California annual oyster production,
increasing abalone production by one million pounds, increasing the combined production of
scallops, mussels, and clams by 100,000 pounds, providing an additiomaillib®Ourban

recreational fishing days, and improving the availability of fish and wildlife resource data. It also
stated that Sikes Act funding would be supplemented withiti@n in state funds annually for

habitat improvement projects on U.S. Forest Service lands. Few of these goals were achieved.

Investing For Prosperity An update was published by the Resources Agency in 1982. It

described the 20-year plan and provided status reports of program implementation including
proposed special fund expenditures for expanding Nimbus Hatchery, salmon and steelhead habitat
restoration, habitat acquisition and improvement, artificial reef construction, Salton Sea Resources
Utilization Plan, shellfish habitat development and enhancement, wildlife and fish habitat
relationships program, and kelp restoration.

The Tragedy Continues published in 1986 by the California Advisoryr@mittee on Salmon and
Steelhead Trout. The earlier findings of the Citizens Advisory Committee on Salmon and
Steelhead Trout are updated. The conclusions are: 1) Salmon and steelhead production and
utilization are important parts of the state's economy; 2) There has been a significant loss or
degradation of suitable habitat and a resulting reduction in production; 3) Immediate action must
be taken to begin to reverse these trends and restore this valuable resource. The report discusses
issues that should be incorporated in a management and restoration plan and lists issues
recommended for legislative action. The report states in reference to habitat: "Specifically, it is
almost always more cost effective to prevent damages than to clean up afterward."” and: "It is
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extremely important to base restoration efforts on a sound plan, beginning at the state level, as the

need for restoration of salmonid populations is urgent and only limited resources are available for
the task."

Restoring the Balance published in 1988 by the California Advisoryi@mittee on Salmon and
Steelhead Trout. This report once again identified salmon and steelhead conservation problems
and restoration opportunities. Problems and opportunities in this report were grouped by
watershed. A focused, well-managed program of habitat protection and repair was proposed. It
would require changes in water allocation policies and practices so that adequate stream flow and
appropriate water temperatures would be provided for salmon and steelhead throughout the year.
Also the need for innovative education programs to inspire environmental awareness was
proposed. This report led to the passage of "The Salmon, Steelhead Trout, and Anadromous
Fisheries Program Act".

The present program is the product of the State's efforts to comply with both federal and
State legal and policy requirements and directives. Those laws and policies that most directly
influence fish habitat restoration activities in California are included for reference in Appendix A.

ORGANIZATION AND FUNDING OF CALIFORNIA'S
FISH HABITAT RESTORATION PROGRAM

Fisheries management and habitat restoration in California are principally responsibilities
of the California Department of Fish and Game (DFG). Other agencies active in the effort include
the California Conservation Corps (CCC), California Department of Transportation
(CALTRANS), California Department of Forestry and Fire Protection (CDF), California
Department of Water Resources (DWR), Regional Water Quality Control Boards (RWQCB),
Environmental Protection Agency (EPA), United States Fish and Wildlife Service (USFWS),
National Marine Fisheries Service (NMFS), United States Forest Service (USFS), United States
Bureau of Land Management (BLM), AmeriCorps, Natural Resources Conservation Service
(NRCS), County Resource Conservation Districts (RCD’s)and numerous local agencies. The DFG
program is centrally administered through Inland Fisheries Division and includes seven
administrative regions responsible for fish management, production, and habitat in their respective
geographic areas.

Initial efforts were almost entirely funded under the Federal Aid in Sport Fishing
Restoration Act, using Federal funds from excise taxes on sporting equipment. In 1980, the Energy
and Resources Fund was used to contract with CCC to set up a cooperative fisheries restoration
project. This million-dollar-a-year program has continued to the present. Passage of the Bosco-
Keene Assembly BiB51 in 1981 made an additional fillion available for cooperative fish
restoration projects. Since the early days of the salmon restoration effort there has been a series of
funding sources including: Senate B00, Assembly #f 1705, Propositions 19, 70 and 99,
Commercial Salmon Trollers’ Enhancement Fund, Steelhead Report Card, and most recently
Senate Bilk71, authored by Senator Mike Thompson.

Currently, public funding for fish habitat and fish rearing programs can come from sales of
angling licenses and stamps, permit fees, federal excise taxes on angling equipment and items
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associated with angling, penalty assessments, the State General Fund, sales of environmental

license plates, transfer of funds to the Fisheries Restoration Account through the state budget act,
mitigation accounts, and statewide initiatives specifying fish habitat as a beneficiary.

Over the years, funding for restoration work has also been supported by private sector
cooperative efforts that have involved matching funds, in-kind contributions, and volunteer efforts.
Today, this concept of cooperation between the public and private sectors is a growing and
powerful force in watershed restoration in California.

This pool of funds and effort has sustained the DFG stream habitat restoration program.
The level of expertise of both public and private cooperators has increased significantly and a high-
quality program that incorporates the best in public and government involvement and commitment
has emerged in California. However, the task of restoring California's watersheds and anadromous
fisheries remains formidable and can only be successful with greatly increased public and private
cooperation and commitment.

FISHERY RESTORATION PLANNING OBJECTIVES

Prior to planning a fishery restoration program or project, a clear definition of the problem
or issue to be addressed must be developed. Next, and often a more difficult step, clearly
identifiable objectives that reflect the intent and capabilities of the proponent must be developed.
Those objectives must be clearly developed to enable formulation of an appropriate, detailed work
proposal. They will dictate the type and level of pre-project inventoeesssary to assess the
present condition of the fish resource and to estimate the probable benefit of the proposed work. In
the Eel and Russian rivers the Department of Fish and Game (Department) has established Basin
Planning Projects (BPP) to facilitate and/or conduct these and other planning activities. These two
projects are producing tributary reports with restoration recommendations, and general basin plans
within their respective watersheds. DFG is currently expanding its basin planning efforts based
upon the progress made by these projects. The Salmon Restoration Project (SRP), based in
Fortuna, also conducts tributary inventory activities throughout the State. Additionally, the
Department has recently produced a statewide steelhead management plan to provide general
guidance for improving that fishery.

The design of fish habitat restoration projects requires identification of the specific habitat
factors limiting fish production, beginning with the factor most critically affecting the final
quantity and quality of adult fish produced. Identification of the critical habitat needs for the
fishery under consideration, through file searches or new field studies, will determine the scope,
direction and probable monetary investment required to meet project objectives. The methods
described in this manual will help the planner identify critical fish habitat needs, develop suitable
restoration work plans, and determine the appropriate level of post-project evaluation and
monitoring needed to assess the effectiveness of the work.
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PART II. PRELIMINARY WATERSHED ASSESSMENT

To get the big picture relative to present and potential fish production in a stream or stream
system it is necessary to first understand the processes at work in the watershed. Geology,
topography, precipitation, soils, vegetation, and human impacts working together comprise the
watershed. Watershed is defined as the total land area draining to any point in a stream, as
measured on a map, an aerial photo or other horizontal plane. A watershed can also be called a
catchment area, a drainage area, or a basin.

An important part of any watershed assessment includes becoming familiar with various
types of maps and their uses, historical stream surveys, literature and file reports on sediment
sources, hydrology, water appropriations and impoundments, timber and other resources,
management practices, and with zoning or other restrictions. This should be accomplished before
entering into a formal field survey.

The data gathered in the watershed assessment will:

° Provide basic information on past and present land and other natural resources
management, and on present and potential fish production;

o Provide statistical information on water and fish habitat quantity and quality;
o Aid in assessing needs for additional studies;
° Provide a basis for development of fish habitat or artificial production projects and

necessary project evaluation procedures.
WATERSHED OVERVIEW

Often, most of the information necessary for a watershed assessment can be gathered prior
to going into the field. This information can be entered on the "Watershed Overview Work Sheet,"
then entered into a database for analysis and storage. If a computer is to be used for storage and
analysis, a dBASE 1V file, Watershd.dbf, is available from Inland Fisheries Division on diskette.

The database structure is described in Appendix I.
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Tools and Supplies

Maps and aerial photographs. United States Geological Survey (USGS) 7.5-minute
topographic maps (quadrangles) are the minimum required.

Planimeter

Map measuring tool (map wheel)

Topographic map template (dot grid overlay)

Latitude and longitude calculator (Coordinator brand)

Calculator

Computer

Watershed Overview Work Sheet

Instructions for Completing the Watershed Overview Work Sheet

1) Date - Enter the day's date (mm/dd/yy).
2) Investigator - Enter the name of the person responsible for the data on the work sheet.
3) Stream Name- Name of the stream as it appears on the 7.5-minute USGS quadrangle.
4) PNMCD: Enter the official numeric code for the stream according to the EPA River Reach
File. EPA River Reach file is available by writing to:
Office of Wetlands, Oceans and Watersheds
Assessment and Watershed Protection Division
401 M Street
S.W. Washington, D.C. 20240.

5-8) Tributary to - Starting at the subject stream’'s mouth working downstream to the ocean or a
terminal lake, describe the downstream tributary system. Examples: 1) Hollow Tree Creek,
tributary to the South Fork Eel River, tributary to Eel River; 2) Eel River, tributary to the
Pacific Ocean.

9) County - Record the county or counties through which the stream flows.

10) USGS Map- Enter the name(s) of the 7.5-minute USGS quadrangle containing the stream
surveyed beginning at the mouth and progressing to the headwaters.

11) Location - Record township, range, and section (preferably quarter section) at the mouth of
the stream, or at the lowest point of the stream reach surveyed. Also record the latitude and
longitude of the survey starting point. This information can be derived from the 7.5-minute
USGS quadrangle using the Coordinator tool (Appendix M).
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12)  Access- Describe the route used to access the stream or stream reach surveyed. Mention
trails, roads, locked gates, who controls the gates and a phone number, if possible. List any
other special access considerations. Use the other side of the sheet, if needed.

13) Hydrologic Basin Planning Delineation- The State Water Resources Control Board
(State Board), Regional Water Quality Control Boards (Regional Boards), the Department
of Water Resources, and the USGS have agreed on a standard method of delineating
surface water drainage areas in California. Enter the 5 digit Hydrologic Sub Area Number
(HSA) from the Water Resources Control Board hydrologic basin planning maps. See
Appendix C for information on the maps and where to get copies.

14)  Aerial Photos- Enter the photo numbers, years, and source of any available aerial photos.
A list of sources for aerial photos is given in Appendix D.

15) Stream Order - Stream order is a classification based on the branching pattern of river
systems (Strahler 1957). A first order stream is defined as the smallest un-branched
tributary to appear on a 7.5-minute USGS quadrangle (1:24,000 scale) (Leopold et al.
1964). This system includes only perennial streams (i.e. those with sufficient flow to
develop biota). When two first order streams join, they form a second order stream. Then,
when two second order streams join, they result in a third order stream; and as streams of
equal order meet they result in a stream of the next higher order (Figure 1I-1).

ORDER NUMBER l NUMBER OF STREAMS
1 — 22
2 —— 4
3 sy 2
4 L ] 1

Figure 1lI-1. Stream order designation (Strahler, 1957).

16) Total Length - Enter the total length of the perennial stream. This can be approximated
using a map measure and a 7.5-minute USGS quadrangle.
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17) Drainage Area- The drainage area includes all area that drains to the subject body of
water. Drainage divides follow ridges and saddles and cross contour lines at right angles
(Figure 11-2). Compute the total drainage area in sgoeles using a planimeter, or a dot
grid overlay, available from most drafting supply stores, and a 7.5-minute USGS
guadrangle.

.0
§ Q
i »
1 <
\/O\\/\k
Figure 11-2. Drainage area calculation.

18) Summer Base Flow- Summer base flow, as used here, is the lowest flow recorded in a
given year. If base flow information is available, record it in cubic feet per second (cfs).
Enter the source of your information; whether it was an estimate of the flow, or measured
with an instrument; and the date of the sample.

19) Elevations- Record the elevation at the stream's mouth and the approximate elevation of
the headwater areas at the basin crest. These elevations can be obtained from USGS
topographic maps.

20) Lakes in Watershed- Record the number and square miles of lakes in the watershed
(preferably using a 7.5-minute USGS quadrangle and a planimeter).
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21)

22)

23)

24)

25)

26)

Fish Species List the fish species known to exist in the stream using existing surveys on
file with DFG, USFS, etc. This may be updated if found to be incorrect, or if conditions are
found to have changed since the previous surveys. Use the abbreviations for names of
fishes and invertebrates found in Appendix E. Also include data source, survey technique,
and date. For example: DFG files Eureka, electrofishing, 1991.

Endangered/Threatened/Sensitive SpecieRecord any listed species known to exist in

this watershed. Include your data source and date. The State of California "List of State
and Federal Endangered and Threatened Fishes and Crustaceans,” (Revised October 1996)
is included as Appendix F. This list is maintained by DFG Natural Heritage Division

(NHD) and is revised quarterly (January, April, July, and October). Current copies of the

list may be obtained from NHD or other divisions and regional offices. In addition all

species identified in "Fish Species of Special Concern of California” by Moyle, Williams,

and Wikramanayake need to be considered as well as other aquatic species included on the
"Special Animals" list maintained by the Natural Diversity Data Base (NDDB) in NHD.

Endemic Stocks- Endemic stocks are defined as "only historic naturally reproducing fish
originating from the same stream or tributary." If the stream is known to have an endemic
stock, specify the fish species and the data source and date.

Fishery Management Concepts Record the management which best describes the
stream. In some cases there may be more than one. This information is available by
contacting the DFG District Biologist.

° Cold Water: All cold water non-anadromous fish species.

o Anadromous: Any fish species that migrates upstream from the ocean to spawn.

° Warm Water: All warm water fish species.

° Natural Production: Naturally reproducing stocks from the drainage or from stocks
outside the basin of which the stream is part.

° Mixed Production: Stocks include natural production and hatchery produced fish
from streams within or from outside the basin.

° Other: If there is a special circumstance that does not fit into any of the above
categories. Be specific.

Stream Flow Data- If flow data has been collected entefor true or, if not enteF for

false. A list of gaging stations is available from the Department of Water Resources. Other
potential sources for flow data include the USGS, USFS, DFG, local water districts, power
authorities, and private consulting firms. Enter the source and date of your information.

Water Quality Data - EnterT if data has been collected, lBif it has not been collected
on that watershed. If true enter the source and date of your information.
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27)  Ownership - Federal, State, Private Measure and enter the total stream miles that are
federal, state, or privately owned. This information can be obtained from the county parcel
maps at the county courthouse. Add any pertinent information such as "the entire
watershed is under ownership of one timber company,” or "there are multiple private
landowners," etc.

28) Major Land Uses in Watershed- Enter major uses with the codes listed below in
parentheses. More than one code can be used. These codes correspond with entry fields in
the DFG Watershd.dbf database, described in Appendix I.

° Q) Road development
(1a) Paved roads
(1b) Unpaved roads

° 2) Timber harvest

° 3) Mining
(3a) Open pit
(3b) Hard rock
(3¢) Suction dredge

° (4)  Agriculture
(4a) Livestock grazing
(4b) Land under cultivation

° (5)  Wilderness
(5a) Federal wilderness area
(5b) State park or wilderness area

° (6) Water developments
(6a) Large hydroelectric facility
(6b) Small hydroelectric facility
(6¢) Diversion
(6¢cl) Water exported out of basin
(6¢2) In basin

° @) Developed recreation
(7a) Ski areas
(7b) Campgrounds

° (8) Dispersed recreation

° 9) Urbanization

° (20) Off highway vehicle area

° (12) Other, explain in additional information

29) Comments- Enter comments required to clarify any entries.
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MAPS AND THEIR USES

Maps are among the most basic sources of watershed information. There are many types
of maps, each depicting its own set of information on a watershed. The more useful types include
geologic, topographic, soils and vegetation, land use, and isohyetal maps.

Geological survey maps show the general geologic and other significant land form and
landmark features in a watershed. They are available directly from USGS. University libraries
usually have a good selection of USGS maps, both topographic and geological.

Topographic maps use elevation contours, which are lines joining areas of equal elevation
to show total relief, slopes, and drainage patterns. Topographic maps, such as the USGS 7.5 and
15 minute series, also indicate streams, lakes, and major human features such as roads, railroads,
and settlements.

Soils and vegetation maps are available from the United States Natural Resources
Conservation Service (NRCS). A knowledge of soil types in a watershed will help understand and
evaluate infiltration, runoff, slope stability, and soil susceptibility to erosion. Vegetation found in
an area depends on solil type, climate (precipitation and temperature), topography, and natural or
human surface disturbances. The combination of geology, topography, lisadlie,cvegetation,
and disturbance determines slope stability. Modification of vegetation by fire, logging, ranching,
road building, or other disturbances can increase erosion and have severe consequences to soils,
runoff, and groundwater storage capacity in a watershed.

Land use and ownership maps can help identify human activities which may have major
impacts on a watershed. National Forest maps indicate boundaries between federally owned forest
land and private land or other lands. BLM also can provide very good land ownership maps.
Common human activities that can disturb a watershed include mining, grazing, timber harvest,
agriculture, recreation, and urbanization. Knowing land uses in a basin will provide general
comprehension of the present and probable future human impacts on the drainage. Ownership
maps will indicate parties responsible for management of land within the watershed, and the initial
contact for access permission for field surveys or restoration project construction.

Isohyetal maps depict average yearly precipitation rates for specific areas within a
watershed. Lines on the map join areas of equal precipitation and basic human and geographic
features are usually shown. Used in conjunction with precipitation charts for a weather station in
or near the watershed, it is possible to estimate the total amount, intensity and seasonality of
precipitation. This data can then be used to predict the timing and magnitude of normal annual
stream discharge, or normal frequency of exceptionally high or low flows in any given time period.
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USGS publishes an index to topographic and other map coverage. This index and the
different types of maps published by USGS may be obtained from:

Western Mapping Center
U.S. Geological Survey
345 Middlefield Road
Menlo Park, CA 94025

AERIAL PHOTO INTERPRETATION: HISTORICAL SEQUENCE

Aerial photographs (air photos) present the view looking straight down from an aircraft to
the ground. Orthophotoquads are black-and-white photo images prepared from air photos that have
been adjusted to eliminate image cis@iment.

Image displacement is caused by distortion of distances near the edge of air photos. This
distortion occurs because the center of the photo is directly underneath the camera in the airplane
but the edges of the photo are not. This causes a slight distortion of the distances at the edge of the
photo (they appear slightly longer as compared to distances at the center of the photo). Therefore,
there is a slight difference in the scale at the edge of the photo compared to the center.

Orthophotomaps are multicolor orthophotoquads which have had extensive cartographic
treatment including contours, lettering, and some symbols. Orthophotoquads, orthophotomaps, and
aerial photographs are especially valuable when used in conjunction with topographic maps, soils
and vegetation maps, and geologic maps.

Historical photo sequences from earliest to most recent can provide an important
perspective and greatly add to understanding present conditions in a watershed. By inspecting
photo sequences of an area from the oldest to the most recent, a careful observer can obtain an
overview of natural or human induced land disturbances, and of changes in land uses and
vegetation. Stereo images which can be produced optically by viewing overlapping photos through
a stereoscope are especially good for observing topography, mass erosion sites and riparian areas.

Significant factors or possible resource problems that can be revealed through review of
aerial photos include large burned areas, dams and diversions, urbanization, roads, stream
crossings, landslides and their possible causes, other major erosion areas, timber management
practices, riparian vegetation, stream channels, estuarine areas, and altered drainage patterns.
These and other observed phenomena can have major impacts on a fishery resource. A review of
this kind can suggest possible fishery restoration or production priorities before ever stepping into
the field. However, field review is certainly a necessary next step to verify suspected watershed
problems before any prioritization or design can occur.

USFS and private timber companies with large land holdings keep up to date inventories
of air photos covering their lands. Private air photo companies, county planning departments,
municipal water districts, CDF, DFG, city and county planning departments, Indian reservations,
local colleges and universities, NRCS, BLM, and other natural resource agencies are all potential
sources of air photos. See Appendix D for a list of aerial photographic sources.
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HISTORICAL STREAM SURVEY REVIEW

After completing a map and air photo assessment, a thorough review of previous surveys
that have been conducted on the project stream is in order. This review will summarize
information currently available from various agencies on the history of the stream and will provide
important background for development of a restoration or enhancement plan.

Most state and federal agencies that manage fisheries have a file of old stream surveys for
every stream in their jurisdiction. These surveys can have a variety of formats and may be
confusing to the inexperienced person. In most cases useful information can be obtained from
them. For example, virtually all surveys include a rough description of the fish habitat ditgessib
and availability, usually in the form of migration barrier locations and a pool to riffle (P:R) ratio.

In addition, surveys usually give an indication of the species and sizes of fish that occupy a stream
and their relative abundance. These are typically very rough estimates and it should not be
assumed that all stream surveys are accurate. However, they can be useful indicators of what to
expect during the stream inventory.

Many stream surveys have a hand-drawn or photocopied map included with them on
which various physical stream characteristics are located. Some items which can prove to be
important and should be carefully noted are survey access points, tributary confluences, and other
land features which can provide location points. Other physical features which are often included
on the map or in the text of the survey, and which are important to note are: fish migration barriers,
road crossings, water diversions, major landslides, log debris accumulations, dams, etc. The
condition and size of the features as well as the date of the survey on which they were first
identified should be noted. Information from previous surveys can be very useful for purposes of
comparison when the stream inventory is conducted. Some previously reported problems,
especially fish migration barriers, could be high priority treatment sites for habitat restoration
activity and should be verified during the habitat survey.

WATER

The most basic habitat requirement for salmonids is water. As the human population of
California increases, there is a growing demand for water for human needs. Even in rural
watersheds the number and degree of water extractions from streams or ground water can impact
flows needed to sustain fish. Landowners and managers can "own" water rights granted by the
State Water Resources Control Board. A water right can be in the form of deeded access to a
spring, for example, or an impoundment, a "riparian™ water right, or an agricultural stream
diversion. They are granted in terms of pipe flow, cubic feet per second, or even in acre feet per
year. Additionally, in some areas of rural California, a considerable amount of water is taken from
small streams without a water right.

All these extractions have an effect on the aquatic system (in some cases de-watering small
streams in summer) so it is important to determine the extent of water use within a watershed. The
California Department of Water Resources (DWR) maintains impoundment and diversion records,
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which are available in report, database, or Geographical Information System (GIS) formats. The

Water Resources Control Board grants water rights and maintains those records. The State and
Regional Water Quality Control Boards are also useful sources of watershed information.

RIPARIAN ZONE

The riparian zone borders the stream and is the transition area to the upper watershed. The
zone interacts with the channel and bears strongly on the structure and function of the aquatic

ecosystem. The structure and composition of the riparian zone can be affected by the stream type
and its active channel, as well as by geologic and topographic features (Figure 11-3).
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Figure 11-3. Diagrammatic representation of functional roles of riparian zones (Lamberti
and Gregory, 1989).

Functions of the riparian zone include:
[ J

o Providing litter and invertebrate fall.
[ J

° Providing large woody debris.

PRELIMINARY WATERSHED
ASSESSMENT

Controlling the amount of lighteaching the stream which affects temperature and
productivity.

Providing stream bank cohesion and buffering impacts from adjacent uplands.
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For most practical purposes the riparian zone can be considered the terrestrial component
of the stream environment. Riparian zones are typically subject to partial or complete flooding and
riparian vegetation is adapted to the particular climatic and topographic attributes of the zone.
Riparian zones are the links between the terrestrial and aquatic ecosystems. An extremely close
relationship exists between the riparian zone, the fluvial processes of the channel, and fish habitat.

Management of streams for fisheries resources must include the riparian zone as a vital
part of the stream ecosystem. In addition to Fish and Game Code Section 1600 rules (Part V1), the
importance of this near-stream zone has led the Board of Forestry (BOF) to designate it as a
Watercourse and Lake Protection Zone (WLPZ). The BOF has developed protection rules that
regulate near-stream timber harvest activities. These rules are subject to periodic review,
evaluation, and revision.

Recruitment of large trees into stream systems as structural elements is becoming less
commonplace and is cause for concern for the future of this vital fish habitat component.
Reduction of riparian vegetation can also result in decreased stream bank stability and increased
channel width. The result can be widening and braiding of the channel, loss of channel structure
and fish habitat, and subsurface flow during the summer low flow season. It is imperative to
recognize the importance of the riparian zone and include it in any stream habitat restoration effort.

SEDIMENT SOURCES

Sediment is an important and vital component of instream fish habitat. Salmonids are
dependent upon sorted and well distributed gravel reaches to spawn successfully. The gravel must
be reasonably free of fine sediment in order for eggs and embryo to survive and emerge as fry.
Young fry further depend on gravel and cobble interstices for escape cover.

In an undisturbed watershed, the stream sediment budget exists in dynalbicuequ
Human activity in a watershed usually disturbs the natural supply rate of sediment from its sources,
as well as the rapidity with which sediments move through a stream system. Dam construction, for
example, reduces the supply of sediment to a stream atichitaransport flows. Poor road
construction and maintenance usually increase rates of sediment delivered to streams and increase
runoff rates.

Human land use activities, especially roads, as well as natural geologic and soil conditions,
affect sediment production and can have a major impact on the floodplain and stream channel form
and flow pattern. Channel form and pattern are key factors affecting fish habitat. Increased
sediment yield to streams, if not scoured by seasonal flows, can result in streambed aggradation
and development of severe stream bank instability. As sediments are deposited, the stream channel
is forced to widen as the substrate surface level rises. When the channel width increases, the
stream shallows and the surface area exposed to the sun increases in relation to the volume of
water. Solar heating is increased and higher water temperatures result. This causes changes in
habitat suitability, species composition and aquatic biomass.

In an active streambed, gravel, cobble, boulders, and organic debris that form critical
components of fish habitat must be continuously replenished from upland or near stream sources
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since they are transient and move through the stream system during transport flows. It is possible
to determine the dominant sediment sources in a watershed by a combination of aerial photograph
analysis and field inspection of road and stream bank conditions. Geologic and soil maps can also
be very useful in this determination.

Sediment is derived from three primary sources in a watershed: 1) mass wasting (or
landslides) in which soil, rock, and other debris are moved down slope by gravity; 2) surface
erosion in which finer materials are transported by wind or overland flow of water when
precipitation exceeds the infiltration capacity of the soil; 3) stream bank and stream channel
erosion in which erosion products are washed from the streambed, banks, or overflow areas by
stream flow.

Mass Wasting

Mass wasting may be categorized as either shallow or deep seated, and is often triggered
by an undercut of a slope and/or a buildup of soil-water pressure during heavy rains. illitlge stab
of a slope can be reduced by expansion and contraction from periodic freezing or supersaturation,
ground disturbance, or changes in vegetation. The location of historic, active, and potential
landslides can often be determined from aerial photographs. Ground reconnaissance can determine
the volume and stability of landslides as well as the dominant particle size originating from the
slide.

There are many types of mass movement, any of which might be called a landslide.
Landslides come in all sizes and shapes, and their movement may be sudden and extremely rapid
occurrences, or they may be imperceptible except for the debris deposition at their toe. These slow
moving, long-term landslides take many forms but are often slumps or earth avalanches that can be
identified by curved head wall scarps, crooked or "jackstrawed" trees, or cracks in the soil. Mass
wasting can be greatly accelerated by human land use within a watershed, particularly in
relationship to road systems and other earth disturbance activities.

Surface Erosion

Diversion or capture of streams and storm runoff by roads or other disturbed or excavated
areas can cause greatly accelerated erosion in the foilis, @fullies, landslides, enlarged stream
channels, or even new stream channels. Extensive study has determined that the majority, in some
cases as much as 70 percent, of eroded sediment is caused by watershed road systems. For
example, blocked culverts are a common feature that can divert water onto a road, or into its
inboard ditch until it breaks across the roadway, often causing massive erosion on the road and
both the uphill and downhill slopes it encounters. &aferosion from unconsolidated sources
such as overland flow during very heavy downpours or rapid melting of hail or snow, or strong
wind usually results in movement of sand-sized or smaller sediments in a form called sheet
erosion. Altered drainage patterns and widening of storm runoff channels can be identified from
analysis of a sequence of air photos taken over a number of years and from ground inspection of
drainage patterns where they are intercepted by roadways or other disturbance.
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Heavy grazing, fire, or other surface disturbance can also accelerate surface erosion.
Because this erosion tends to be more uniformly distributed over the land surface, it is often
difficult to recognize or quantify.

Stream and Channel Erosion

Erosion is the natural process that cuts stream channels, and can form river canyons and
create river valleys. The rate of erosion is generally determined by the stream gradient and the
resistance of the channel material. Obstructions to flow in the channel can accelerate stream bank
erosion as flows are redirected. Mass side slope erosion is typically triggered by stream bank
erosion undercutting unstable slopes and can add substantially to bedload.

The erosion process is continuous and self-renewing from the uppermost slopes down
through the valley floors and estuaries. Down cutting, meander, aggradation and deposition are all
natural erosion processes that must be given careful consideration as part of a fish habitat inventory
or evaluation.

HYDROGRAPHS

For all gaged streams a hydrograph can be generated. A hydrograph is a graph showing,
for a given point on a stream, the discharge, stage, velocity, or other property of water with respect
to time. A hydrograph may be made for daily, monthly, or annual discharges. Depiction of long
periods such as an annual hydrograph can be used to determine low flow, summer base flow,
winter base flow, and flood discharges (Figure 11-4). A list of stream flow gaging stations is
available from the California Department of Water Resources. Gaging station data is usually
available in university libraries as well.

Salmonids are dependent upon different flows during various life stages, and their
presence, absence, and movements are influenced by flows. Therefore, hydrographic data are
useful for fisheries assessment. Low summer flows, for example, affect the ability of fisheries
personnel to conduct habitat and biological assessment activities. Winter and spring spawning
surveys must be timed according to adult access flows. Scheduling for these surveys, as well as
calibrating the survey results can be facilitated by reviewing hydrographic data.
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Figure 11-4. Hydrograph.

For streams without a gaging station a hydrograph can be constructed by relating the un-
aged stream to a nearby gaged stream of similar drainage area, aspect, and rainfall. If the
information is used for comparison with a gaged stream, flow in the un-aged stream is assumed to
vary in a manner similar to the gaged stream. For most purposes a simple transformation of the
data can be made by applying a correction factor. For example, if the discharge of the gaged
stream (stream A) is measured at 100, 80 and 60 cfs on different days, and the discharge on the un-
aged stream (stream B) is 120, 96, and 72 cfs on those same days, the correction factor (ratio of
flow in stream B to stream A) would be 1.2 (i.e., to estimate the discharge on stream B on any day,
multiply the discharge of stream A on that day by 1.2). It is preferable to develop correction factors
for several different ranges of flow.

Another way of comparing the stream discharges and extrapolating the discharge of the
un-aged stream is to express the discharge per unit area. For example, the drainage area of stream
A is 200 squareniles and of stream B &15 squareniles (Part I, "Watershed Overview Work
Sheet Data Entry Instructions” for a description of how to calculate drainage area). Stream A
would have discharges of 100+200=0.50 cfs/sg. mi., 80+200=0.40 cfs/sq. mi., and 60+200=0.30
cfs/sg. mi. At the discharges stated, stream B would have discharges of 120+215=0.56 cfs/sqg. mi.,
96+215=0.45 cfs/sq. mi., and 72+215=0.33 cfs/sg. mi. The correction factors would be 0.56+0.50
=1.12, 0.45+0.40=1.13, and 0.33+0.30= 1.10. The average correction factor would be
(1.12+1.13+1.10)+3= 1.12.

This method of extrapolating discharge per unit area is suitable for high flows, but under
low-flow situations it is less useful because the numbers get very small for most streams. For low-
flow situations a simple extrapolation on flow may be more useful.
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By applying the correction factor to prior years' data it is possible to compute the
discharges in un-aged streams and construct annual hydrographs for the selected years. Armed
with these hydrographs, the habitat restoration planner can roughly estimate future flows.

The correlation between two streams is seldom very close or reliable in any single year and
reliance on a correction factor should be undertaken with caution.
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PART Ill. HABITAT INVENTORY METHODS

Following completion of a preliminary watershed overview, a stream habitat inventory
should be conducted. The preferred procedures used to accomplish fish habitat inventory
include: 1) stream channel typing using the stream classification system developed by D. L.
Rosgen (1994); and 2) habitat typing using a variation of the system originally developed by P.

A. Bisson, et al. (1982) and later expanded by others. Stream channel typing describes relatively
long reaches within a stream using eight morphological characteristics. Habitat typing describes
the specific pool, flatwater, and riffle habitats within a stream.

The different habitat types and their boundaries are easily identified once the surveyor
gains experience. Changes in stream channel types are more subtle and require a surveyor to
recognize changes in substrate, channel entrenchment, gradient, and other morphological
characteristics that signal a different channel type.

The field data collected is used for stream analysis and planning. DFG has developed a
data entry and summary program to process the field data (Part V). An examination of the results
will provide the baseline datacessary to determine if habitat modification may be appropriate.

If habitat projects are implemented, baseline data are vital for evaluation and monitoring.

Before deciding whether or not to modify fish habitat in a stream reach, judgements can
be made as to the need and range of suitable structures applicable to the stream channel type.
Rosgen and Fittante (1986), and Rosgen (1994) developed guidelines for evaluating the
suitability of a wide variety of commonly used habitat enhancement designs over a wide range of
channel types. (Pages IlI-8 through I11-21, Stream Channel Type Descriptions and Structure
Suitability).

HABITAT INVENTORY FIELD PREPARATION

All habitat inventory field work must be conducted by two persons. Wading shoes with
non-slip soles are recommended. If hip boots, chest waders, or hiking boots are used, non-slip
soles or non-slip cleats must be worn.

Permission to trespass must be obtained before field work begins on private land
(Appendix N). The designated agency manager of public land should always be notified before
inventory work begins on public land.

Most surveyors use a day pack or a vest to carry their tools and supplies, a coat or rain
gear, food, and water. Do not drink any stream water that has not been purified and treated to
destroyGiardia.

HABITAT INVENTORY FEBRUARY, 1998
METHODS -1



CALIFORNIA SALMONID STREAM
HABITAT RESTORATION MANUAL

This manual uses a modified stream classification system developed by Rosgen (1994).

Tools and Supplies Needed for Two Person Crew

Stream Channel Typing Work Sheet and Habitat Inventory Data Forms
Pencil(s) and waterproof marker(s)

Plastic flagging

Topographic maps (it is best to carry photocopies)
Camera (film)

Thermometer

Watch

Stadia rod (fiberglass, calibrated in tenths)

Fiberglass open reel tape 200 ft.

Optical range finder (optional)

Hand level

Flow meter

Compass

Hip chain and thread

Spherical densiometer

Aluminum clipboard and waterproof notebook

First aid kit

Aluminum nails and tags (for marking reference points)
Cruiser's vest or day pack

Footwear with non-slip soles

STREAM CLASSIFICATION SYSTEM

Stream types are characterized by eight morphological features:

1) Channel width 5) Channel slope
2) Depth 6) Roughness of channel materials
3) Velocity 7) Sediment load
4) Discharge 8) Sediment size

Some applications of stream classification data include:

o Determine the suitability of habitat restoration structures.

° Describe specific stream reaches by channel type and sequence within the basin.

° Predict a stream's behavior from its appearance.

o Describe the condition of the stream and its ability to transport the sediment yield
from the watershed.

° Provide a consistent and reproducible frame of reference for communication
among those working with river systems.
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Stream Channel Type Definitions

The following terminology is provided to gain an understanding of the measurable
information needed to classify stream types.

Channel type unit length: A stream reach must exhibit the same channel type over a minimum
distance of twenty bankfull channel widths to be recognized as an independent stream channel
type unit.

Bankifull discharge (Q,): The dominant channel forming flow, and has a recurrence interval of
1.5 years.

Bankifull depth (d,,): The mean depth measured at bankfull discharge.

Bankfull width (W ,: The channel width at bankfull discharge. This stage is delineated by the
presence of a floodplain at the elevation of incipient flooding and indicated by deposits of fine
sediments such as sand or silt at the active scour mark, break in stream bank slope, and/or
perennial vegetation limit (Figudd-1).

Flood-prone area: Any flat, or nearly flat lowland that borders a stream and is covered by its
waters at flood stage (Figure IlI-1). This is determined at twice the maximum bankfull depth.

Flood-prone width (Wgp): The stream width at a discharge level defined as twice the maximum
bankfull depth.

Wetted width: The width of the wetted stream at the time of the survey. Wetted width is
generally less than bankfull width. Wetted width is also referred to as “low flow channel”.

Stream Type Delineation Criteria

The Rosgen delineation criteria includes general description, width/depth ratio, water
surface slope/gradient, dominant particle size, entrenchment and sinuosity.

General description: A general description of the channel geometry, gradient, bank stability,
substrate, pool or riffle occurrence, etc.
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FLOOD-PRONE AREA

BANKFULL CHANNEL WIDTH

WETTED

Figure 1lI-1. Channel cross section.

Width/depth ratio: The ratio of the bankfull width () ) to the bankfull mean depth (d ).

The categories are:

1) Low (W /dy <12)

2) Moderate to High (W [(d 12 - 40)

3) Very High (W, /ds > 40)

Water surface slope/gradient: The slope of the water surface is measured over a distance of at

least 20 bankfull channel widths at velocity crossovers.

Dominant substrate: The most common particle found on the bed of the stream measured at the
velocity crossover. The particles are classified by their maximum diameter.

PARTICLE SIZE: INCHES
Boulder > 10"
Cobble 2.5-10"
Gravel 0.08-2.5"
Sand < 0.08"
Silt/clay N/A
Bedrock N/A
HABITAT INVENTORY FEBRUARY, 1998
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Entrenchment: The ratio between flood-prone width (W ) and bankfull width, W ). There are
three categories (Figure 1l1-2):

1) Entrenched (W /) <1.4)
2) Moderately entrenched (W [ 1.4t02.2)
3) Slightly entrenched (W A¥ >2.2)

FLOOD—PRONE AREA
|

BANKFULL

ENTRENCHED

FLOOD~-PRONE AREA

BANKFULL

MODERATELY ENTRENCHED

SLIGHTLY ENTRENCHED FLOOD—PRONE AREA

BANKFULL \P_)‘

—P== =

T T T T T =T T =1 [ =TT I——T [ I—T T —

Figure 1lI-2. Entrenchment.
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Sinuosity: The ratio between stream length and valley length (Figure I11-3).

WATERSHED VALLEY LENGTH

o~ STREAM LENGTH
-
7 ~N
\ s .
\ \/
7 -

Figure 1lI-3. Sinuosity.

The following picture depicts a generalized spatial relationship of different stream types
as described by Rosgen (1994). Typically “A” type stream channels are located in the highly
confined steep gradient reaches (4 percent or greater). As you move downstream and confinement
and gradient decrease, stream channels typically grade to “B” and then “C” stream channel
categories until reaching areas of no confinement, typically “D” type stream channels [frigure
4). However, stream order and physiographic position within the drainage do not necessarily
indicate stream type. For example, a “D” stream type may occur in the headwaters of a particular
stream as an alluvial fan downstream of a glacial outfall.

Figure 1lI-4. Relationship of different stream types.
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CALIFORNIA SALMONID STREAM
HABITAT RESTORATION MANUAL

STREAM CHANNEL TYPE DESCRIPTIONS AND STRUCTURE SUITABILITY

Water surface slope/gradient, entrenchment, width/depth ratio, and dominant substrate
are all determined from measurements taken in the field. Sinuosity can be estimated from a 7.5-
minute topographic map by measuring the lengths of the valley and the stream. Each
measurement will be discussed in RHrt"Instructions for Completing the Stream Channel Type
Work Sheet." After the measurements are taken the channel type can be determined using the key
to classification of streams (Figure 111-5).

Delineation criteria represent averages from a population of measurements characteristic
to a wide variety of stream channels. Deviations of measured values from these average values
occur in nature, and represent variability within the range of typical values, as well as variability
from region to region. Rosgen (1996) notes that values for entrenchment and sinuosity can vary
by + 0.2 units, while width-depth ratios can vary by + 2.0 units without necessarily dictating a
change in channel type.

Descriptions of stream channel types, as developed by Rosgen (1994), are presented
below as well as lists of habitat improvement structures suitable for use or consideration in each
stream channel type (Part VI- Instream Structure Suitability By Stream Type).

Stream Channel Types

Al General Description: Steep, narrow, cascading, step-pool streams; high energy/debris
transport associated with depositional soils; very stable bedrock channel.
Entrenchment: Entrenched < 1.4
Water Surface Slope/Gradient: 4-10%

Dominant Substrate Particle Size: Predominantly bedrock.
Width/Depth Ratio: < 12
Sinuosity: < 1.2

Fish Habitat Improvement Structure Suitability: Generally not suitable. High energy
streams with stable stream banks, and poor gravel retention capabilities.

A2 General Description: Steep, narrow, cascading, step-pool streams; high energy/debris
transport associated with depositional soils; boulder channel.
Entrenchment: Entrenched < 1.4
Water Surface Slope/Gradient: 4-10%
Dominant Substrate: Predominantly boulders.
Width/Depth Ratio: <12
Sinuosity: < 1.2

Fish Habitat Improvement Structure Suitability: Generally not suitable. High energy
streams with stable stream banks, and poor gravel retention capabilities.

HABITAT INVENTORY FEBRUARY, 1998
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A3

A4

A5

General Description: Steep, narrow, cascading, step-pool streams; high energy/debris
transport associated with depositional soils; cobble channel.

Entrenchment: Entrenched < 1.4

Water Surface Slope/Gradient: 4-10%

Dominant Substrate: Predominantly cobble.

Width/Depth Ratio: < 12

Sinuosity: < 1.2

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

° Fair for plunge weirs; opposing wing-deflectors; and log cover.
° Poor for boulder clusters and single wing-deflectors.

General Description: Steep, narrow, cascading, step-pool streams; high energy/debris
transport associated with depositional soils; gravel channel.

Entrenchment: Entrenched < 1.4

Water Surface Slope/Gradient: 4-10%

Dominant Substrate: Predominantly gravel.

Width/Depth Ratio: <12

Sinuosity: < 1.2

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

° Fair for plunge weirs; opposing wing-deflectors; and log cover.
° Poor for boulder clusters and single wing-deflectors.

General Description: Steep, narrow, cascading, step-pool streams; high energy/debris
transport associated with depositional soils; sand channel.

Entrenchment: Entrenched < 1.4

Water Surface Slope/Gradient: 4-10%

Dominant Substrate: Predominantly sand.

Width/Depth Ratio: <12

Sinuosity: < 1.2

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

° Fair for plunge weirs; opposing wing-deflectors; and log cover.
° Poor for boulder clusters and single wing-deflectors.

HABITAT INVENTORY FEBRUARY, 1998
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A6

Bl

B2

General Description: Steep, narrow, cascading, step-pool streams; high energy/debris
transport associated with depositional soils; silt/clay channel.

Entrenchment: Entrenched < 1.4

Water Surface Slope/Gradient: 4-10%

Dominant Substrate: Predominantly silt/clay.

Width/Depth Ratio: <12

Sinuosity: < 1.2

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

° Fair for plunge weirs, opposing wing-deflectors, and log cover.
° Poor for boulder clusters; single wing-deflectors.

General Description: Moderately entrenched, moderate gradient, riffle dominated
channel with infrequently spaced pools; very stable plan and profile; stable banks;
bedrock channel.

Entrenchment: Moderately entrenched 1.4 - 2.2

Water Surface Slope/Gradient: 2-4%

Dominant Substrate: Predominantly bedrock.

Width/Depth Ratio: > 12

Sinuosity: > 1.2

Fish Habitat Improvement Structure Suitability:

° Excellent for bank-placed boulders.

° Good for log cover.

° Poor for plunge weirs; single and opposing wing-deflectors; boulder
clusters.

General Description: Moderately entrenched, moderate gradient, riffle dominated
channel with infrequently spaced pools; very stable plan and profile; stable banks;
boulder channel.

Entrenchment: Moderately entrenched 1.4 - 2.2

Water Surface Slope/Gradient: 2-4%

Dominant Substrate: Predominantly boulders.

Width/Depth Ratio: > 12

Sinuosity: > 1.2

Fish Habitat Improvement Structure Suitability:
° Excellent for plunge weirs; single and opposing wing-deflectors; log cover.

HABITAT INVENTORY FEBRUARY, 1998
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B3

B4

BS

General Description: Moderately entrenched, moderate gradient, riffle dominated
channel with infrequently spaced pools; very stable plan and profile; stable banks; cobble
channel.

Entrenchment: Moderately entrenched 1.4 - 2.2

Water Surface Slope/Gradient: 2-4%

Dominant Substrate: Predominantly cobble.

Width/Depth Ratio: > 12

Sinuosity: > 1.2

Fish Habitat Improvement Structure Suitability:
° Excellent for plunge weirs; boulder clusters and bank placed boulder; single and
opposing wing-deflectors; log cover.

General Description: Moderately entrenched, moderate gradient, riffle dominated
channel with infrequently spaced pools; very stable plan and profile; stable banks; gravel
channel.

Entrenchment: Moderately entrenched 1.4 - 2.2

Water Surface Slope/Gradient: 2-4%

Dominant Substrate: Predominantly gravel.

Width/Depth Ratio: > 12

Sinuosity: > 1.2

Fish Habitat Improvement Structure Suitability:
° Excellent for low-stage plunge weirs; boulder clusters; bank placed boulders;
single and opposing wing-deflectors; log cover.

General Description: Moderately entrenched, moderate gradient, riffle dominated
channel with infrequently spaced pools; very stable plan and profile; stable banks; sand
channel.

Entrenchment: Moderately entrenched 1.4 - 2.2

Water Surface Slope/Gradient: 2-4%

Dominant Substrate: Predominantly sand.

Width/Depth Ratio: > 12

Sinuosity: > 1.2

Fish Habitat Improvement Structure Suitability:

° Excellent for bank-placed boulders.

° Good for low-stage weir; single and opposing wing-deflectors; channel
constrictors; log cover.

HABITAT INVENTORY FEBRUARY, 1998
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B6

C1l

C2

General Description: Moderately entrenched, moderate gradient, riffle dominated
channel with infrequently spaced pools; very stable plan and profile; stable banks;
silt/clay channel.

Entrenchment: Moderately entrenched 1.4 - 2.2

Water Surface Slope/Gradient: 2-4%

Dominant Substrate: Predominantly silt/clay.

Width/Depth Ratio: > 12

Sinuosity: > 1.2

Fish Habitat Improvement Structure Suitability:

° Excellent for bank-placed boulders; log cover.

° Good for plunge weirs; single and opposing wing-deflectors; channel constrictors.
° Fair for boulder clusters.

General Description: Low gradient, meandering, point-bar, riffle/pool, alluvial channels
with broad, well defined floodplain; bedrock channel.

Entrenchment: Slightly entrenched > 2.2

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly bedrock.

Width/Depth Ratio: > 12

Sinuosity: > 1.4

Fish Habitat Improvement Structure Suitability:
° Excellent for bank-placed boulders; and log cover.
° Poor for plunge weirs; boulder clusters; single and opposing wing-deflectors.

General Description: Low gradient, meandering, point-bar, riffle/pool, alluvial channels
with broad, well defined floodplain; boulder channel.

Entrenchment: Slightly entrenched > 2.2

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly boulder.

Width/Depth Ratio: > 12

Sinuosity: > 1.4

Fish Habitat Improvement Structure Suitability:
° Good for plunge weirs; single and opposing wing-deflectors; channel constrictors;
log cover.

HABITAT INVENTORY FEBRUARY, 1998
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C3

C4

C5

General Description: Low gradient, meandering, point-bar, riffle/pool, alluvial channels
with broad, well defined floodplain; cobble channel.

Entrenchment: Slightly entrenched > 2.2

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly cobble.

Width/Depth Ratio: > 12

Sinuosity: > 1.4

Fish Habitat Improvement Structure Suitability:

° Excellent for bank-placed boulders.

° Good for plunge weirs; boulder clusters; single and opposing wing deflectors; log
cover.

General Description: Low gradient, meandering, point-bar, riffle/pool, alluvial channels
with broad, well defined floodplain; gravel channel.

Entrenchment: Slightly entrenched > 2.2

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly gravel.

Width/Depth Ratio: > 12

Sinuosity: > 1.4

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

o Fair for plunge weirs; single and opposing wing-deflectors; channel constrictors;
log cover.

General Description: Low gradient, meandering, point-bar, riffle/pool, alluvial channels
with broad, well defined floodplain; sand channel.

Entrenchment: Slightly entrenched > 2.2

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly sand.

Width/Depth Ratio: > 12

Sinuosity: > 1.4

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

o Fair for plunge weirs; log cover.

° Poor for boulder clusters; single and opposing wing
deflectors.

HABITAT INVENTORY FEBRUARY, 1998
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C6

D3

D4

General Description: Low gradient, meandering, point-bar, riffle/pool, alluvial channels
with broad, well defined floodplain; silt/clay channel.

Entrenchment: Slightly entrenched > 2.2

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly silt/clay.

Width/Depth Ratio: > 12

Sinuosity: > 1.4

Fish Habitat Improvement Structure Suitability:

o Good for bank-placed boulders; log cover.

o Fair for plunge weir.

° Poor for boulder clusters; single wing-deflectors and opposing wing-deflectors.

General Description: Multiple channels with longitudinal and transverse bars; very
wide channel with eroding banks; cobble channel.

Entrenchment: No entrenchment.

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly cobble.

Width/Depth Ratio: > 40

Sinuosity: <1.1

Fish Habitat Improvement Structure Suitability:

° Fair for bank-placed boulders; single and opposing wing-deflectors; channel
constrictors.

° Poor for plunge weirs; boulder clusters; log cover.

General Description: Multiple channels with longitudinal and transverse bars; very
wide channel with eroding banks; gravel channel.

Entrenchment: No entrenchment.

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly gravel.

Width/Depth Ratio: > 40

Sinuosity: < 1.1

Fish Habitat Improvement Structure Suitability:

° Fair for bank-placed boulders; single and opposing wing-deflectors; channel
constrictors.

° Poor for plunge weirs; boulder clusters; log cover.

HABITAT INVENTORY FEBRUARY, 1998
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D5

D6

DA4

General Description: Multiple channels with longitudinal and transverse bars; very
wide channel with eroding banks; sand channel.

Entrenchment: No entrenchment.

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly sand.

Width/Depth Ratio: > 40

Sinuosity: < 1.1

Fish Habitat Improvement Structure Suitability:

o Fair for bank-placed boulders; single and opposing wing-deflectors; channel
constrictors.

° Poor for plunge weirs; boulder clusters; log cover.

General Description: Braided channel with longitudinal and transverse bars; very wide
channel with eroding banks; silt/clay channel.

Entrenchment: No entrenchment.

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly silt/clay.

Width/Depth Ratio: > 40

Sinuosity: <1.1

Fish Habitat Improvement Structure Suitability:

° Fair for bank-placed boulders; single and opposing wing-deflectors; channel
constrictors.

° Poor for plunge weirs; boulder clusters; log cover.

General Description: Multiple channels, narrow and deep with expansive well
vegetated floodplain and associated wetlands; very gentle relief with highly variable
sinuosities; stable stream banks; gravel channel.

Entrenchment: Low to zero entrenchment > 2.2

Water Surface Slope/Gradient: < 0.5%

Dominant Substrate: Predominantly gravel.

Width/Depth Ratio: <40

Sinuosity: 1.1-1.6

Fish Habitat Improvement Structure Suitability: Generally not suitable.
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DAS

DAG6

E3

General Description: Multiple channels, narrow and deep with expansive well
vegetated floodplain and associated wetlands; very gentle relief with highly variable
sinuosities; stable stream banks; sand channel.

Entrenchment: Low to zero entrenchment > 2.2

Water Surface Slope/Gradient: < 0.5%

Dominant Substrate: Predominantly sand.

Width/Depth Ratio: <40

Sinuosity: 1.1-1.6

Fish Habitat Improvement Structure Suitability: Generally not suitable.

General Description: Multiple channels, narrow and deep with expansive well
vegetated floodplain and associated wetlands; very gentle relief with highly variable
sinuosities; stable stream banks; silt/clay channel.

Entrenchment: Low to zero entrenchment > 2.2

Water Surface Slope/Gradient: < 0.5%

Dominant Substrate: Predominantly silt/clay.

Width/Depth Ratio: <40

Sinuosity: 1.1-1.6

Fish Habitat Improvement Structure Suitability: Generally not suitable.

General Description: Low gradient, meandering riffle/pool stream with low
width/depth ratio and little deposition; very efficient and stable; high meander width
ratio; cobble channel.

Entrenchment: Slight entrenchment > 2.2

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly cobbles.

Width/Depth Ratio: <12

Sinuosity: > 1.5

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

o Fair for opposing wing-deflectors.

° Poor for plunge weirs; boulder clusters; single wing-deflectors.

HABITAT INVENTORY FEBRUARY, 1998
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E4

ES

E6

General Description: Low gradient, meandering riffle/pool stream with low
width/depth ratio and little deposition; very efficient and stable; high meander width
ratio; gravel channel.

Entrenchment: Slight entrenchment > 2.2

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly gravel.

Width/Depth Ratio: <12

Sinuosity: > 1.5

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

o Fair for opposing wing-deflectors.

° Poor for plunge weirs; boulder clusters; single wing-deflectors.

General Description: Low gradient, meandering riffle/pool stream with low
width/depth ratio and little deposition; very efficient and stable; high meander width
ratio; sand channel.

Entrenchment: Slight entrenchment > 2.2

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly sand.

Width/Depth Ratio: <12

Sinuosity: > 1.5

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

o Fair for opposing wing-deflectors.

° Poor for plunge weirs; boulder clusters; single wing-deflectors.

General Description: Low gradient, meandering riffle/pool stream with low
width/depth ratio and little deposition; very efficient and stable; high meander width
ratio; silt/clay channel.

Entrenchment: Slight entrenchment > 2.2

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly silt/clay.

Width/Depth Ratio: <12

Sinuosity: > 1.5

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

o Fair for opposing wing-deflectors.

° Poor for plunge weirs; boulder clusters; single wing-deflectors.
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F1

F2

F3

General Description: Entrenched meandering riffle/pool channel on low gradients with
high width/depth ratio; very stable if bedrock controlled channel.

Entrenchment: Well entrenched < 1.4

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly bedrock.

Width/Depth Ratio: > 12

Sinuosity: > 1.4

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

° Fair for single wing-deflectors; log cover.

° Poor for plunge weirs; boulder clusters; opposing wing deflectors.

General Description: Entrenched meandering riffle/pool channel on low gradients with
high width/depth ratio; boulder channel.

Entrenchment: Well entrenched < 1.4

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly boulders.

Width/Depth Ratio: > 12

Sinuosity: > 1.4

Fish Habitat Improvement Structure Suitability:
° Fair for plunge weirs; single and opposing wing-deflectors; log cover.

General Description: Entrenched meandering riffle/pool channel on low gradients with
high width/depth ratio; cobble channel.

Entrenchment: Well entrenched < 1.4

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly cobble.

Width/Depth Ratio: > 12

Sinuosity: > 1.4

Fish Habitat Improvement Structures Suitability:

° Good for bank-placed boulders; single and opposing wing-deflectors.

° Fair for plunge weirs; boulder clusters; channel constrictors; log
cover.
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F4

F5

F6

General Description: Entrenched meandering riffle/pool channel on low gradients with
high width/depth ratio; gravel channel.

Entrenchment: Well entrenched < 1.4

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly gravel.

Width/Depth Ratio: > 12

Sinuosity: > 1.4

Fish Habitat Improvement Structures Suitability:

° Good for bank-placed boulders.

o Fair for plunge weirs; single and opposing wing-deflectors; channel constrictors;
log cover.

° Poor for boulder clusters.

General Description: Entrenched meandering riffle/pool channel on low gradients with
high width/depth ratio; sand channel.

Entrenchment: Well entrenched < 1.4

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly sand.

Width/Depth Ratio: > 12

Sinuosity: > 1.4

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

o Fair for plunge weirs; single and opposing wing-deflectors; channel constrictors;
log cover.

° Poor for boulder clusters.

General Description: Entrenched meandering riffle/pool channel on low gradients with
high width/depth ratio; silt/clay channel.

Entrenchment: Well entrenched < 1.4

Water Surface Slope/Gradient: < 2%

Dominant Substrate: Predominantly silt/clay.

Width/Depth Ratio: > 12

Sinuosity: > 1.4

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

o Fair for plunge weirs; boulder clusters; single and opposing wing
deflectors; log cover.

HABITAT INVENTORY FEBRUARY, 1998
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Gl

G2

G3

General Description: Entrenched "gully" step-pool and low width/depth ratio on
moderate gradient; stable if in a bedrock controlled channel.

Entrenchment: Well entrenched < 1.4

Water Surface Slope/Gradient: 2-4%

Dominant Substrate: Predominantly bedrock.

Width/Depth Ratio: <12

Sinuosity: > 1.2

Fish Habitat Improvement Structure Suitability:
o Fair for log cover.
° Poor for boulder clusters.

General Description: Entrenched "gully" step-pool and low width/depth ratio on
moderate gradient.

Entrenchment: Well entrenched < 1.4

Water Surface Slope/Gradient: 2-4%

Dominant Substrate: Predominantly boulders.

Width/Depth Ratio: <12

Sinuosity: > 1.2

Fish Habitat Improvement Structure Suitability:
o Fair for log cover.

General Description: Entrenched "gully" step-pool and low width/depth ratio on
moderate gradient.

Entrenchment: Well entrenched < 1.4

Water Surface Slope/Gradient: 2-4%

Dominant Substrate: Predominantly cobble.

Width/Depth Ratio: <12

Sinuosity: > 1.2

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

° Fair for plunge weirs; opposing wing-deflectors; log cover.
° Poor for boulder clusters; single wing-deflectors.
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G4

G5

G6

General Description: Entrenched "gully” step-pool and low width/depth ratio on
moderate gradient.

Entrenchment: Well entrenched < 1.4

Water Surface Slope/Gradient: 2-4%

Dominant Substrate: Predominantly gravel.

Width/Depth Ratio: <12

Sinuosity: > 1.2

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

° Fair for plunge weirs; opposing wing-deflectors; log cover.
° Poor for boulder clusters; single wing-deflectors.

General Description: Entrenched "gully” step-pool and low width/depth ratio on
moderate gradient.

Entrenchment: Well entrenched < 1.4

Water Surface Slope/Gradient: 2-4%

Dominant Substrate: Predominantly sand.

Width/Depth Ratio: <12

Sinuosity: > 1.2

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

° Fair for plunge weirs; opposing wing-deflectors; log cover.
° Poor for boulder clusters; single wing-deflectors.

General Description: Entrenched "gully” step-pool and low width/depth ratio on
moderate gradient.

Entrenchment: Well entrenched < 1.4

Water Surface Slope/Gradient: 2-4%

Dominant Substrate: Predominantly silt/clay.

Width/Depth Ratio: <12

Sinuosity: > 1.2

Fish Habitat Improvement Structure Suitability:

° Good for bank-placed boulders.

° Fair for plunge weirs; opposing wing-deflectors; log cover.
° Poor for boulder clusters; single wing-deflectors.

HABITAT INVENTORY FEBRUARY, 1998
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STREAM CHANNEL TYPE WORK SHEET

A Stream Channel Type Work Sheet is filled out at the beginning of the survegemd
time the channel type changes. Significant changes in stream gradient, flood plain width,
width/depth ratio, sinuosity or substrate size all indicate possible changes in channel type. The
habitat unit number corresponding with the beginning and ending of each new channel type
should be recorded on the Stream Channel Type Work Sheet and accompanying topographical
field map. Field measurements for stream types are conducted at velocity crossover areas. Water
surface slope measurements are taken between two points that are at least 20 bankfull channel
widths apart. Velocity crossover areas occur where stream velocity changes from slower flatwater
or pool velocities to the swifter riffle velocities. These crossover areas are typically found where
the thalweg of the stream crosses from one side of the channel to the other (Figure 111-6). Further,
stream types should be determined at points where the channel geometry is not affected by outside
influences. Outside influences include road embankments, riprap, landslides, tributaries, etc.
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Figure 11I-6. Velocity crossover areas.
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Instructions for Completing the Stream Channel Type Work Sheet

A channel type unit length must extend over a distance at least twenty times the average
bankfull width.

1) Form No. - Print in the form number. Number the forms sequentially beginning with
"01" on the first page,”"02" on the second, and so on.

2) Channel Type- Enter the channel type code from the completed work sheet.

3) Channel Change Location Enter the habitat unit # where the channel change occurred
from the corresponding Habitat Inventory Data Form.

4)  Cross-Section Location Enter the habitat unit number at the location of the cross
section.

5) Date- Enter the day's date: mm/dd/yy.
6) Stream- Print in the stream name.

7) T-R-S - Enter the township, range and section of the stream confluence. This information
can be obtained from a USGS quadrangle.

8) Surveyors- Enter the names of the surveyors.
9) Quad - Enter the name(s) of the 7.5-minute USGS topographic map(s).

10) Latitude - Enter the stream's latitude in degrees, minutes, and seconds from the Watershed
Overview Work Sheet. These positions can be obtained using a Global Positioning System
(GPS) receiver, a GIS computer program, or a latitude and longitude calculator
(Coordinator brand). (Appendix M).

11) Longitude - Enter the stream's longitude in degrees, minutes, and seconds from the
Watershed Overview Work Sheet. These positions can be obtained using a Global
Positioning System (GPS) receiver, a GIS computer program, or a latitude and longitude
calculator (Coordinator brand). (Appendix M).

12) Determination of Number of Channels- Determine if the channel type reach is
dominated by either a single thread or multiple channel(s) at bankfull discharge.

13)  Bankfull Width (W ) - Measure the width of the stream at bankfull dischargg (Q ). is
measured by stretching a level tape from one bank to the other, perpendicular to the stream
and at the ; line of demarcation on each bapk. Q is determined by changes in
substrate composition, bank slope, and perennial vegetation caused by frequent scouring
flows.
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14)

15)

16)

Transect Recording Box- This form is used to record depths and substrate composition
from 20 stations equally spaced along a fiberglass measuring tape stretched across the
channel at bankfull width. The distances at which measurements are made are recorded in
the recording box’s top row titled “Dist.”. Measurements are taken along the tape line
starting at zero at each predetermined distance point. Depths are the distance from the
tape to the channel substrate below, and are recorded in the middle row titled “Depth.”
Twenty substrate samples are collected at the equidistant sample points along the distance
of the tape by selecting the substrate particle first touched by the stadia rod. The code
number for the corresponding substrate sampled is then recorded in the row titled “Sub.”

Dominant Substrate Determination- When all 20 substrate samples have been

collected, the number of samples of each substrate size are added and the totals are
recorded in the summary section. The substrate most frequently sampled is the dominant
substrate type.

Entrenchment Determination - (Figure 111-7)

Step One:  Flood-Prone Width Elevation - Multiply the deepest bankfull depth
recorded in the Transect Recording Box by two.

Step Two:  Flood-Prone Width (W) - Establish a level plane at an elevation twice
the maximum bankfull depth and measure the distance between the points
where the plane intersects the stream banks.

Step Three: Entrenchment Determination - Divide the flood prone width by the
bankfull width to determine the entrenchment of the channel.

Determine the Bonkful! Width fine of demarcation
on each bank and measure (W, . )

<1> Determine Flood—prone Area width (W) os follows:
STEPS: Record elevotion at Max Depth (A)
Record elevation ot Bonkfull Discharge (B)
(A) — (B) = Max Depth
2 x Mox Depth = Elevation of W,
Subtract 2 x Mox Depth value from (A) to get Wy rod reading (C)
Surveyor's Rod Mf)v- rod upsiope until reading (C) is obtained
_‘ Di bet: two Wpp i is Flood~prone Area width

> Oivide the Wp width by the Wy, width to calculate the
ENTRENCHMENT RATIO

Surveyor/Hand
Level ;
[ B A
! —— —_—— s — —— e —— — — — — — —_—— e ——_—

e \.,{ & L 2 x Mox Dapth

Bankfull Width (W, )

Max Depth

Figure 1lI-7. Entrenchment determination.
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17)

18)

19)

Width/Depth Determination -

Step One:  Mean Bankfull Depth (d,,) - Divide the sum of depths from the transect
recording box by the number of depths measured.

Step Two:  Width/Depth Determination - Divide the bankfull width by mean
bankfull depth to determine the width/depth ratio.

Sinuosity - Determine the ratio between stream length and valley length. These lengths
can be calculated from 7.5-minute USGS topographic maps or aerial photographs using a
map wheel. Sinuosity ratio is only used to distinguish A from G channel types.

Water Surface Slope Determinatior+ To determine stream gradient, establish two

survey stations along the stream at least twenty bankfull widths apart, and located at
velocity crossover locations. Station elevations are set at the level of the water surface on
either side of the stream. A sight level is used to determine the difference in elevation
between the stadia rods. The horizontal distance between the stations is measured along
the thalweg of the stream. The elevation difference is divided by the horizontal distance
and multiplied by 100 to express water surface slope in percentile.
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Form # of
Channel Type Channel Change Location (Habitat Unit#)
Cross-Section Location (Habitat Unit#) Date / /
Stream
T R S Surveyors
Quad Lat Long
Single Thread Channel (Y/N) Multiple Channel (Y/N)
Bankfull Width (W ) = (ft.)
Transect Recording Box
Dist.
Depth
Sub.
Sum of Depths
Dominant Substrate Determination:
Substrate Number
1. Bedrock =
2. Boulder (>10") = (Circle Most
3. Cobble (2.5-10" = Frequent
4. Gravel (0.08 - 2.5") = Occurrence)
5. Sand (<0.08) =
6. Silt / Clay =
Entrenchment Determination:
Step 1: Maximum Bankfull Depth X 2= e (W Elev.)
Step 2: Determine Flood-Prone Width at W Elevation =
Step 3: Flood-Prone Width (W ) / Bankfull Width (W ) = Entrenchment
W, (ft.) / (ft.) = (Entrenchment)
Width/Depth Determination:
Step 1: Sum of Depths / No. Depths = Mean Bankfull Dgpth (d )
Step 2: Bankfull Width (W\; ) / Mean Bankfull Depth (d ) = Width/Depth Ratio
W, (ft.) /g (ft.) = (W/D Ratio)
Sinuosity Determination (Only For A or G Types):
Stream Length | Valley Length = Sinuosity

Water surface slope Determination:
Downstream Level - Upstream Level / Distance (D)
DSL (ft.) - USL (ft.) /(D) (ft.)

Energy Gradient
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HABITAT TYPING

The habitat typing procedure presented is a standardized methodology that physically
describes 100 percent of the wetted channel. It is a composite of systems principally developed
or modified by other investigators and compiled in part by Trinity Fisheries Consulting on
contract to DFG.

Habitat types are described according to location, orientation, and water flow. The
attributes distinguishing the various habitat types include over-all channel gradient, velocity,
depth, substrate, and the channel features responsible for the unit's formation.

A basin-level habitat inventory is designed to produce a thorough description of the
physical fish habitat. Basin-level habitat classification is on the scale of a stream's naturally
occurring pool-riffle-run units. The length of a habitat unit depends on stream size and order.

For basin-level habitat inventory, homogeneous areas of habitat that are equal or greater in length
than one wetted channel width are recognized as distinct habitat units. During basin-level habitat
typing, full sampling of each habitat unit requires recording all characteristics of each habitat unit
as per the "Instructions for completing the Habitat Inventory Data Form" (Part Ill). After DFG
analysis of over 200 stream habitat inventory data sets, it was determinachithasseam

descriptive detail could be accomplished with a sampling level of approximately 10 percent
(Appendix O).

The information provided by habitat and channel typing, and biological information
collected during spawning surveys and/or juvenile rearing surveys aids in determining if critical
habitat needs of a target species are lacking, and if there are areas where improvements can be
made.

There are four levels of classification used to describe physical fish habitat. Each higher
level in the sequence includes more descriptive categories of habitat types (Figure 111-8). Level |
categorizes habitat into riffles or pools. Level Il categorizes riffles into riffle or flatwater habitat
types, for a total of three types (riffle, pool, and flatwater). Level Ill further differentiates riffle
types on the basis of water surface gradient (riffle or cascade), and pool types according to their
location in the stream channel (main channel, lateral scour, or backwater). At Level IV, pools are
categorized by the cause of formation (obstruction, blockage, constriction, or merging flows);
riffles are categorized by gradient; and cascades by gradient and substrate type; and flatwaters are
categorized by depth and velocity. Level IV habitat types are the 24 habitat types listed on page
[11-30 and diagramed on pages I11-31 through 111-42.

Prior to conducting an inventory, the level of data collection necessary to meet the needs
of the investigation should be established. Habitat typing at Level IV will provide the greatest
detail and the most complete description of existing habitat. This data can later be aggregated
into broader levels of habitat classification if detail is found to be excessive.
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RIFFLE POOL Level
RIFFLE | FLATWATER POOL
Level Il
FLAT- MAIN Level IIl
RIFFLE | |CASCADE | \orreo | |opaangl | SCOUR | | BACKWATER
11LGR 2.1 CAS %é%?g 4.1 TRP 5.1 CRP géggg
1.2 HGR 2.2 BRS ' 42 MCP 5.2 LSL : Level IV
3.3RUN 6.3 BPR
43 CCP 53 LSR
3.4 SRN sa4sTp | | 5.4LsBk| | 84BPL
3.5 EDW S oo | 6.5DPL
5.6 PLP

Figure 111-8. Habitat types hierarchy.

Generally a stream will not contain all 24 habitat types. The mix of habitat types will be
reflective of the overall channel gradient, flow regime, cross-sectional profile, and substrate
particle size. Basins that exhibit a wide range in channel gradient will also have a broad mix of
habitat types. Stratifying a basin by channel types helps to predict the location of certain habitat
types.

Project-level habitat typing is used to evaluate and quantify changes in habitat as the
result of fish habitat restoration/enhancement projects. It will provide insight on the relationship
between channel features and habitat development. For project-level habitat typing, the
minimum size of a habitat unit is equal to the width of the wetted stream channel. For a more
detailed habitat analysis, the units can be reduced. The habitat unit size used depends on the
nature and objective of the particular study. Regardless of unit size, Level IV habitat types
should be used.

Habitat typing is intended to yield detailed information that can be used for fisheries
management. Basin-wide habitat typing can provide a variety of data. Some important
applications are:

° Physically describe 100 percent of the habitat in a basin.

° Provide baseline data to evaluate habitat responses to restoration efforts.

o Facilitate restoration planning and fisheries management.

o Determine transect locations for Instream Flow Incremental Methodology (IFIM)

modeling based on habitat availability aaxtessiltity.
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Definition of Habitat Types

The following list of habitat types and their hierarchy has been adapted from the original
system developed by Bisson, et al. (1982), modified by Decker, Overton, et al. (1985), and
Sullivan (1988).

Level | Habitat Types:
RIFFLE:
(Riffle, Cascade, Flatwater)
POOL:
(Main Channel Pool, Scour Pool, Backwater Pool)

Level Il Habitat Types:
RIFFLE:
(Low-Gradient Riffle, High-Gradient Riffle, Cascade, Bedrock Sheet)
FLATWATER:
(Pocket Water, Run, Step Run, Glide, Edgewater)
POOL:
(Plunge Pool, Mid-Channel Pool, Dammed Pool, Step Pool, Channel Confluence Pool,
Trench Pool, Lateral Scour Pool - Root Wad Enhanced, Boulder Formed, Bedrock
Formed, and Log Enhanced, Corner Pool, Secondary Channel Pool, Backwater Pool -
Boulder Formed, Root Wad Formed, and Log Formed)

Level lll and Level IV Habitat Types:

The three or four letter abbreviations in parentheses, (***), are the standardized
abbreviations adopted by DFG. The three digit numbers in brackets, [*.*], are the standardized
numbers adopted by DFG. The numbers in braces, {**}, are the numbers listedPmcifie
Southwest Region Habitat Typing Field Guid&DA-USFS. Table on next page.
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LEVEL lll and LEVEL IV HABITAT TYPES

RIFFLE

Low Gradient Riffle (LGR) [1.1] {1}
High Gradient Riffle (HGR) [1.2] { 2}
CASCADE

Cascade (CAS) [2.1] { 3}
Bedrock Sheet (BRS) [2.2] {24}
FLATWATER

Pocket Water (POW) [3.1] {21}
Glide (GLD) [3.2] {14}
Run (RUN) [3.3] {15}
Step Run (SRN) [3.4] {16}
Edgewater (EDW) [3.5] {18}
MAIN CHANNEL POOL

Trench Pool (TRP) [4.1] { 8}
Mid-Channel Pool (MCP) [4.2] {17}
Channel Confluence Pool (CCP) [4.3] {19}
Step Pool (STP) [4.4] {23}
SCOUR POOL

Corner Pool (CRP) [5.1] {22}
L. Scour Pool - Log Enhanced (LSL) [5.2] {10}
L. Scour Pool - Root Wad Enhanced (LSR) [5.3] {11}
L. Scour Pool - Bedrock Formed (LSBK) [5.4] {12}
L. Scour Pool - Boulder Formed (LSBo) [5.5] {20}
Plunge Pool (PLP) [5.6] { 9}
BACKWATER POOLS

Secondary Channel Pool (SCP) [6.1] { 4}
Backwater Pool - Boulder Formed (BPB) [6.2] { 5}
Backwater Pool - Root Wad Formed (BPR) [6.3] { 6}
Backwater Pool - Log Formed (BPL) [6.4] { 7}
Dammed Pool (DPL) [6.5] {13}
ADDITIONAL UNIT DESIGNATIONS

Dry (DRY) [7.0]

Culvert (CUL) [8.0]

Not Surveyed (NS) [9.0]

Not Surveyed due to a marsh (MAR) [9.1]

Level IV Habitat Type Descriptions:

The following habitat type descriptions are taken fromRéaeific Southwest Region Habitat
Typing Field GuideUSDA-USFS.
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LOW-GRADIENT RIFFLE (LGR) [1.1] {1}

Shallow reaches with swiftly flowing, turbulent water with some partially exposed
substrate. Gradient < 4%, substrate is usually cobble dominated.

HIGH-GRADIENT RIFFLE (HGR) [1.2] {2}

Steep reaches of moderately deep, swift, and very turbulent water. Amount of exposed
substrate is relatively high. Gradient is > 4%, and substrate is boulder dominated.
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CASCADE (CAS) [2.1] {3}

The steepest riffle habitat, consisting of alternating small waterfalls and shallow pools.
Substrate is usually bedrock and boulders.

BEDROCK SHEET (BRS) [2.2] {24}

A thin sheet of water flowing over a smooth bedrock surface. Gradients are highly
variable.
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POCKET WATER (POW) [3.1] {21}

A section of swift-flowing stream containing numerous boulders or other large
obstructions which create eddies or scour holes (pockets) behind the obstructions.

GLIDE (GLD) [3.2] {14}

A wide, uniform channel bottom. Flow with low to moderate velocities, lacking
pronounced turbulence. Substrate usually consists of cobble, gravel, and sand.
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RUN (RUN) [3.3] {15}

Swiftly flowing reaches with little surface agitation and no major flow obstructions.
Often appears as flooded riffles. Typical substrate consists of gravel, cobble, and
boulders.

STEP RUN (SRN) [3.4] {16}

A sequence of runs separated by short riffle steps. Substrate is usually cobble and
boulder dominated.
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EDGEWATER (EDW) [3.5] {18}
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Quiet, shallow area found along the margins of the stream, typically associated with

riffles. Water velocity is low and sometimes lacking. Substrate varies from cobbles to
boulders.

TRENCH POOLS (TRP) [4.1] {8}

P
//////

Channel cross sections typically U-shaped with bedrock or coarse grained bottom flanked
by bedrock walls. Current velocities are swift and the direction of flow is uniform.
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MID-CHANNEL POOL (MCP) [4.2] {17}

Large pools formed by mid-channel scour. The scour hole encompasses more than 60%
of the wetted channel. Water velocity is slow, and the substrate is highly variable.

CHANNEL CONFLUENCE POOL (CCP) [4.3] {19}
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Large pools formed at the confluence of two or more channels. Scour can be due to
plunges, lateral obstructions or scour at the channel intersections. Velocity and
turbulence are usually greater than those in other pool types.
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STEP POOL (STP) [4.4] {23}

A series of pools separated by short riffles or cascades. Generally found in high-
gradient, confined mountain streams dominated by boulder substrate.

CORNER POOL (CRP) [5.1] {22}
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Lateral scour pools formed at a bend in the channel. These pools are common in lowland
valley bottoms where stream banks consist of alluvium and lack hard obstructions.
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LATERAL SCOUR POOL - LOG ENHANCED (LSL) [5.2] {10}

Formed by flow impinging against a partial channel obstruction consisting of large woody
debris. The associated scour is generally confined to < 60% of the wetted channel width.

LATERAL SCOUR POOL - ROOT WAD ENHANCED (LSR) [5.3] {11}

Formed by flow impinging against a partial channel obstruction consisting of a root wad.
The associated scour is generally confined to < 60% of the wetted channel width.
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LATERAL SCOUR POOL - BEDROCK FORMED (LSBK) [5.4] {12}

Formed by flow impinging against a bedrock stream bank. The associated scour is
generally confined to < 60% of the wetted channel width.

LATERAL SCOUR POOL - BOULDER FORMED (LSBo) [5.5] {20}

Formed by flow impinging against a partial channel obstruction consisting of a boulder.
The associated scour is generally confined to < 60% of the wetted channel width.
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PLUNGE POOL (PLP) [5.6] {9}

Found where the stream passes over a complete or nearly complete channel obstruction
and drops steeply into the streambed below, scouring out a depression; often large and
deep. Substrate size is highly variable.

SECONDARY CHANNEL POOL (SCP) [6.1] {4}

Pools formed outside of the average wetted channel width. During summer, these pools
will dry up or have very little flow. Mainly associated with gravel bars and may contain

sand and silt substrate.
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BACKWATER POOL - BOULDER FORMED (BPB) [6.2] {5}

Found along channel margins and caused by eddies around a boulder obstruction. These
pools are usually shallow and are dominated by fine-grain substrate. Current velocities

are quite low.

BACKWATER POOL - ROOT WAD FORMED (BPR) [6.3] {6}

Found along channel margins and caused by eddies around a root wad obstruction. These
pools are usually shallow and are dominated by fine-grained substrate. Current velocities

are quite low.
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BACKWATER POOL - LOG FORMED (BPL) [6.4] {7}

Found along channel margins and caused by eddies around a large woody debris
obstruction. These pools are usually shallow and are dominated by fine-grained substrate.
Current velocities are quite low.

DAMMED POOLS (DPL) [6.5] {13}

Water impounded from a complete or nearly complete channel blockage (log debris jams,
rock landslides or beaver dams). Substrate tends to be dominated by smaller gravel and
sand.
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Instream Shelter

Instream shelter within each habitat unit can be rated according to a standard system.
This rating system is a field procedure for habitat inventories which utilizes objective field
measurements. It is intended to rate, for each habitat unit, complexity of shelter that serves as
instream habitat or that creates areas of diverse velocities which are focal points for salmonids.
In this rating system, instream shelter is composed of those elements within a stream channel that
provide protection from predation for salmonids, areas of reduced water velocities in which fish
can rest and conserve energy, and separation between territorial units to reduce density related
competition. This rating does not consider factors related to changes in discharge, such as water
depth.

Instream Shelter Complexity. A value rating can be assigned to instream shelter complexity.
This rating is a relative measure of the quantity and composition of the instream shelter.

Value Instream Shelter ComplexityValue Examples
0 e No shelter.
1 e One to five boulders.

® Bare undercut bank or bedrock ledge.
® Single piece of large wood (>12" diameter and 6' long) defined as large woody
debris (LWD).

2 ® One or two pieces of LWD associated with any amount of small wood (<12"
diameter) defined as small woody debris (SWD).
® Six or more boulders per 50 feet.
e Stable undercut bank with root mass, and less than 12" undercut.
® A single root wad lacking complexity.
® Branches in or near the water.
e Limited submersed vegetative fish cover.
® Bubble curtain.

3 Combinations of (must have at least two cover types):
e | WD/boulders/root wads.
® Three or more pieces of LWD combined with SWD.
® Three or more boulders combined with LWD/SWD.
® Bubble curtain combined with LWD or boulders.
e Stable undercut bank with greater than 12" undercut, associated with root mass
or LWD.
® Extensive submersed vegetative fish cover.

Instream Shelter Percent Covered.Instream shelter percent covered is a measure of the area of
a habitat unit occupied by instream shelter. The area is estimated from an overhead view.
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Instructions for Completing the
Habitat Inventory Data Form

1) Form No. - Print in the form number. Number the forms sequentially beginning with
"01" on the first page and "02" on the second and so on.

2) Date- Enter the day's date: mm/dd/yy.

3) Stream Name- Print in the stream name.

4) Legal - Enter the township, range and section of the stream confluence or from where you
started the survey from the USGS quadrangle.

5)  Surveyors- Enter the names of the surveyors.

6) Lat - Enter the latitude taken from the 7.5-minute USGS quadrangle at the confluence of
the stream (Part 1l- Instructions for Completing Watershed Overview Work Sheet).

7) Long - Enter the longitude taken from the 7.5-minute USGS quadrangle at the confluence
of the stream (Part Il- Instructions for Completing Watershed Overview Work Sheet).

8) Quad - Enter the name of the 7.5-minute USGS quadrangle on which the confluence of
the stream appears.

9) Channel Type- Record the channel type determined from completing the Stream
Channel Type Work Sheet (Part 1l1). Record in the comments the habitat unit number in
which the channel type change occurs in.

10) Reach- Enter the reach number beginning with 1 for the lowermost channel type in the
basin. Each stream channel type change proceeding upstilkbendesignated by a
new stream reach number.

11) Flow Measurement- Record the flow at the beginning and the end of the survey, at the
same location. Record in cubic feet/second.

12) Time - At the beginning of each page enter the timmilitary time (24-hour clock).

13) Water Temperature - At the beginning of each page record the water temperature to the
nearest degree Fahrenheit. Water temperatures are taken in the middle of the habitat unit,
within one foot of the water surface.

14)  Air Temperature - At the beginning of each page record the air temperature to the
nearest degree Fahrenheit. Air temperatures are taken in the middle of the habitat unit.

15) Page Length- Sum of the mean length for the page.

16) Total Length - Sum of all the page lengths through the current page.

HABITAT INVENTORY FEBRUARY, 1998

METHODS 111-44



CALIFORNIA SALMONID STREAM
HABITAT RESTORATION MANUAL

17)

18)

19)

20)

21)

22)

23)

24)

Habitat Unit Number - Enter the habitat unit number. Record these numbers in
sequential order, beginning with "001" at the survey start. When numbering side
channels begin with the number of the unit where the split or divide begins; use a new
column and entirely fill it out for each subsequent side channel unit, and number the units
sequentially adding a ".1", ".2", etc. as appropriate to describe the exact position of the
side channel units. Example of a side channel with two habitat units:

Habitat Unit Number 005 006| 006.L 006.2f 007
Habitat Unit Type 53] 11 4.2
Side Channel Type 1.1 3.2

Habitat Unit Type - Determine the type of habitat unit and enter the appropriate habitat
type number code. If the unit is dry, use 7.0 for the habitat unit type. If a stream length is
contained within a culvert, use 8.0 for the habitat unit type. If the length of stream was
not surveyed due to lack of access, use 9.0 for the habitat type. If the length of stream
was not surveyed due to a marsh, use 9.1 for the habitat unit type. Record all pertinent
information in the comments.

Side Channel Type- Determine the type of habitat unit and enter the appropriate habitat
type number code.

Mean Length - Enter the thalweg length of the habitat unit, in feet.

Mean Width - Measure two or more wetted channel widths within the habitat unit.
Calculate and enter the mean width for the habitat unit, in feet.

Mean Depth - Take several random depth measurements across the unit with a stadia
rod. Calculate and enter the mean depth, in feet.

Maximum Depth - Enter the measured maximum depth for each habitat unit, in feet.
Depth Pool Tail Crest- Measure the maximum thalweg depth at the pool tail crest, in

feet. This measurement is taken only in pool habitat units and is used to determine the
pool's residual volume.
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25)  Pool Tail Embeddedness Percent cobble embeddedness is determined at pool tail-outs
where spawning is likely to occur. Sample at least five small cobbles (2.5" to 5.0") in
diameter and estimate the amount of the stone buried in the sediment. This is done by
removing the cobble from the streambed and observing the line between the "shiny"
buried portion and the duller exposed portion. Estimate the percent of the lower shiny
portion using the corresponding number for the 25% ranges. Average the samples for a
mean cobble embeddedness rating. Additionally, a value of 5 is assigned to tail-outs
deemed unsuited for spawning due to inappropriate substrate particle size, having a
bedrock tail-out, or other considerations:

1= 0to 25%

2=26to 50%

3=51to 75%

4 =76 to 100%

5 = unsuitable for spawning

26)  Pool Tail Substrate- Enter the letter code (A through G) for the dominant substrate
composition of the tail-out for all pools.

27)  Shelter Value- Enter the number code (0 to 3) that corresponds to the dominant
structural shelter type that exists in the unit (Part Ill- Instream Shelter Complexity).

28)  Percent Unit Covered- Enter the percentage of the unit occupied by the structural
shelter. Classify 100 percent of the shelter by the types indicated on the form. Note:
bubble curtain includes white water.

29)  Substrate Composition- Enter a "1" for the dominant substrate and a "2" for the co-
dominant substrate. Note: changes in the dominant and co-dominant substrate may
indicate that the channel type has changed.

30) Percent Exposed Substrate Enter the estimated percentage of the bottom substrate of
the unit that is exposed above the water surface.

31) Percent Total Canopy- Enter the percentage of the stream area that is influenced by the
tree canopy. The canopy is measured using a spherical densiometer at the center of each
habitat unit (Appendix M).

32) Percent Broadleaf Trees Estimate the percent of the total canopy consisting of
broadleaf trees.

33) Percent Evergreen Trees Estimate the percent of the total canopy consisting of
evergreen trees.

34) Right Bank Composition - Observed at the bankfull discharge level. Enter the number
(1 through 4) for the right bank composition type corresponding to the list located on the
lower left hand side of the form. Enter one number only. The right bank is the right side
of the stream when facing downstream.
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35)

36)

37)

38)

39)

40)

Right Bank Dominant Vegetation- Enter the number (5 through 9) for the right bank
dominant vegetation type, from bankfull to 20 feet upslope, corresponding to the list
located on the lower left hand side of the form. Enter one number only.

Percent Right Bank Vegetated Estimate the total percentage of the right bank covered
with vegetation from bankfull discharge level to 20 feet upslope.

Left Bank Composition - Observed at the bankfull discharge level. Enter the number (1
through 4) for the left bank composition type corresponding to the list located on the
lower left hand side of the form. Enter one number only. The left bank is the left side of
the stream when facing downstream.

Left Bank Dominant Vegetation - Enter the number (5 through 9) for the left bank
dominant composition type, from bankfull to 20 feet upslope, corresponding to the list
located on the lower left hand side of the form. Enter one number only.

Percent Left Bank Vegetated- Estimate the total percentage of the left bank covered
with vegetation from bankfull discharge level to 20 feet upslope.

Comments- Add comments which are important to that habitat unit such as: 1) the
location of tributaries and the water temperature within that tributary, bridges, culverts or
diversions; 2) the presence of landslides or barriers; or 3) a change in channel type, etc.
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Date /1 Stream Name

Form# __ of

T R S

Surveyors

Lat.

Lon.

Quad.

Time Water Temp

kkkkkkkkkkkkhkkkkkkkkkkkk

Air Temp

Channel Type Reach #
Page Length Total Length

Flow

Habitat Unit Number

Habitat Unit Type

Side Channel Type

Mean Length

Mean Width

Mean Depth

Maximum Depth

Depth Pool Tail Crest

Pool Tail Embeddedness

Pool Tail Substrate

SHELTER RATING

Shelter Value

%Unit Covered

% undercut bank

% swd (d<12")

% lwd (d>12")

% root mass

% terr. vegetation

% agua. vegetation

% bubble curtain

% boulders (d>10")

% bedrock ledges

SUBSTRATE COMPOSITION

Select the two

most dominan

t compositions

A) Silt/Clay

B) Sand (<0.08")

C) Gravel (0.08-2.5")

D) Sm. Cobble (2.5-5")

E) Lg. Cobble (5-10")

F) Boulder (>10")

G) Bedrock

% Exposed Substrate

PERCENT TOTAL CANOPY

% Broadleaf Trees

% Coniferous Trees

BANK COMPOSITION & VEGETATION  (

See bank and

vegetation composition types below

Rt. Bank Composition

Rt. Bank Dominant Veg.

% Rt. Bank Vegetated

Lt. Bank Composition

Lt. Bank Dominant Veg

% Lt. Bank Vegetated

*kkkkkkk

BANK COMPOSITION TYPE

1) Bedrock

2) Boulder

3) Cobble/Gravel

4) Silt/Clay/Sand
VEGETATION TYPES
5) Grass

6) Brush

7 Deciduous Trees
8) Coniferous Trees

No Vegetation

*

COMMEN T8+ #xkkxkkxkkkkks
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LARGE WOODY DEBRIS (LWD)
STREAM AND RIPARIAN INVENTORY

Background

The importance of large woody debris (LWD) in the development of a stream's
morphology and biological productivity has been well documented over the last twenty years. It
strongly influences stream habitat characteristics and biotic composition. Bilby (1984) and
Rainville et al. £985) found that in nearly 80 percent of the pools surveyed in small streams,

LWD was the structural agent forming the pool or associated with the pool. The influence that
LWD has on the diversity of juvenile salmonid populations, with particular emphasis on the
impact of timber harvest activities on that diversity, has been documented by Reeves et al.
(1993). Fish populations are benefitted by both the cover and habitat diversity created by LWD
and by the substrate environment for benthic invertebrates that serve as food (Sedell et al. 1984,
Sedell et al. 1988, and Bisson et al. 1987).

Relatively large pieces of woody debris in streams influence the physical form of the
channel, movement of sediment, retention of gravel, and composition of the biological
community (Bilby and Ward, 1989). The relationship between size of individual LWD and its
effects on channel morphology are influenced by a number of variables such as stream-flow
energy, sinuosity, bank composition, and channel width. Bilby and Ward (1989) and Likens and
Bilby (1982) describe LWD and its relationship to pool formation, gravel retention, channel
orientation, and channel width. Once LWD enters the stream, their orientation and spacing may
be more significant than their volume in influencing channel morphology and aquatic habitats
(Platts et al. 1987).

LWD in this methodology is defined as a piece of wood having a minimum diameter of
twelve inches and a minimum length of six feet. Root wads must meet the minimum diameter
criteria at the base of the trunk but need not be at least six feet long. Four diameter ranges and
two length ranges were selected to categorize LWD sizes in this inventory method:

Diameter Category Length Category

1. 1 -2 feet 1. 6 to 20 feet
2. 2 - 3 feet 2. over 20 feet
3. 3 - 4 feet

4, > 4 feet

Each size category is further divided into four type categories according to condition or status of
the LWD as follows:
1. Dead and down (D/D)

2. Dead and standing (D/S)
3. Perched (on the bank and soon to be in the stream channel area)
4 Live:

a. coniferous; b. deciduous

The range of coverage of this LWD inventory includes two distinct zones: 1) the
"instream zone,” defined as the stream channel within bankfull discharge demarcations; and 2)
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the "recruitment zone,” defined as that area beyond the instream zone encompassing the
floodplain and an additional 50-foot wide strip measured uphill, along the slope from the outer
edge of the floodplain. The recruitment zone, as defined for this LWD survey, represents about
70 percent of the LWD recruitment potential to the stream (McDade, et al., 1990; and Forest
Ecosystem Management, 1993).

According to McDade et al. (1990), more than 70 percent of woody debris originates
within 20 meters of the channel. He looked at the LWD recruitability of riparian vegetation as a
function of distance from the stream. His study revealed that over 83 percent of the deciduous
LWD and 53 percent of coniferous LWD originates within 10 meters of the stream channel. All
hardwood LWD was delivered from within 25 meters, and only 13 percent of the conifers had a
source distance greater than 25 meters. Also of interest, there was no significant difference
(P>0.05) between source distance on steep and gentle side slopes, nor between source distance
and stream order.

Andrus et al. (1993) studied recruitment rates based on modeling results of different
riparian protection zones and stream sizes over time periods of up to 200 years to simulate long-
term recruitment potential for LWD. There was a significantly greater percentage of pieces that
should move toward the stream on steep slopes than on gentle slopes. For this reason we defined
a "perched" condition category to describe pieces positionedrfonrient” delivery to the
stream via near-stream landslides and stream bank failures common to the North Coast of
California and generally along unstable or active stream channels.

LWD INVENTORY METHODOLOGY

The inventory includes equipment preparation, stream selection, access permission,
stream channel typing, surveyor training, and the actual survey inventory.

Equipment list:

Clinometer

7.5-minute USGS quadrangles of the stream
Hip chain and refills

Diameter tape, 50 feet

LWD Inventory Forms and Stream Channel Type Work Sheets (Part III)
Waders or hip boots

Clipboard

Optional:

° 100-foot optical distance finder

o Tree fork

o Timber Cruising FieldbookDilworth, 1981)

Stream selection

This methodology is best suited to first through third-order streams. If streams selected
for LWD inventory have been previously stream channel typed, determine the limits and lengths
of individual stream channel-type reaches to define LWD inventory reaches.
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Training

Persons conducting the inventory must be familiar with stream channel typing methods,
proper use of equipment listed above and recording forms presented below. Training in the field
should include the following inventory procedure and daily sight calibration by each surveyor of
LWD and live tree diameters and lengths.

At the beginning of each day, prior to categorizing and recording LWD, field personnel
should select several pieces of LWD for sight calibration. Diameter ranges should be estimated
and then verified by measuring with a diameter tape. Also, calibrate sight estimates of 6, 20, and
50 feet with length measurement verifications. Standing tree diameter is determined at breast
height (54") above the ground measured from the upslope side of the tree. Diameter of downed
logs is the largest diameter anywhere along the log.

Inventory Procedure

In general, the inventory is conducted by two people while walking in the stream channel,
proceeding upstream. The LWD Inventory Form is designed so the stream bank entry columns
must be oriented to the corresponding stream bank while facing upstream. Right and left banks
are defined by convention as one looks downstream. When facing upstream the "right bank" is
on the individual's left. One surveyor observes LWD, estimates sizes, and talles LWD on one
bank and LWD within the stream channel, while the other observer tallies the opposite bank.
The second person can also estimate instream LWD if surveyor comparison is desired.

Recommended LWD inventory protocol requires that the stream first be stratified into
reaches by stream channel types using Rosgen's methodologyljP&tream channel types
may be determined from previous survey data, or surveyed prior to the LWD inventory. Be sure
to attach copies of stream channel typing work sheets to the corresponding LWD Inventory
Forms. Stream channel classification measurements within an area that is typical of the stream
channel type must be determined. Avoid channel typing measurements near mouths of streams,
within stream channel type transition areas, and near artificial or unusual features (e.g., bridges,
slides, revetments).

Stream channel typing is important to determine start and stop distances of each stream
channel type reach in order to calculate total length of each inventory reach. Begin numbering
reaches with "1" as the reach nearest the stream mouth. As different stream channel types are
encountered, number corresponding inventory reaches consecutively as the inventory proceeds
upstream.

To begin the inventory, consider the stream segmented into 200-foot sections. Number
the first six sections consecutively beginning with No. 1 as the downstream most 200-foot
section. Next, toss a die to randomly select one of the first six 200-foot segments as Sample
Area 1. This segment will become the first LWD inventory sample section in the stream. One
LWD Inventory Form is required for each 200-foot sample section. After conducting the survey
in this initial sample segment, proceed upstream 800 feet from the upper end of Sample Area 1
and inventory the next 200 feet as Sample Area 2. Sample Area 3 begins 800 feet upstream from
the upper end of Sample Area 2, and so on. Stated another way, with the stream segmented into
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200-foot sections, this procedure involves using a random start within the first six sections and

then systematically sampling every fifth 200-foot section. Continue the LWD inventory in this
manner until the stream channel type changes. Be certain to note on the LWD Inventory Forms
the distance measurements of where channel types change and a new inventory reach begins.
When a new reach begins, the pattern of sampling every fifth 200-feet section can proceed
uninterrupted (i.e., it is not necessary to repeat the random start procedure at each stream channel
type change).

Beginning at the downstream end of the first 200-foot section, Sample Area 1, observe
and tally, in the appropriate boxes on the LWD Inventory Form, all LWD pieces or live trees

within the sample area with diameterd foot and lengths 6 feet, and root wads with a trunk
diameter> 1 foot.

During the survey in each 200-foot sample area, each of the surveljguenmdically,
ask the other to measure the diameter and length of the last estimated tree or LWD, and to
measure the 50 foot estimated bank distance, and 6 and 20 foot tree length distances for accuracy
and calibration purposes. Results of each measured estirhéie necorded on the calibration
form. This ongoing calibration effort serves to keep the surveyors' estimates more accurate, and
also provides the basis for analyzing the data for standard error.

To eliminate the problem of an insufficient number of samples that would represent LWD
conditions in short streams or reaches, it is recommended that stream reaches less than 1,000 feet
in length be surveyed throughout their entire length.

Downed large wood which is out of sight on terrace benches, usually has little chance of
entering the stream. Therefore, if a piece of LWD cannot be observed from within the stream by
a surveyor, it is not tallied. Also, well-rooted tree stumps located back on high bae$esre
not tallied lecause they have little or no potential for recruitment to the stream.

Root wads are differentiated from stumps in not being secure in the ground. Stumps are
fully rooted in the ground and are at distances far enough from the stream that there is little or no
potential of them being uprooted and entering the instream zone. Root wads have a high
potential for reaching the stream channel. Root wads classified as dead/down are anchored in the
ground by less than 25 percent of their root system, or are already "loose" and free to be moved,
or are already in the channel. Root wads classified as dead/standing are anchored in the ground
by at least 25 percent of their root system and have a good likelihood of being moved from the
recruitment zone (bank) to the stream channel, or may already be in the stream channel. Root
wads classified as "perched" are on the bank, and their movement into the stream channel is
imminent. There is no classification for "live" root wads. If a root wad is sprouting, it is
classified as a live tree and categorized based on diameter of the sprouting stem.
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LWD INVENTORY FORM KEY
1) Stream- Stream name.

2) Sample__of - Indicate Sample No. of total 200-foot sample sections surveyed for each
reach. Each sampled section is numbered consecutively proceeding upstream.

3) Reach No.- Number reaches consecutively beginning from the stream mouth. The reach
number changes when the stream channel type changes (i.e., each reach is a distinct
stream channel type).

4) Date - Date of survey (mm/ddlyy).

5) Drainage - River system.

6) USGS Quad(s)y Name(s) of 7.5-minute USGS topographic quadrangles.

7) Reference Point- Stream mouth or fixed landmark (bridge, tributary).

8) Feet from Ref. Pt.- Start: Distance from landmark at survey start.
Stop: Distance from landmark at survey end.

9) Total Reach- Total length in feet of inventoried reach, includes sampled and unsampled
sections. Each reach is a distinct channel type.

10) Latitude - Latitude of stream confluence point.

11) Longitude - Longitude of stream confluence point.

12) T__R__S - Township, range, and section of stream confluence.

13) Surveyors- Names of individuals conducting the inventory.

14) Channel Characteristics- Attach completed Stream Channel Type Work Sheet.

15) Discharge Q- Discharge in cfs at time of survey.

16) Gradient - Water surface slope in percent.

17) Stream Channel Type- From Stream Channel Type Work Sheet.

18) Percent Substrate in Boulders Percent of the substrate in boulders in two size classes
(does not = 100%). Size classes are 1-3 feet diameter, and greater than 3 feet diameter,

measured at smallest diameter.

19) Air Temp - Air temperature in degrees Fahrenheit.
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20) Water Temp - Water temperature in degrees Fahrenheit.

21) Right Bank - The stream's right bank, facing downstream, measured from bankfull
discharge demarcation [bankfull width (W )] to a point 50 feet upslope from the edge of
the floodplain.

22) Stream- The channel area within bankfull width (W ).

23) Left Bank - The stream's left bank, facing downstream, measured from bankfull
discharge (), ) demarcation to a point 50 feet upslope from the edge of the floodplain.

24) Slope- Average percent slope of the right and/or left bank within the surveyed reach.

25) Dom. Veg.- The dominant live vegetation lefgn 1 foot in diameter within the entire
survey reach is recorded by type and percentage: Code: 1 = Deciduous; 2 = Coniferous.
The percent of the dominant type is noted as a decimal %. For example, an observation
of deciduous vegetation estimated to compose 70% of the small (<1' diameter) vegetation
should be recorded as: 1.70.

26) DI/D - Number of dead and down pieces.

27) DIS - Number of dead and standing stems.

28) Per- Number of perched pieces for imminent delivery to stream.

29) Live - Number of live trees in two classes, coniferous and deciduous.

30) Size Classes Range in upper part of box = diameter.

Range in lower part of box = length.
Example: the first row is: 1 - 2d x 6 - 20, which indicates the diameter category of 1 -
2 feet and a length of 6 - 20 feet.

31) Root- Root wads are a separate size class. They must meet the minimum diameter at the
base of the trunk but are not required to meet the minimum 6 feet length criteria.

32) Comments- Note indicators of old forest systems (i.e., large stumps). Note presence of
fish restoration structures, and if they were tallied. Note suppressed trees if present.
Include fish and wildlife observations. Use back side of form if needed.
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Stream:

Date [ Drainage:

Reference Point:

Sample

Reach Location (Feet From Ref.Pt)

Lat _ N Long__

Surveyors:

Start

W (Reach start or Ref.Pt.)

INVENTORY FORM

_of

USGS Quad:
Sample Length (Ft)

Reach No.

Total

CHANNEL CHARACTERISTICS(Attach Channel Typing Form)

Discharge Q

Percent Substrate in Boulders: (1'- 3")

Air Temp Water Temp

Right Bank
% Slope
Dom. Veg.

cfs Gradient

% Channel Type:
% (>3)

%

om. Veg.

Stream

o Slope
Dgm. Veg.

Left Bank

DD | DIS |P

)

1-2d
6-20

Root
1-2d

>20'
||

2-3d
6-20
Root
2-3d

>20'
||

3-4d
6-20
Root
3-4d

>20'
||

>4d
6-20
Root

>4d
>20'

Live

C D

bead/
Down

ve

D/Of D/S

P Live

I—
Note any LDAs (log jams), estimate size LxWxH and no. pieces. Note if gravel is retained
upstream. Tally live conifer "C" and deciduous "D" trees separately. Tally root wads

by diameter of "trunk". Include root wads <6' total length.

Comments:




ESTIMATE CALIBRATION FORM

Stream Name Date
Surveyors
Reach No.

Right Bank Stream Left Bank

Sam EST TRUE EST TRUE EST TRUE EST RUE
le DIA. IA. DIA. DIA LENG. LENG DIA. DIA.

%
Dis

Reach No.
Right Bank Stream Left Bank

Sam EST TRUE EST TRUE EST TRUE EST RUE
le DIA. IA. DIA. DIA LENG. LENG DIA. DIA.

%
Dis

Calibration Form Key

Stream Name: Enter name of stream

Date: Enter date of survey (mm/dd/yy)

Surveyors: Enter name of persons conducting the survey

Reach No.: The number that corresponds with the Reach No. on the LWD Survey Form.
Sample: The number corresponding with the Sample No. on the LWD Survey Form.
EST DIA.: Enter the estimated diameter.

TRUE DIA.: Enter the measured diameter.

EST LENG.: Enter the estimated length.

TRUE LENG.: Enter the measured length.

% Enter the average percent difference between estimate and true.
Dist.: Enter the 50-foot distance estimate and measurement.
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PART IV. FISH SAMPLING METHODS

Assessment surveys of watershed and stream habitat must include descriptions of fish
resources within the stream. The purpose of this section is to outline simple fish sampling
techniques that will help to identify fish resources within a stream or watershed. Much of the
necessary information may be available from DFG files or the district fishery biologist. In order to
describe the fishery, the following data should be gathered:

o Species composition

o Juvenile rearing areas or general distribution
° Spawning areas or general distribution

° Sizes (lengths) of adults and juvenile

° Age classes of juveniles (based on lengths)
° Relative abundance in selected areas

o Biomass (weight per unit volume)

o Habitat utilization

o Timing of spawning activity

° Timing of juvenile emigration

This is considered "baseline" information that provides a general assessment of fish
presence, distribution and habitat utilization within a stream. It is essential to know what fish
species exist within a stream and particularly the status of "target" species. The upstream range of
adult spawners and juveniles is important information for planning habitat enhancement work
within a stream. Relative abundance of a species may suggest trends in past or future population
numbers. Age classes of juveniles may indicate the quality of summer and winter nursery areas.
The amount of habitat being utilized or not being utilized by adults and juveniles is useful
information for determining habitat problems and potential solutions. It should be emphasized that
absence of a species from a stream cannot conclusively be determined from any single sample of
that stream.

Most general fishery information required for the level of habitat assessment described in
this manual can be obtained using non-capture techniques. In some instances, specialized capture
techniques of trapping or electrofishing may be useful to obtain length, weight, and positive species

FISH SAMPLING FEBRUARY, 1998
METHODS V-1



CALIFORNIA SALMONID STREAM
HABITAT RESTORATION MANUAL

identification data. However, most fish capture methods, including trapping and electrofishing,
have a high potential for causing fish mortality if used improperly. It is highly recommended that
fish capture be avoided whenever possible, and that observation techniques be employed to collect
the general fishery information required for the level of habitat assessment described in this

manual.

Non-capture methods involve:
[ ] Stream bank or above water observation
° Direct or underwater observation

Any fish sampling or fish data collection must be approved and coordinated with DFG
biologists and with the knowledge of the local Fish and Game Warden. State and Federal
collector's permits are necessary for any technique involving capture, handling, tagging, or removal
of fish from a stream or lake.

The data collected by these methods are intended for useful descriptions of fish presence,
relative abundance and habitat utilization in the context of planning restoration or enhancement
projects. They are not intended to produce statistically based population estimates of adult
spawners, juveniles, or smolt productivity. It is beyond the scope of this manual to discuss in detall
all the uses of these techniques.

STREAM BANK OBSERVATION

Observation of fish from the stream bank or other vantage point is a commonly used
technique to determine presence or absence of fish. It also provides "gross" estimates of fish
numbers in sampled habitats (e.g., 10-20 young-of-year steelhead). This method can be
accomplished quickly and the only equipment required are polarized glasses and record forms or
notebook.

The primary drawback to bank observation is difficulty with species identification.
Observation experience associated with species confirmation techniques (electrofishing or
trapping) can improve species identification skills. Numbers of fish observed are very rough
estimates of relative abundance in selected habitats or stream reaches and should be used with
caution. However, this type of information has many uses in describing existing conditions and
comparing observations over several years. Useful data stems from observer consistency and
careful attention to accuracy.

Opportunities for observation are usually best in pools and runs where visibility is better
than in riffles. Habitats to be observed should be approached slowly and quietly from downstream;
most fish orient themselves heading upstream when feeding. Patience is required to adjust the
observer's eyes to the light conditions and to allow the fish to recover from any fright response
caused by the observer's approach.
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Juvenile salmonids should be placed in general age categories according to length:

° 0+ young-of-year (YOY), 3inches or less
° 1+ 3to 6inches
° 2+ 6 inches or greater

These lengths are approximate and depend on stream systems and time of year. Generally, these
Size categories are obvious when groups are observed together. In most cases, the smaller size
group will be more numerous.

UNDERWATER OBSERVATION

This is a cost-effective method to determine fish distribution and species composition.
Underwater observation can be economically applied on a larger scale than electrofishing. Use of
this method permits close observation of fish behavior and habitat utilization. Experienced divers
can learn to identify, count, and record fish in a relatively short time. The effectiveness of this
method can be improved when combined with electrofishing to calibrate the diver's observations.

One or more divers, equipped with a mask, snorkel, and wet or dry suit, enter a habitat unit
at the downstream end and swim or crawl to the upstream end, counting, identifying, and recording
all the fish they see. In small streams or habitat units, a single, experienced diver can effectively
count and identify all fish in a single pass. In larger streams or complex habitat units, a
combination of divers working together systematically may be necessary to determine fish
numbers. Since it is difficult to dive and count fish in riffles, underwater observation is usually
only conducted on sample pool and run units.

Tools and Supplies Needed

Wet or dry suit

Fins or wading boots
Snorkel

Plastic slate board
Mask

Waterproof felt pen
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Instructions for Completing the Stream Bank or Underwater Observation Field Form

1) Form No. - Enter in the form number. Number the forms sequentially beginning with "01"
on the first page and "02" on the second page and so on.

2) Date - Enter the day's date: mm/dd/yy.

3) Stream Name- Enter the name of the stream.

4) T-R-S - Enter the township, range, and section at the mouth of the stream.
5) Drainage - Enter the name of the drainage.

6) Lat - Record the latitude of the stream at the confluence taken from the 7.5-minute USGS
guadrangle.

7) Long - Record the longitude of the stream at the confluence determined from the 7.5-
minute USGS quadrangle.

8) Quad - Record the name of the 7.5-minute USGS quadrangle on which the confluence of
the stream is located.

9) Observer(s)- Enter the names of the observers.

10) Time - Enter the time the survey began in military time (24-hour clock).

11) Air Temperature - Enter the air temperature to the nearest degree Fahrenheit.

12) Water Temperature - Enter the water temperature to the nearest degree Fahrenheit.

13) Reach No.- Record the sequential number of the stream reach being sampled. This reach
number should be the same as the reach number on the Habitat Inventory Data Form (Part
[1l- Habitat Inventory Data Form), which is based on sequential changes in channel type.

14)  Habitat Unit No. - Record the habitat unit number from the Habitat Inventory Data Form.

15) Habitat Type - Enter the number or abbreviation for the individual habitat type being
sampled. The number/abbreviation should correspond to the Habitat Unit Type on the

Habitat Inventory Data Form.

16) Reference Point- Stream confluence, a tributary, a road crossing, or any other permanent
feature identified on the 7.5-minute USGS quadrangle.
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17) Distance from the Confluence or other Known Location Enter the distance in feet from
the reference point.

18) Length of Stream Sampled in Feet Enter the length of stream sampled in feet.
19) Observation Method - Put a check by the sampling method used in the survey.

20)  Species/Size Class/NumbersEnter the species, size class, and numbers sampled or
observed.

21) Comments- Enter any comments regarding the above observations.
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Form No. of

Stream Name

Date

/ /

T R

Drainage

Lat: Long:

Quad:

Observer(s)

Time Air Temperature Water Temperature

Reach No. Habitat Unit No.

Reference Point

Habitat Type

Distance from the confluence or other reference point

Length of stream sampled in feet

Observation Method: Stream Bank

Underwater

Species Size Class Numberd Species

Size Class

Numbejis

Comments
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SALMON SPAWNER SURVEYS

Salmon spawner surveys (also called salmon carcass surveys) are stream bank or above-
water surveys. Surveyors usually walk along the stream bank and enter the number of spawned
salmon carcasses, redds, and live adults observed. This information is useful to:

o Determine if adults are returning to and spawning within a stream reach or basin
area;

° Determine which species or races atilzing the sample area,

° Determine relative abundance and distribution of carcasses, redds or live fish within

a sample area;
° Recover and enter marked fish for mark studies;
o Identify preferred spawning habitat area.

Stream flow conditions can alter the timing and distribution of spawning activity within a
single season and also from one year to the next. For annual comparison of data it is recommended
that weekly surveys be conducted throughout the entire potential time range of spawning activity.
Descriptions of spawning distribution within a basin should not rely on carcass counts conducted
only during the assumed week of peak spawning. Spawner distribution within a stream system
may be different for early versus late spawners.

The typical method for conducting spawner surveys is to walk along the stream bank or
wade in the stream counting and entering all carcasses, redds and live fish observed. Carcasses are
examined to determine species, sex, and/or missing fins. The fork lengths (FL) of fish are
measured from the tip of the snout to middle of the tail to the nearest centimeter (cm). Counted
carcasses are either cut in half or marked with a hog ring to eliminate being counted in subsequent
surveys. With prior DFG approval, the heads of carcasses with missing adipose (Ad) fins will be
removed and retained for coded-wire-tag (CWT) extraction by DFG. All data is entered on the
Daily Salmon Spawning Stock Survey Field Form as indicated below.

Tools and Supplies Needed

Thermometer

Gaff hook, handle marked in centimeters
Waders with non-slip soles

Pencils

Waterproof field enter form

Waterproof ID tags for fish heads (Figure 1V-1)
Plastic "Ziploc" bags for fish heads

Machete and file or hog-ring pliers and hog rings
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Vest or day pack

Polarized glasses

Stream map to indicate location of spawning activity
Drinking water and food

Instructions for Completing the Daily Salmon Spawning Stock Survey Field Form
1) Stream- Enter the stream name.
2) T-R-S - Enter the township, range, and section from the USGS quadrangle.

3) Lat - Latitude of the confluence of the stream determined from a 7.5-minute USGS
guadrangle.

4) Long - Longitude of the confluence of the stream determined from a 7.5-minute USGS
guadrangle.

5) Quad - Name of the USGS 7.5-minute quadrangle containing the confluence of the stream.
6) Drainage - Enter the drainage name.
7) County - Enter the county in which the stream is located.

8)  Starting Location - Enter the starting point of the survey reach; for example, the
confluence with another stream, a highway mileage marker, a bridge, etc.

9) Latand Long of the Starting Location - Enter the latitude and longitude of the starting
point of the survey reach taken from a 7.5-minute USGS quadrangle.

10) Ending Location - Enter the ending point of the survey reach; for example, the confluence
with another stream, a highway mileage marker, a bridge, etc.

11) Latand Long of the Ending Location- Enter the latitude and longitude of the ending
point of the survey reach taken from the 7.5-minute USGS quadrangle.

12) Feet/Miles Surveyed- Determine the distance of the survey using a map measurement
device and a 7.5-minute USGS quadrangle. If the distance surveyed was measured using a
hip chain enter the distance in feet.

13) Date of Survey- Enter the day's date: mm/dd/yy.
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14)

15)

16)

17)

18)
19)

20)

21)

22)

23)

Weather - Make a check mark to indicate weather conditions: clear, overcast, rain. If
weather conditions change during the survey, note this in the remarks section at the end of
the page.

Water Clarity - Estimate water clarity (0-2 ft, 2-4 ft, or >4 ft) at the beginning of the
survey. If water clarity changes during the survey, note this in the remarks section at the
end of the page.

Water Temperature - Water temperature is to be taken in degrees Fahrenheit at the
beginning of the survey.

Air Temperature - Air temperature is to be taken in degrees Fahrenheit at the beginning of
the survey.

Time - Enter the time when temperatures were taken.
Crew - Enter the names of the persons doing the survey.

Number of Live Fish Observed- Enter the number of live chinook adults, chinook jacks
(<55 cm FL), coho, and steelhead observed. Identification of live fish can be very difficult.
If positive identification is not possible, enter the fish as an unknown.

Number of Carcasses Examined Identify all carcasses to species and sex. Measure fork
length in centimeters and enter on the form. Examine all carcasses for adipose fin clips or
any other fin clip. Mark all the carcasses using hog rings or cut carcasses in half after
examination.

Tag Number of Adipose-Clipped Fish and Snout RecoveriesAll carcasses must be
examined for adipose fin clips. If the adipose fin is missing, the carcass may contain a

CWT and the snout must be cut off and retained. Remove the snout by cutting across the
head in the vicinity of the eyes; cut straight down from the eyes through the upper jaw and
into the mouth cavity. Remove the snout in one piece. If unsure of the removal procedure,
take the entire head. It is important not to lose the tag due to an improper cut. The project
name, the recovery location, the species, length and sex of the fish, date and other relevant
information must be entered on a tag and wired to the snout. The project name will be
entered on the tag for later reference (Figure 1V-1). The snout or head must be frozen in a
zip-lock bag and taken to DFG where the coded-wire tags will be excised and decoded.
Snouts must be individually bagged.

Other Fin Clips Observed- Enter any fin clips observed other than adipose fins.
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24)  Number of Skeletons Observed Any fish that cannot be measured, or any identifiable
parts of fish found are considered skeletons. If it is possible to identify the species, enter it
appropriately; if not, enter it as unknown.

25)  Number of Redds Observed Enter the number and location of observed redds. This can
be difficult in areas of heavy spawning due to multiple redds and super-imposition of redds.

26) Remarks - Add any information discovered during the survey such as barriers, landslides,
etc. Include any information necessary to clarify other entries on the field form.

PENCIL ONLY
No. N2 105614

Project
locacion
species K S SH

race fall spr

f_l_cm

sex M F

recovery hat trp

method crl car nrr
mm dd Yy

date

binary
code

Figure 1V-1. Coded-wire-tag recovery form.
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DAILY SALMON SPAWNING STOCK SURVEY FIELD FORM

Stream: T R S

Lat: Long: Quad:

Drainage: County:

Starting location: Lat: Long:

Ending location: Lat: Long:

Feet/miles surveyed:

Date of survey: / / Weather:clear overcast rain

Water clarity: 0-2 ft. 2-4 ft. >4 ft.

Water temp: Air temp: Time:

Crew:

Number of live fish observed: Chinook adults Chinook grilse Coho
Steelhead Unknown

Number carcasses examined:

Chinook Coho
Male (FL) Female (FL) Male (FL) Female (FL)
Tag number of adipose clipped fish and snout recoveries:
Other fin clips observed:
Number of skeletons observed:
Chinook Coho Steelhead Unknown

Number of redds observed:

Comments:
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ELECTROFISHING

Electrofishing is a fish capture technique that involves momentarily stunning fish with an
electric current and quickly netting them before they recover. It is a useful capture technique when
fish must be closely examined in hand. However, electrofishing can quickly kil fish if water
temperatures are too high, if fish remain in the electric field too long, or if the electric charge is too
powerful.

Electrofishing can cause personal injury. Electrofisher operators and crews must be trained
in safety procedures and be knowledgeable about stream conditions, electrical theory, and fish
physiology to prevent injury to themselves and to fish. References regarding electrofishing
equipment, procedures, safety, and sampling methods are presented at the end of this section. All
fish capture techniques and sampling methods must be approved and coordinated by California
Department of Fish and Game personnel.

Electrofishing used during habitat inventory methods outlined in this manual is generally
used to describe species composition and distribution within a stream. The single-pass method is
most commonly used for these data. All fish captured are identified to species and then counted
and returned to the stream. Amphibians and reptiles captured are identified and entered. The
Electrofishing Field Form is used to enter this information.

In some cases, estimates of the relative abundance fish populations within a sample site
may be necessary for baseline data, project evaluation, or long-term monitoring purposes.
Population estimates can be determined with a standard multi-pass depletion method. For multi-
pass sampling use the Electrofishing Field Form and the Electrofishing Field Form Supplemental
Page for data recording.

Instructions for Completing the Electrofishing Field Form

1) Form No. - Enter the form number. Number the forms sequentially beginning with "01" on
the first page, "02" on the second page, and so on.

2) Date- Enter the day's date: mm/dd/yy.
3) Stream Name- Enter the stream name.

4)  Site Number- Enter the sample site number. Number the sample sites sequentially
beginning at the most downstream location.

5) Drainage - Enter the drainage name.

6) T-R-S - Enter the township, range, and section at the mouth of the stream.
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7) PNMCD - Enter the official numeric code for the stream name according to the reach file
list.

8) Latand Long - Latitude and longitude of the confluence of the stream determined from a
7.5-minute USGS quadrangle.

9) Quad - Enter the name of the USGS 7.5-minute quadrangle on which the confluence of the
stream appears.

10) Distance from Confluence- Enter the distance from the confluence to the downstream end
of the sample site.

11) Reach Number- Enter the sequential number of the stream reach being sampled. This
reach number should be the same as the reach number on the Habitat Inventory Data Form.

12) Channel Type- Enter the channel type of the stream reach being sampled. This
designation should be available on the Habitat Inventory Data Form.

13) Reference Point- Stream confluence, a tributary, a road crossing, or any other permanent
feature identified on the 7.5-minute USGS quadrangle.

14) Distance from RP- Enter the distance in feet from the reference point to the downstream
end of the sample site. Indicate upstream or downstream from the RP.

15) Personnel- Enter the name of the person(s) preforming the following sampling functions:
E-Fish - operating the electrofisher
Netting - netting stunned fish and transferring to holding buckets
Measurements - handling fish for identification, length, and weight
Recorded - writing the information on the field form

16) Habitat Unit Numbers - When applicable, enter each habitat unit number from the Habitat
Inventory Data Form which lies within the sample site being electrofished. If a Habitat
Inventory Data Form does not exit for the same season, leave blank.

17) Habitat Unit Types - Enter the number or abbreviation for each individual habitat type
being electrofished within the sample site. When available, the number/abbreviation
should correspond to the habitat unit type on the Habitat Inventory Data Form.

18) Mean Length - Enter the mean length of each habitat type within the site sampled. This
information may be available from the Habitat Inventory Data Form.
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19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

Mean Width - Enter the mean width of each habitat type within the site sampled. This
information may be available from the Habitat Inventory Data Form.

Mean Depth - Enter the mean depth of each habitat type within the site sampled. This
information may be available from the Habitat Inventory Data Form.

Time - Enter the start and stop time, in military time (24-hour clock), of the electrofishing
pass through the sample site.

H,O° - Enter the water temperature, to the nearest degree Fahrenheit, at the beginning and
end of the electrofishing pass through the sample site.

Air ° - Enter the air temperature, to the nearest degree Fahrenheit, at the beginning and end
of the electrofishing pass through the sample site.

Conductivity - Enter the ambient conductivity (i.e., conductivity at existing water
temperature) in microSiemens/cm (uS/cm), measured at the same time and location as the
start water temperature for Pass #1.

Some meters measure ambient conductivity; check owners manual or call manufacturer.
Most meters measure specific conductivity (i.e., conductivity adjusted to a reference

temperature, usually 2&; refer to owners manual). Specific conductivity can be
converted to ambient conductivity by the following formula:

Oa =0s/[1.057]

where:0a and Ta = ambient conductivity and temperatti€ (
Os and Ts = specific conductivity and temperatife)

Flow - Enter the flow as measured using a flow meter.

Pass # Enter the pass number. More than one pass is usually necessary only when
electrofishing in developing a population estimate.

Effort - Enter the effort from the time counter, in seconds, on the electrofisher for each
pass (P). If more than one electrofisher is used, sum their individual efforts and enter the
Total Effort for the pass (E).

Freq. - Enter the frequency (Hz) setting selected on the electrofisher for each pass.
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20)

30)

31)

Output Voltage - Enter the output voltage (volts) setting selected on the electrofisher for
each pass.
Species Enter the species of fish sampled. Start a new line for each new species.

Fork Length - Enter the length of each fishnmllimeters from the tip of the snout to fork
of the tail.

Summary Data:

32)
33)
34)

35)

31)

Species Enter the species of fish sampled. Start a new line for each new species.
Catch - Enter the total number of fish captures for each species sampled.
Weight - Enter the total weight in grams of each species. Weight data is optional.

Mortalities - Enter the number of dead fish of each species resulting from the shocking and
handling operations for each pass.

Comments- Enter any comments.

Note: If electrofishing for a population estimate, enter information for each subsequent
pass on the Electrofishing Field Form Supplemental Page.

The following formula (also provided in the Comment sections on the Electrofishing Field
Form Supplemental Page) can be used to calculate the depletion percentage from the
previous pass. This information can be helpful in a field protocol determining if a
subsequent pass is required:

(1-[(N,;, *E)/(N *E, )])*100 = Pass Depletion
where: N and E = number of fish of a given species captured and total number of seconds

shocked on the previous pass, and N and E = number of fish of a given species
captured and total number of seconds shocked on the current pass.
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ELECTROFISHING FIELD FORM Form # of
Date / / Stream Name Site# ___ Drainage T R S _
PNMCD Lat Long Quad Distance from Confluence
Reach # Channel Type Reference Point Distance from RP UpDown__
Personne] E-Fish Netting Measurements Recorder
Habitat Unit #.......... Stardtop Conductivity (uS/cm)
Habitat Unit Type..... Time
Mean Length............. , HO° Flow (cfs)
Mean Width.............. Air°
Mean Depth..............
Pass# Effort(s) + Tetal Effort(E ) (seconds) Freq. (Hz) Output Voltage
Species Fork Length (mm)
Summary:  Species Catch Wt. Mortalities ;  Species Catch Wi. Mortalities
Species Catch Wt. Mortalities ;  Species Catch Wt. Mortalities

Comments:




ELECTROFISHING FIELD FORM Form# ___ of
SUPPLEMENTAL PAGE

Date / / Stream Name geDraina Site # Pass #
Start Time End Time Start Water Terp End Water Terp Start Air Temp End Air Temp
Effort(s) + Fotal Effort (E ) (seconds) ¢rre (Hz) Quit Voltage
Species Fork Length (mm)
Summary: Species Catch Wt. Mortalities ;. Species Catch Wt. Mortalities
Species _ Catch Wi. Mortalites ; Species___ Catch Wit. Mortalities_
Comments: (1-L(N % E )[(N ¥ E )])*1eBsPepletion
(1-[¢( * )/ ( 1) *100 = Pass #2 Depletion
Site # Pass #
Start Time End Time Start Water Temp End Water Temp Start Air Temp End Air Temp
Effort(s) + Fotal Effort (E ) (sends) Freq. (Hz) Output Voltage
Species Fork Length (mm)
Summary: Species Catch Wi. Mortalities ;  Species Catch Wi. Mortalities
Species _ Catch Wi. Mortalites ; Species___ Catch Wit. Mortalities_
Comments: (1-L(N % E )I(N ¥ E )I])*108sBepletion

(1-[( * )/ ( %1) *100 = Pass #3 Depletion
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PART V. WORKING WITH THE DATA

A stream habitat inventory using the methodology presented in Paill jenerate a
formidable stack of data forms. The task of reducing this stack of paper to a manageable series of
summaries can be facilitated with the help of a computer. Development of fish habitat improvement
recommendations from this information requires the expertise of a qualified fishery specialist with
appropriate field experience. To facilitate management of all this material, the Department of Fish
and Game Inland Fisheries Division has developed two digital tools. The first is a DOS based
program for entering, summarizing and analyzing data known as “HABITAT”; the second tool is a
Geographic Information System (GIS) for viewing and mapping the habitat data. DFG also has
standardized stream report formats for presenting the findings and results of the surveys. The
HABITAT program, GIS format, and stream report format are discussed in this section. More detailed
information on these programs and their operations can be found in Appendix I.

DATA ENTRY

Computer data entry from field forms can be a tedious, time consuming process that is fraught
with chances for introducing errors. Adoption of a system for maintaining integrity of data during
entry operations is imperative for production of high quality reports and recommendations.

For collection of field data, DFG recommends the data forms presented in Part Il of this
manual, which have been extensively field tested, be reproduced on waterproof paper. The resulting
forms will be very durable and can be used under field conditions with a minimum of special training.
The data on the forms can be efficiently entered into database files in the office using the HABITAT
program. The forms should be archived and will serve as a valuable, permakapttbazomputer
files and provide vital quality control as needed.

DFG has adopted the dBASE database system. Data entry in dBASE (.dbf) files can be
accomplished using commercially available dBASE, version IV or newer, programs, or using various
other programs that can convert the data into dBASE files, or using the HABITAT program.

The computerized data should be quality checked after being entered. Several quality
control/quality assurance methods can be used. A complete entry-by-entry visual check of the
database file against the original forms is time consuming, but effective. A partial check of randomly
selected entries does not correct all errors but does provide a measure of data quality control accuracy.
A commercial data entry service that uses a double-entry data keying program is another effective
method of reducing error. The HABITAT program contains a File Check program to detect several
common errors.

Another way of reducing entry errors is by having the field personnel enter the data, as they
collect it, directly into a special waterproof field computer. This procedure eliminates the need for
paper forms and later data entry, which can save time and reduce the chance for transcription
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errors. However, there are several possible problems. A large investment is required in equipment,
computer program development and personnel training. In addition, there are increased possibilities
for data loss through mechanical and electrical equipment failure. Further, if a data entry error occurs
in the field during electronic data entry, there is no way to detect that an error has occurred, which
could affect the balance of the survey as well as the particular erroneous sample.

DATA SUMMARY AND ANALYSIS

Once the data has been entered and checked for errors, the process of summarizing is routine
using the HABITAT program. Analysis of data summaries, however, is a job for experienced fish
habitat specialists.

Data Summary

The HABITAT program provides a fully automated fish habitat inventory data summary.
Examples of summarized data are presented below in Tables 1 through 10. A wide variety of
computer programs and manual methods can be used for creating custom data summaries, tables and
graphs. Data presentation in graphical form as illustrated below in Graphs 1 through 4 may be useful
in illustrating specific points. Graphics can be easily created using computer graphics programs and
the spreadsheet files the HABITAT program produces.
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Table V-1. Summary of riffle, flatwater, and pool habitat types. Summarizes Level II riffle, flatwater
and pool habitat types.

JUGHANDLE CREEK

Table 1 - SUMMARY OF RIFFLE, FLATWATER, AND POOL HABITAT TYPES

Confluence Location: QUAD: FORT BRAGG LEGAL DESCRIPTION:

Drainage:

PACIFIC OCEAN

Survey Dates: 10/28/96 to 10/30/96

LATITUDE:39°22'37"

LONGITUDE:123°48'55"

HABITAT UNITS HABITAT HABITAT MEAN TOTAL PERCENT MEAN MEAN MEAN ESTIMATED MEAN ESTIMATED MEAN MEAN

UNITS FULLY TYPE PERCENT LENGTH LENGTH TCTAL WIDTH DEPTH AREA TOTAL VOLUME TOTAL RESIDUAL SHELTER

MEASURED OCCURRENCE (£t.) (ft.) LENGTH (ft.) (ft.} (sq.ft.) AREA (cu.ft.) VOLUME POOL VOL RATING

(sq.ft.) (cu.fr.} (cu.ft.)

103 13 RIFFLE 31 18 1500 22 5.5 0.2 114 11762 35 3573 a 12

97 10 FLATWATER 29 39 3819 44 6.6 0.4 171 16560 61 5878 0 32

127 23 POOL 38 22 2761 32 7.7 0.8 169 21409 153 19471 118 37

5 o] DRY 2 15 74 1 0.0 0.0 0 0 0 0 0 0

1 o CULVERT 0 38 38 0 0.0 0.0 0 0 0 0 0 0
TOTAL TOTAL TOTAL LENGTH TOTAL AREA TOTAL VOL.
UNITS UNITS (ft.) (sq. ft.) (cu. ft.)
333 46 8592 49731 28921
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CALIFORNIA SALMONID STREAM
HABITAT RESTORATION MANUAL

JUGHANDLE CREEK
HABITAT TYPES BY PERCENT OCCURRENCE
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Graph V-1. Comparison of Level I1 habitat types by percent occurrence.
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Table V-2. Summary of habitat types and measured parameters. Summarizes Level IV physical fish
habitat of the stream surveyed. From this data, graphs can be generated to compare habitat
types by percent occurrence, total length, percent total length, total volume, etc.

JUGHANDLE CREEK Drainage: PACIFIC OCEAN

Table 2 - SUMMARY OF HABITAT TYPES AND MEASURED PARAMETERS Survey Dates: 10/28/96 to 10/30/96

Confluence Location: QUAD: FORT BRAGG LEGAL DESCRIPTION:

LATITUDE:39°22'37" LONGITUDE:123°48'55"

HABITAT UNITS HABITAT HABITAT MEAN TOTAL TOTAL MEAN MEAN MAXTMUM MEAN TOTAL MEAN TOTAL MEAN MEAN MEAN
UNITS FULLY TYPE OCCURRENCE LENGTH LENGTH LENGTH WIDTH DEPTH DEPTH AREA AREA VOLUME VOLUME RESIDUAL SHELTER CANOPY
MEASURED EST. EST. POOL VOL RATING

# % ft. ft. % ft. ft. ft. sqg.ft. sq.ft. cu.ft. cu.ft. cu. ft. %

100 11 LGR 30 18 1828 21 5 0.2 0.7 93 9270 21 2149 0 6 99

1 1 HGR 0 8 8 0 8 0.1 0.3 45 45 5 5 0 10 100

2 1 Cas 1 32 64 1 10 0.5 1.1 420 840 210 420 0 70 92

41 6 RUN 12 21 860 10 7 0.4 0.9 179 7357 60 2462 0 12 97

56 4 SRN 17 53 2959 34 6 0.4 0.7 158 8828 61 3440 0 63 99

3 1 TRP 1 57 170 2 6 1.0 2.6 ’ 366 1098 366 1098 183 10 100

84 12 MCp 25 23 1915 22 8 0.8 2.7 162 13645 141 11858 113 4