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Executive Summary

Thisdocument
reflectsan effort to
establishaconsstent

=

t:"a-:l'-" .'"' 2

i format for the

3 collection of sdlmo-
3 nid habitat data

acrossthe Pecific
Northwest. More
gpecificaly, our
objectiveswereto:
1) provide asynthesisof the salmon habitat proto-
colsapplicableto the Pacific Northwest, 2) recom-
mend asubset of these protocol sfor use by volun-
teers and management/research personnel across
theregion, 3) link these protocol swith specific
typesof habitat projects, 4) establishaQuality
Assurance/Quality Control framework for the data
derived from the use of these protocols, and 5) to
thedegree possible, identify theformat and destina-
tionwherethedataisroutinely sent.

To achievethese objectives, we assembled 112
documentsdrawn from the Pacific Northwest and
elsewherein North America, and developed al-2
page synthesisof each. These documentsembody
429 protocolsfor collecting dataon 48 protocol
Focus Types (physical and biologica habitat
attributes) relevant to salmonids. We organizedthe
protocolsunder four main habitat categories. 1)
Freshwater (e.g., streams, rivers, lakes, wetlands),
2) Water Qudlity, 3) Riparian/Upland Habitat, and
4) Estuarine/NearshoreMarine.

Following adetailed review of the protocols, we
used sdlection criteriacombined with ascientific
peer-review processto recommend asubset of
protocolsfor use acrossthe Pacific Northwest.
Protocolswereevauated intermsof: 1) areview of
the protocol dements; 2) theaccessibility and
practicability toworkerswith diversetraining; 3)
gpplicability acrossthedifferent environmentsof the
region, sothat dataand analysisare comparable; 4)
listing of toolsand implements needed; and 5) kinds
of datagenerated. Wewere not ableto assess
implementation cogts, asbudgetary informationwas

seldomincludedinthe protocols. Weultimately
identified 68 protocol sfor use by volunteers, and 93
protocolsfor use by management/research person-
nel acrossthe Pacific Northwest.

Theprincipa purpose of monitoring isto help make
decisionsby reducing uncertainty and track
progresstoward identified goas. With thecon-
certed investmentsbeing placed in salmonid habitat,
thereisanincreasing desireto monitor aspects of
management-, restoration-, and mitigation-based
projects. To gainthegreatest benefit fromthe
protocolsrecommended herein, usersmust first
articulateaset of inventory or monitoring questions
tobeanswered. Then, by linking these questions
with the protocolsherein, userswill bebetter ableto
maximizether inventory and monitoring invesments.
Toaidinthisimportant effort, wehavelinked 77
habitat Project Typeswith therecommended
protocols. Further, to ensureclarity, we have
provided descriptionsof the project typesand focus

typesintheglossary.

Thedatacollected through the protocol srecom-
mended inthispublicationwill adinprovidinga
cons stent foundation for plansto restoreand
protect the health and biological capacity of salmon-
bearing streamsand nearshoremarineareasinthe
Pacific Northwest. Likewise, thedatawill bean
important basisfor determining whether compl eted
projectsand related conservation actionsare
achieving their intended godls. Totheextent pos-
sible, we haveidentified thetype of format the data
isstoredin, aswell astheagenciesor entitiesthat
aretherecipientsand caretakers of thisdata. Local
and regiona datamanagement isan areain urgent
need of funding investments. Important advance-
mentsin datahandling, accessibility, and andysis
capability will semfromtheoverdl effortsin
monitoringintheregion.

The geographic scopeof thisproject includesthe
freshwater and nearshore marine areas of Oregon,
Washington, British Columbia, daho, and M ontana.
The protocolsrecommended hereinwill dsofind
important applicationsin the salmon-bearing areas
of Californiaand Alaska, and in other saimon
regions(e.g., PacificRim).



Approach

Roleof Habitat.
Habitat playsa
centra rolein
samonid conserva
tion. Habitatsare
relatively stable
throughtime, easily
definedinintuitive
physica terms, and
provideatangible
resourcefor negotia-
tions, decision-making, and restoratior/mitigation
actions. Habitat isnow the basisof most impact
assessmentsand resource inventories, many species
management plans, mitigation planning, and environ-
mental regulation. Six general classesof character-
isticsdeterminethe suitability of aquatic habitatsfor
samonids. flow regime, water quality, habitat
structure, food (energy) sources, bioticinteractions,
and access (Spenceet al. 1996; Cederholmet al.
2001). Habitat lossand degradation arethe pri-
mary reasonswhy themgjority of species(plants,
fishes, wildlife, invertebrates) arebeing listed at the
stateand federa levelsinthe United States (Endan-
gered SpeciesActs), and at the Provincial (Red or
BlueLists) andfedera levelsin Canada
(COSEWIC rankings). Benchmarksof improved
and stabilized habitat conditions are subsequently
used asde-listing criteriain recovery plansfor these
Species.

Tar get audiences. Therearetwo primary audi-
encesfor the protocol s contained in thisdocument:
1) volunteers, and 2) management/research person-
nel. Theseuser groupshavediffering kill levels,
accessto equipment, availability of timeand funding,
and applicationsof thegathered data. Both groups
generate basdline and monitoring dataimportant to
the conservation of sddmonidsintheregion (Foreet
al. 2001).

Overview of theProtocols. Numerousand
varied methodsof inventorying and monitoring
salmonid habitat conditions have been devel oped by
federd, sate, triba, provincia, non-governmental

organizations(NGOs), and private entitiesacross
the Pacific Northwest. Many entitiesaready
inventory or monitor habitat componentsrelevant to
salmonids, but the effortsarelargely uncoordinated
or unlinked, havedifferent objectives, usedifferent
indicators, and lack support for sharing and stati sti-
caly analyzing the data (Independent Science Panel
2000). A diversity of methodsisdesirableinthe
initial stagesof any rapidly developing field, but
enough time has passed to now assessthe state-of -
the-science and recommend sel ected data collection
methodsthat robustly capture dataon freshwater
and marine habitats. Whilethe geographic scope of
datacollection methodologiesisofteninitially
designedfor useat thelocal or watershed level, the
useof cond stent methodol ogiesacrosslarger
regions, in our casethe Pacific Northwest, isnow

appropriate.

Thecentral theme of thisdocument ison protocols
for collecting habitat data. The protocolsinthis
document outlinethe stepsfor obtaining field-,
laboratory-, and office-based dataabout physical
and biological conditionsrelevant to samonid
conservation and the health of aguatic systems.
Whilewe have not addressed protocol sfor the
sampling or handling of fish (e.g., smolt trapping,
seining), wehaveincluded protocolson
macroinvertebrates, plankton, and biomonitoring of
fishcommunities. Becauseof thecrucia rolethat
salmon carcassesplay intheoveral ecology of
aguatic systems(e.g., nutrient cycling), wehaveadso
incorporated protocol srelevant to acquiring,
handling, and depositing carcassesin streams.

Inthis project, we assembled 112 documents
containing 429 data protocol saddressing 48 focus
areasrelevant to Pacific Northwest saimonids. The
majority of these documentswere published be-
tween 1995 and 2001. A number of the documents
(e.g., Bainand Stevenson 1999; Saney and
Zadokas1997; Barbour et al. 1999; Jamieson et

al. 1999) arerobust synthesis of scienceand contain
an array of habitat protocols. Most of the protocols
referenced inthis publication have been previoudy
published. A number of “new” protocolson specific
topicswhere amethodol ogy had been devel oped
but had not yet been formally published (e.g.,
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hydromodifications) hasaso beenincludedinthis
document. Whilethescienceinvolvedinaguatic
protocolscontinuesto advance, asolid foundation of
techniqueshasbeen devel oped to addressthe data
collection needsof salmonid habitat.

Recommended Protocols. Werecommend a
specific subset of 126 protocolsfor consistent use
acrosstheregion. To captureinformation onthe48
Focus Types (reflecting habitat and biological
attributes), we recommend 68 protocol sfor use by
volunteers, and 93 protocolsfor use by manage-
ment/research personnel acrossthe Pacific North-
west. So, why arewe recommending morethan
one protocol per focustype? Typically, one proto-
col addressesasinglefocustype(e.g., weare
recommending one protocol for measuring water
turbidity). However thereareinstanceswhere
multiple protocol sare associated with onefocus
type. For example, we arerecommending two
protocolsfor acquiring temper ature data—one
protocol reflectsthe use of dataloggersandthe
other protocol reflectsthe use of an automated
monitoring station. High-quality temperaturedata
can be gathered under either protocol, but not all
users have accessto the more expensive automated
monitoring station equipment.

Whilethe protocolsrecommended in thisdocument
arereasonably comprehensive, pecialized or
research needs may requirethe development of new
or different methodol ogies. For these needs, we
urge usersto first review therecommended proto-
cols(Table5). Thereafter, wedirect userstothe
other documents summarizedinthispublication (see
Appendix I1), asthey arelikely to find many of the
key building blocksto support their speciaized
needs. New protocols should be devel oped
consistent with the* Essential Elementsof Protocols’
(Table2).

Linking Restoration and Mitigation Proj ects
with theProtocols. A widearray of agencies,
tribes, volunteer groups, schools, watershed com-
mittees, and privatecitizensundertake salmon
habitat and restoration/mitigation project data
collection, so having consistency inmethodsis
fundamental. Our objectivewasto providelinkages
between the projectsand the protocolssuch that if

monitoring of habitat dataat (or inventory of condi-
tionsprior to) projectsisdesired, thereareconsis-
tent methodol ogiesto do so. Inthisdocument, we
identified 77 typesof projectsaffecting salmonid
habitat, and have cross-linked these projectsto
specific protocolsto guidetheir datacollection
(Table5). Also, itisimportant that theterminol ogy
surrounding project typesbeclear. To help support
this, we have placed descriptions of the project
typesin Appendix | (Glossary) of thispublication.
Additiona terminology of aquatic habitat inventories
can befound in Armantrout (1998).

TheRoleof Protocolsin Monitoring Strategies
Egtablishing abasdlineand monitoring changesin
habitat conditionsisfundamental totherecovery
and conservation of salmonids. Toefficiently
undertakethese effortsrequiresathoughtful ap-
proach to monitoring and evaluation. A well-
structured monitoring and eval uation planresultsin
thecollection of extremely valuabledata. Ina
broad sense, monitoring can be defined asthe
collection of information necessary to understand
the condition and trends of componentsand pro-
cessesin asystem of interest. Morespecificaly,
monitoring effortsprovideacontext for: 1) confirm-
ing that management decis onswereimplemented;
2) making accurate status assessments of the
resourceto determinewhether management objec-
tivesare being achieved, and 3) improved under-
standing of sdlmonidsand their environmentsto
determinethe extent to which changesin statuswere
theresult of management actions. Examplesof web
stesfor key planning effortsand legidationon
monitoring and eva uationinthe Pacific Northwest
areshowninTablel. A set of common Objectives
for monitoring and evaluation effortsincludesthe
fallowing:

. Measure attributes of environmental condi-
tionsand biological resourcesinthesystem
of interest within relevant tempord and
Spatia scaes.

. Conduct ecological research to better
understand the distribution and abundance of
ecologicd variablesat thewatershed and
landscape scales.

. Improvetheintegration, coordination, and



sharing of monitoring effortsacrossorgani-
zations, geographic scales, and relevant
elementsof theecosystem.

. Ensurethat management decisionsare
based on the best and most current informa:
tion.

. Predict future conditionsand suggest hy-
pothesesfor subsequent scientifictesting.

Typically, monitoring and eva uation plansinclude
thefollowing aspects.

Driven by questionsto be addressed: Identifica-
tion of management questionsformthebasisof the
monitoring effort. Imperativetoinventory and
monitoring effortsistheprior articulation of specific
guestionsto be addressed (to guide datacollection),
and the accuracy/quality level of the datadevel oped
(toguideusesof thedata). More specificaly, the
guestionsto be asked should be akin to: “What
guestionsarewetrying to addressthroughthis
habitat inventory/monitoring effort?* Arethe most
appropriate methodsbeing applied?’ and “Where
will thedatadevel oped fromthiseffort resde?’
Because considerabletime and resources are spent
onmonitoring activities, the clear articulation of the
guestionsto be addressed isfundamenta. While
questionsregarding sdlmonid habitatsaresmilar
acrossthe Pacific Northwest, they are not necessar-
ily consistent acrosstheregion. Thus, westrongly
urge usersto think through, and writedown, the
specificinventory/monitoring objectivesand ques-
tionsthey aretryingto address.

Contains a consistently applied set of attributes:
Monitoringinvolvesaseriesof observations,
measurements, or samplesof theseattributes
collected and analyzed over time. Theselection of
the appropriate protocol(s), clear definition of the
dataattributes, and adherenceto careful sampling
designisessentid tofulfill theidentified needs.

Quantifiablethrough direct observation: The
focusof monitoring effortsshould beontheacquisi-
tion of datathat specificaly quantify amountsand
conditionsof habitat.

Satigtically valid approach: Monitoring efforts
will need to meet assumptionsfor standard Satistical
analysisand resultsin estimateswith known bound-

ariesof error.

Repeatable: The protocolsused should providea
datistically defensiblemethod for evaluating and
minimizing observer biasand sampling error. This
consideration isintended to reducetheinherent
variability surrounding many of the dataattributesso
that replication of sampled attributeswill bemean-
ingful acrosstime and space.

Coordinated with other resource entities: Itis
imperativethat the protocol sused and the data
collected are compatible acrossthe Pacific North-
west. Thedevelopment of aregional datasystem
for habitat (centralized or distributed data sets) is
clearly warranted at thistime. Inthiscontext,
management actions can beeva uated, trendsin
salmonid responsesidentified, and changesin
recovery and conservation strategies supported.

Cost efficient: Funding resourceswill alwaysbe
limited; utilizing focused datacollection and analys's
procedures by volunteers and management/research
personne will prioritize specific dataneedsandyield
thegreatest long-term benefits.

Listed below are components of an existing Moni-
toring Plan (see Oregon water quality monitoring
tech guide book pp. 2-2 and 2-3; http://
www.oregon-plan.org/Chaptersl-5.pdf); theitems
preceded by an“*” reflect topics supported by the
protocolsidentified in thisdocument.

Problemdefinition

God

Objectives

Hypotheses

Sitedescription

* Datagathering strategy

* Methods

* DataQuality

* DataStorageand Analysis
Timetableand Staff Requirements
Landowner Permissor/Relations




Table 1. Examplesof web siteson key planning venuesand legidation on monitoring and evaluationinthe

Pacific Northwest.
Name of the i
Area/State Plan/Act/Program Web Ste Address
http://Amwwv.oregon-plan.org/index.html
SB 924 — The Oregon :
Oregon Plan for Samon http:/Amwv.orst.edu/ Dept/ ODFW/freshweter/
Watersheds
o http://Amwwv.governor.wa.gov/esa
SSB 5637 —Monitoring http://mwifd TEW/
Washington Strategy and Action
Pan
Oregonand http:/Amwv.or.blmgov/mwfp.htm
Weashington Northwest Forest Plan
Puget Sound Water | hitp:/Amwww.wa.gov/pugetsound/Programs/Monitor.htm
Puget Sound Qudity Monitoring
Program
HB 337 — Office of
|deho Species Consarvation
-Naturd Streambed and
Montana Land Presarvation Act
-Stream Protection Act
British Bill 25—-1997 —-Fsh | http:/Amwwv.for.gov.be.calric/
Columbia Protection Act
Pacific http://research.nwfsc.noaa.gov/chd/trt/index.ntml
Northwest http://Amwwv.nps.gov/ccso/sa monid.htm
ColumbiaRiver http:/Amawv.rweouncil .org/library/2000/2000-19 toc.htm
Basn
Columbia hittp://Amawv.col umbi aestuary.orgydescrip.html
Eduary
ColumbiaRiver http://Amamw.critfc.orgtextt TRPHTM
Inter-Triba Ash
Commisson:
Cdifornia http://ceres.cagov/cralcoasta salmon plan.html

How to Use this Document
Definitionsof key
termsused in this
publication. Wemake
frequent use of the
falowingterms

Document Number :
Asweassembled
publicationscontaining
protocolsfor this
project, wegavethem

aDocument Number. While somepublications
included only asingle protocol, other publications
contained multipleprotocols. Inthelatter case, we
did not separate the protocols, rather, for ease of
useand quick recognition by users(severa proto-
colsarewdl known and areeasily identifiable by
their cover, which we scanned and incorporated into
our publication), weleft themintact. Thus, each
publication (but not each protocol) isidentified asa
separate document. Protocolsarelisted by the
Document Number of the publicationthey are



contained within.

Document Directory: The Document Directory
servesasan index, and precedes the document
summariesinthispublication. The Document
Directory listsall of thedocumentsby their number,
title, and pagenumber. The Document Directory
startson page 44.

Focus Type: We have devel oped theterm Focus
Typefor thispublication; theterm reflectsthemesor
focusareas of protocolsrelevant to the assessment
of aguatic environs. Focustypesincludetopics
such ashabitat attributes or habitat €l ements,
biologica features(e.g., measuring biologica
community richness), and genera techniquessuch as
photodocumentation. Inthisproject, weidentified
48 focustypes; each of the protocol swere ascribed
to oneof thesefocustypes.

Project Type: A commonly practiced restoration,
mitigation, or protection action. Project typesare
typicaly conducted aslocal-scale management
activitiesthat physicaly dter theterrestria or
aqueatic environment (or protect it from alteration).

Protocol: A detailed method or techniquedesigned
to generate dataon the conditions of afeature of
interest. Inthisdocument, protocolsreflect meth-
odsto inventory or monitor the physical and biologi-
cal conditionsof thefreshwater and estuarine/
nearshore marine environment relevant to sddmonids.

Quality Assurance ensuresthat your datawill meet
defined standards of quality with astated level of
confidence; Quality Control refersto technical
activitiesthat reflect error control. Together, QA
and QC help you produce dataof known quality,
enhancethecredibility of your groupinreporting
results, and ultimately savestimeand money, and
resultsinagrester contribution to salmonand
aguatic system conservation.

FindingaParticular Protocol or Project Type.
In order to find arecommended protocol for a
particular habitat attribute or management project,
you are encouraged to use Table 5 (page 23) and
locate aProject Type or Focus Type of interest,
read acrossthetable and find the corresponding
document number, and then locatethe document in

the Document Directory. Pleasenotethe Comments
section of Table5, asthismay address specific
features of the protocol and may aid your search.
Following the Document Directory isasummary of
each document containing contact information (web
site, phone number, address) so you can acquirea
physical copy of thedocument containingthe
protocol of interest.
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M ethods Each document contained datacollection
methodol ogiesfor one or more protocols. We
examined each document and prepared asynthesis

Between August 2000 and ) o~

September 2%01 e of each that included the Title, Citation, Source,
bled 112 documents A\/\Oblstr?ct, Ta;ge_t Appllcaggtn, '\S/Iljltg:)m_ty fg

containing 429 samonid unteers, Training aspects, Monitoring Focus,

Geographic Scale, Methods, QA/QC Levels, the
format and destination of the data, Equipment
and Tools, and Examples of Filled-in Data
Forms (See Document Summariesbeginning on
p.50). Asitisimportant that thefull text of the
documentsbereadily availableto users, we
identified thewebsite, mailing address, and phone
number of the publishersof thedocumentsinthe
Source section.

habitat-rel ated protocols
applicableto the Pacific
Northwest. The*Pecific
Northwest’ reflectsthe states of Montana, Oregon,
|daho, Washington, and the Province of British
Columbia. Nationaly-accepted water quality
protocols(i.e., Environmental Protection Agency)
were collected from elsawherein the United States.

Table 2. Essentia Elementsof Protocol s (adapted from Fancy 2001); criteriafor selecting the
recommended protocols.

I. Background and Objectives:
1. Background — history, resources being addressed
2. Rationale — justification of selecting a given resource to inventory or monitor
3. Objectives — list of measurable tasks

Il. Sampling Design:
4, Site selection — criteriafor site selection; defining boundaries or “populations’ sampled; procedures for
selecting sampling locations; stratification, spatial design
5. Sampling Frequency and replication — recommended number and location of sampling sites; frequency
and timing of sampling; level of change that can be detected for the amount/type of sampling

I11. Field/Office M ethods:
6. Setup — field season preparations and equipment setup (including permitting/compliance procedures).
7. Events sequence — sequence of events during field season or during preparation of a monitoring plan
8. Measurement details — details of taking measurements, with examples of field forms
9. Sample processing — post-collection processing of samples (e.g., lab analysis, preparing specimens)

IV. Data Handling, Analysis and Reporting:
10. Metadata procedures — descriptions of fields and sizes; sample collection information; site description;
quality assurance procedures
11. Database design — overview of database design and structure illustrating relationships between tables
12. Data entry — data entry procedures; verification and editing of data
13. Data summaries — data summaries and procedures for conducting statistical analyses
14. Report format — recommended report format with examples of summary tables and figures
15. Trend analysis — recommended methods for trend analysis
16. Archival procedures — data archival procedures

V. Personnel Requirements and Training:
17. Responsihilities — roles and responsibilities
18. Qualifications
19. Training availability, locations, timing, and procedures

V1. Operational Requirements:
20. Workload and schedule
21. Equipment needs — list of equipment, materials and facilities needed
22. Budget considerations

VI1I. References
23. Scientific basis for the protocols (Literature Cited)
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Our primary criteriafor selecting the protocols
recommended inthisreport are shownin Table 2.
Thesecriteriareflect 23 Essentia Elements’ of
protocols (adapted from Fancy 2001). We
examined each document and talliedan® X" or “+”
wherethe protocol document containedinfull, orin
part (respectively) that essential element. The
protocolshaving the greatest number of essential
elementswereinitialy sdlected for recommendation.
Inadditionto the essential elementsreview, we
recognized that some protocol s (or minor variations)
have had long-standing regional acceptance(e.g.,
McNeil and Ahnell 1960). Other protocolshave
been previoudy reviewed and recommended aspart
of multi-agency efforts(e,g., IRICC 2000). Thus,
wealso consdered protocolsfor recommendation
based on 1) their long-standing acceptance and
applicability intheregion, and 2) robustness of
earlier multi-agency efforts. All protocolswere
examined for application to either avolunteer or
research/management audience; thisprocesswas
relatively easy, asthemgority of protocolsclearly
articul ated either (or both) of thesegroupsintheir
descriptions.

DataQuality Standar dsand Quality Assur -
ance/Quality Control Aspects
Werecognizethat different protocols, and personnel
withdifferent skill sets, generate dataof differing
strengthsand weaknesses. Toassist inestablishing
standardsfor dataquality, and to more accurately
portray the appropriate usesfor thedata, we
developed adataquality guidancetable (Table 3).
Thisguidancetable, based on Washington Dept. of
Ecology Publication #96-2014-WQ& FA May
1996, Rev. April 1999, and expanded here, helps

referenceismadeastothe”Level of Data Qual-
ity”. Thislevel of dataquality reflectslevels1-4 as
shownintheleft hand column of Table3.

In Table 3, and reading straight acrosseach of the
four levels, the descriptorsindicate the quality of the
data. For example, aLevel Two volunteer, trained
to useacolor comparator kit and working under the
guidance of acoordinator with specific expertise,
maly conduct proper Dissolved Oxygen measure-
mentswhich might serveasan early warning,
indicating new or suddenly worsening problemsina
sream. A Level Threeeffort might find certified
Streamkeepersfollowing awritten quality assurance
project plan (QAPP), properly collectingriparian
vegetation conditions, and submitting datato the
state/province datasystem. Level Four monitors
would probably useacaibrated pH meter, docu-
ment their QA follow-through, and perhaps submit
datafor the303(d) list. Thelevelsarenotrigid; a
monitor may rate* higher” inonecolumnthanin
another. Theremay beexceptionsor variations,
depending on the specific project. Reading down
thecolumns, each leve includesrequirementsof
preceding levelsasusesbecome more demanding.
For ingtance, dl Leved Threerequirementsapply to
Level Four, plusthemorerigorous standardsas
well. Additional information on aspectsof Quality
Assurancefor Project Planscan befound at:
http://www.epa.gov/qudityl/gs-dos/r5-fina .pdf

Guidelinesfor preparing Quality Assurance Project
Plansare availablefrom the Washington Department
of Ecology (Lombard and Kirchmer 2001). A
good example of acompleted Quality Assurance
Project Planisonedevel oped by the
Streamkeepersof Clallam County (Washington)

to characterizethe quality of datagenerated by (Baccus and Chadd 2000).
volunteers, students, and professionals. In our
summariesof the protocol documents, specific
B o _:___\_T;EL;-_ ; = = "'"_ -.-- ik < pices
-.T L -:._-d_-!.-.. -!.-\. I-F?I ; !. a 3 ..il J."m - . lfr-ﬁ

Fae

S
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Table3. Dataquality standards, datalevel's, and QA/QC aspects.

Examples Education/
QA/QC of QA/QC Examples of Training Expected
Level | Levels Standards Activities Guidelines Uses of Data
No formal Field observations on General field Volunteer or Educational,
QA/QC plan standard forms; EPA observations, student with brief general
required Streamwal k including the number | orientation awareness,
One and diversity of anecdotal
organisms observations
Basicwritten | GREEN field manuals, | Field sampling; Volunteer, student | Educational;
plan— Color comparator kit analysisusing field or technician watershed
purpose, instructions kits; observing supervised by an characterization;
parameters, categorical expert monitor red flag or early
methaods, sites, abundance' of warning; general
Two | schedule organisms and characterization of
identifying them to landscape changes
theorder level; through time
repeat photography (from repeat
photography)
Forma QA Technical guidelines Using calibrated Trained volunteer Screening level
plan or data (e.g., Adopt-A- metersfor field (eg., Sream- information;
standards (i.e. | Stream’s measurements; keepers); scoping phase of
meetsrequire- | Sreamkeepers Field collecting and technician with watershed
ments of Guide, 1999; EPA's analyzing water experience or approach; 305(h)
EPA'sVal. Volunteer Monitoring | samples; identifying | training; or a Report? BM
Mon. Guideto | Methods Manuals) benthics to the family | participant in an evaluation data;
QAPP, 1996); level; assessing established water quantity/
Three al tests stream width or monitoring flow data; aguatic
needing lab riparian conditions program (e.g., WA- | habitat and
analysis done TFW). riparian
aan conditions for
accredited lab SSHIAP
Follows WA Ecology technical | Toxic substance Professional/ Key baseline
forma QA guidelines (eg. sampling; sampling Qualified assessments,
plan and Cusimano 1993, Coots | for enforcement; individual with recovery planning
documents 1995); Plotnikoff's bioassays; identifying | degree and specific | and policy
exactly how Instream Biological benthicsto the training or devel opment;
it's Assessment Monitoring | genus/specieslevel; | equivalent tracking trendsin
Four | implemented; | Protocols 1994 conducting fish experience salmon habitat,
sample chain- passage barrier 303(d) list”; data
of-custody inventories for TMDLS’

! Categories of abundance: absent, rare, present, abundant, very abundant
2 WA State Dept. Of Ecology’s 305(b) Report shows whether water bodies support beneficial uses such as
swimming and fishing — or whether these uses areimpaired. Contributions of data are solicited from various
sources, but must meet high standards (see Level 3).
% Best Management Practices

“ Contributions to SSHIAP (WA Salmon and Steelhead Habitat Inventory and Assessment Project) data system
are solicited from various sources, but must meet high standards (Levels 3 and 4).
> WA Dept. of Ecology’s 303(d) list shows impaired and threatened waters that don’t or probably couldn’t meet
water quality standards. Ecology accepts data for thislist from outside sources, but it must meet the highest
professiona standards (see Level 4).
® TMDLs (Total Maximum Daily Loads, also known as Water Cleanup Plans) identify the pollution problemsin
a specific waterbody and allocate the maximum allowable pollution from various sources.
This guide, based on WA Dept. of Ecology Publication #96-2014-WQ&FA May 1996, Rev. April 1999, and
modified by the authors and may be viewed at: http://ww.wa.gov/ecol ogy/wg/wow/wdw/monlevel .html
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Results

Essential Elements of
Protocols’ Assessment.
Theresultsof our
“Essentid Elementsof
Protocols’ assessment
areshownin Table4.

A bar graphdisplayinga
summary of the Essen-
tial Element assessment of the combined protocol
documentsisshowninFigure 1.

Recommended Protocols and Glossary of Terms.
Therecommended protocolsareshownin Table5;
aconci se explanation of why they wererecom-
mended isoffered in the associated comments
section. A Glossary of Terms, that includesthe
descriptions of Project Types and Focus Types,
and agenera glossary isincludedin Appendix |.

Additiona terminology of aquatic habitat inventories
can befound in Armantrout (1998).

Recipientsof the Data. A substantial weaknessin
our regiond effortsfor consistent sdlmon habitat
dataisrelated to datamanagement. Oncethedata
hasbeen collected, support for the maintenanceand
long-term storage of the datahasbeen difficult for
most organizationsbecause of limited andirregular
funding investmentsand arapidly changing techno-
logical environment. Someorganizationsare accept-
ing dataat thistime. A list of datarecipientsis
showninTable®6.

Full Listing of Protocols Evaluated in this
document. Weidentified 77 typesof projects
affecting salmonid habitat, and have cross-linked
these projectsto specific protocolsto guidetheir
respectivedatacollection (Tableb5).

Weoffer thefull array of protocolsexaminedinthis
project, arranged by Project Type and Focus
Type, in Appendix I1.

Index. An Index to the contentsof thispublicationis
offeredin Appendix I11.
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Table 4. Essential Elements of
Protocols - Assessment




Table4. Essentia Elements(see Table 2) of the 112 documents. An*“ X" and“+” indicatefull or partia inclusion of protocolse ementsin the document,

respectively. An“Na’ indicatesthat thisparticular element isnot gpplicable.
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Pacific Northwest
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Table 6. Data Pipéline -
Destination of Collected Data




Table 6: DataPipeline - Destination of Data Collected Under Specific Protocols.

State,
Region or
Province

Document
Number

Organization

Database/
System

WA

TFW Monitoring Program — Northwest Indian Fisheries
Commission.

6730 Martin Way E.

Olympia, WA. 98516

Phone: (360)-438-1181

www.nwifc.wa.gov

ORACLE

WA

1,2,7,8,
14, 24, 25,
29, 37, 63,
112,108

SSHIAP — Washington Dept. Fish & Wildlife (Data accepted
statewide)

600 Capitol Way N

Olympia, WA. 98501-1091

Phone: (360)-902-2200;

Internet: http://www.dfw.wa.gov

Northwest Indian Fisheries Commission (Data accepted in WRIASs
1-23)

6730 Martin Way E.

Olympia, WA. 98516

Phone: (360)-438-1181;

Internet: http://www.nwifc.wa.gov

ACCESS

WA

20, 40, 57,
60, 61, 68,
69, 70, 86,
87,

W ashington Dept. of Ecology
PO Box 47600

Olympia, WA. 98504-7600
Phone: (360)-407-6000

Www.ecy.wa.gov

EIM
SYBASE

WA

95

W ashington Dept. of Ecology
Ambient Monitoring Section
Po Box 7710

Olympia, WA 98504-7710

STORET

WA

16

Clallam County Dept. of Community Development
223 East 4th Street Port Angeles Washington 98362
(360) 417-2321; FAX: (360) 417-2443
http://www.clallam.net/dcd/

ACCESS

WA

18

Salmonweb
http://www.salmonweb.org

EXCEL

WA

22

The Nature M apping Program
http://www.cbr.washington.edu/naturemapping

PARADOX

WA

23,103

SSHEAR — Washington Dept. Fish & Wildlife 600 Capitol Way
N.

Olympia, WA. 98501-1091

Phone: (360)-902-2200

PARADOX

WA

28

People for Puget Sound
1402 Third Ave. Suite 1200
Seattle, WA. 98101

Phone: (206)-382-7007
http://www.pugetsound.org

Not Specified

WA

29

Puget Sound Water Quality Action Team

P.O. Box 40900 Olympia, Washington 98504-0900
Phone: (360)-407-7300

Toll freein WA: 1-800-54-SOUND
http://www.wa.gov/puget_sound

Filemaker Pro
&
EXCEL
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State, Region,
or Province

Document
Number

Organization

Database/
System

WA

89

King County Department of Natural Resources
King County Courthouse

516 Third Ave, Sedttle, WA. 98104

Phone: 206-296-0100

Toll Free: 800-325-6165
http://mww.metrokc.gov

EXCEL

OR

21

Oregon Dept. Fish & Wildlife

2501 SW 1 Ave, PO Box 59
Portland, OR 97207

Information: (503) 872-5268
http://mww.dfw.state.or.us

Oregon Dept. of Environmental Quality
811 SW Sixth Avenue

Portland, Oregon 97204-1390
Phone: (503) 229-5696

Toll Freein Oregon: (800) 452-4011
http://mww.deg.state.or.us

LASAR

OR

12

Oregon Dept. of Environmental Quality

811 SW Sixth Avenue

Portland, Oregon 97204-1390

Phone: (503) 229-5696; Toll Freein Oregon: (800) 452-4011
http://mww.deg.state.or.us

LASAR

OR

Student Watershed Research Project
Saturday Academy/OGI

20000 NW Walker Road

Beaverton, OR 97006

Fax 503-748-1388
http://www.swrp.org

Not
Specified

AK

Alaska Dept. Fish & Game

P.O. Box 25526

Juneau, Alaska 99802-5526

Phone: (907) 465-4100

http://mww.state.ak.us/l ocal/akpages/ Fl SH.GAME/adfghome. htm

Not
Specified

Idaho Division of Environmenta Quality
1410 N. Hilton Boise, ID 83706

Phone: (208) 373-0502
http://mww2.state.id.us/deq

Lotus 123
v.5.0

52, 54, 55, 56,
72,73, 74,75,
76, 78,79, 82, 85

Idaho Division of Environmentd Quality
1410 N. Hilton Boise, ID 83706

Phone: (208) 373-0502
http://Amww2.state.id.us/deq

Not
Specified

BC

13

Department of Fisheries and Oceans Canada
360 555 West Hastings S.

Vancouver, B. C. V6B 5G3
http://www.dfo-mpo.gc.ca

Not
Specified

BC

39,71

Department of Fisheries and Oceans Canada

Pacific Biological Station

Nanaimo, B. C. VIR 5K 6

http:/Awww. pac.dfo-

mpo.gc.calsci/protocol/shorekeepers/ Database/default.ntm

ACCESS
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State, Region, or
Province

Document
Number

Organization

Database/
System

BC

65, 90, 48, 50

Ministry of Environment, Lands and Parks
PO Box 9360 STN PROV GOVT
VictoriaBC V8W 9M2

Phone (250) 387-9422
http://www.gov.bc.ca/el p/cont/

EXCEL, WQDMS

BC

47,91, 92, 93, 94

Ministry of Environment, Lands and Parks
PO Box 9360 STN PROV GOVT
VictoriaBC V8W 9M2

Phone: (250) 387-9422
http://www.gov.bc.ca/el p/cont/

Not Specified

BC

49

Ministry of Environment, Lands and Parks
PO Box 9360 STN PROV GOVT
VictoriaBC V8W 9M2

Phone: (250) 387-9422
http://www.gov.bc.ca/el p/cont/

ARC/INFO

BC

51

Ministry of Agriculture, Food and Fisheries

BC Fisheries

PO BOX 9043 STN PROV GOVT Victoria V8W9E2
Phone: (250) 387-1023

http://www.gov.bc.calfish/

ORACLE,
ACCESS

EPA region 10

81,59

US Environmental Protection Agency
Region 10, NPS Section, WD-139
A200 Sixth Ave.

Sedttle, WA. 98101
http://www.epa.gov

PASSSFA

All US

84, 67, 15, 25, 17

US Environmenta Protection Agency
Environmental Monitoring System Laboratory
Cincinnati, Ohio 45268

Not Specified

All US

19, 80

US Environmental Protection Agency
Agency Office of Water

401 M St., NW

Washington, D. C. 20460
http://www.epa.gov

STORET

All US

31, 43, 58, 66

US Geological Survey
National Water-Quality Assessment Program
http://water.usgs.gov/nawga/nawga_home.html

Not Specified

All US

33

US Geologica Survey
Biological Resources Division
http://biology.usgs.gov/

Not Specified

AllUS

32

US Department of the Interior

Bureau of Land Management

National Applied Resource Science Center

P.O. Box 25047

Denver, CO. 80225-0047
http://mww.blm.gov/nstc/new_site location.html

Not Specified

USDA Forest
Service Region 6

14

USDA Forest Service - Pacific Northwest Region
333 SW First Avenue, Portland, Oregon 97204-3440;
P.O. Box 3623, Portland, OR 97208-3623
http://www.fs.fed.us'r6/

USFSSMART
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State, Region, | Document Organization Database/
or Province Number 9 System
USDA Forest Service Northern Region
200 E. Broadway, PO Box 7669, Missoula, MT 59807
Phone: 406-329-3511
USDA Forest http://www.fs.fed.us/r1/
Service 37 USDA Forest Service Intermountain Region FBASE 3.0
Regions1 & 4 Federal Building 324, 25th Street,
Ogden, UT 84401
http://www.fs.fed.us/r4/
USDA Forest Service Pacific Northwest Regional Office SMART —being
Po Box 3523 folded into the
Portland, OR, 97208 national Water
Contact: Deborah Konnoff — Fish Habitats Relationship Module database
Coordinator (inter-agency
AllUS 24 Phone: (503) 808-2973 accessible)
E-mail: dkonnoff @fs.fed.us Datafrom outside
sources will be
accepted starting
Spring of 2002
30, 38, 53, .
All US 62 63 64 Not Specified
77,88, 96
Washington State Department of Fish and Wildlife
1111 Washington St SE .
WA 104 Olympia, WA 98501-1091 Not applicable
Contact: Hal Michael (360) 902-2659
Intermohuntai n Research Station
I
ID 106 32425 Street DBASE IV
Ogden, UT 84401
California Department of Forestry and Fire Protection's Fire
and Resource Assessment Program (FRAP)
1920 Twentieth Street Sacramento, CA 95814
CA 107 Arclnfo

Phone: (916) 227-2651; FAX: (916) 227-2672
http://frap.cdf.ca.qov/data/frapgi sdata/sel ect.asp
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Sour ce: TFW Monitoring Program
Northwest Indian FisheriesCommission
6730 Martin Way East
Olympia, WA 98516
Phone: (360)-438-1180
Fax: (360)-753-8659
| nternet: www.nwifc.wa.gov
Cost: Nocharge

Abstract: Providestwo levelsof standard methods
for assessing and monitoring the quantity and quality
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of LWD at the TFW stream segment scale.

Pre-monitoring requirementsincludethe
TFW Stream Segment | dentification Method
(Protocol #9) and the TFW Reference Point
Survey Method (Protocol #6).

Therelatively quick Level | method
guantifiesthe number of piecesin each of several
sizeclass categoriesand by bankfull channel
zone.

ThelLevel 2 Method collects more de-
tailed information onindividual piecesincluding
piece count, volume by bankfull channel zone,
whether it isdeciduous or conifer, and stability.
LWD jaminformationiscollected for both Level
| and Level 2 Surveys. The Jam method collects
information on jam and piece count, number of
jamsby bankfull channel zone, and number of
pieces per jamin each of several sizeclass
categories.

Association with aReference Point
Survey providesinformation on pieceand jam
distribution. Optional key pieceinformation can
be collected for theLevel | and 11 methods and
iscalculated in the database for Level 2 pieces.
TFW datamanagement services provide basic
analysisof LWD dataat 100 meter (except Level
I) and stream segment scales. Standard calcula-
tionsinclude the number of piecesand jams per
channel width and kilometer.

Sections are presented in order of survey
applicationincluding: study design, pre-survey
preparation, stream discharge measurement,
survey method, post-survey documentation, data
management, and references. An extensive
appendix isalso provided that includes. copy
masters of field forms; examplesof completed
fieldforms; afield criteriaand code sheet; a
standard field and vehicle gear checklist, and data
management examples.

Tar get Application: Management

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

Training Recommended: Yes

Available? Not at thistime



Monitoring Focus.

Largewoody debrisquantity and quality:

1) Provideameansof accurately documenting the
current abundance, characteristics, and function
of largewoody debrisin stream channels.

2) Provide arepeatable methodol ogy that can be
used to monitor changesinthe statusof large
woody debrisover time.

3) Improve knowledge of thedistribution, charac-
teristics, and function of largewoody debrisin
Pacific Northwest streams.
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Geographic Scale: Basin, sub-basin, stream reach,
or project site

Methods: Office& Field
Level of DataQuality: Level 3

Equipment and Tools. Appendix D of the docu-
ment

DataForms: Appendix A and C of the document

Examplesof filled-in dataforms. Appendix B of
the document

K ey Refer ences: Page 32 the document



Document No.: 2

Timber-Fish-Wildlife (TFW) Method
Manual for the Habitat Unit Survey

Citation: Pleus, A. E., D. Shuett-Hames, and L.

Bullchild. 1999. TFW Monitoring Program
method manual for the habitat unit survey.
Prepared for the WA State Dept. of Natural
Resources under the Timber, Fish, and Wildlife
Agreement. TFW-AM9-99-003. DNR #105.
June. 31 pp.
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Source: TFW Monitoring Program
Northwest Indian FisheriesCommisson
6730 Martin Way East
Olympia, WA 98516
Phone: (360)-438-1180
Fax: (360)-753-8659
I nternet: www.nwifc.wa.gov

Abstract: The TFW Monitoring Program method
manual for the Habitat Unit Survey providesa
standard method for assessing and monitoring the
quantity and quality of habitat in wadable streams.

Pre-monitoring requirementsincludethe
TFW Stream Segment | dentification Method
(Protocol #) and the TFW Reference Point
Survey Method (Protocol #).

ThecoreHabitat Unit Survey collects
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information onthefrequency and distribution of riffle
and pool habitat units. Quantitativecriteriaare used
to distinguish and identify habitat unitsto ensure
consistency between observers. Theunit’schannel
locationisidentified aseither primary, secondary,
side, or tributary channel. Wetland, sub-surface
flow, and obscured unit types are also used to
characterize portions of the stream that are either
flowing through wetland systems, have gone
subsurface, or cannot beidentified because
visibility isobscured. Additional informationis
collected on the maximum and outl et depths of
pools, and on features associ ated with pool
formation. Guidanceisprovided for optional
collection of sub-unit habitat types.

The TFW Monitoring Program database
accepts data collected using the Habitat Unit
Survey method, performs standard cal culations,
and generated data summary reports of habitat
unit dataat 100 meter and stream segment scales.

Sections are presented in order of survey
applicationincluding: study design, pre-survey
preparation, methods, post-survey documenta
tion, datamanagement, and references.

Tar get Application: Management

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

Training Recommended: Yes
Available? Not at thistime.

Monitoring Focus:
»  Stream morphology
»  Freshwater Macrohabitat Classification

Geogr aphic Scale: Basin, sub-basin, streamreach,
or project site

Methods: Office& Field
L evel of Data Quality: Level 3

Equipment and Tools(list): Appendix D of the
document

DataForms: Appendix A and C of the document

Examplesof Filled-in DataForms. Appendix B
of the document

Key References: Page 30 of the document



Document No.: 3

Timber-Fish-Wildlife (TFW) Method
Manual for the Salmonid
Spawning Gravel Composition
Survey

Citation: Shuett-Hames, D., R. Conrad, A. Pleus
and M. McHenry. 1999. TFW Monitoring
Program method manual for the salmonid

spawning gravel composition survey. Prepared

for the WA State Dept. of Natural Resourcesunder
the Timber, Fish, and Wildlife Agreement. TFW
AM9-99-001. DNR #101. March. 48 pp.
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Sour ce: TFW Monitoring Program
Northwest Indian FisheriesCommisson
6730 Martin Way East
Olympia, WA 98516
Phone: (360)-438-1180
Fax: (360)-753-8659
I nternet: www.nwifc.wa.gov

Abstract: A standard method for the assessment
and monitoring of salmonid spawning gravel compo-
gtion. Themethodisdividedinto sampleinventory,
collection, and processing sections. Theinventory
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processensuresthat samplesfrom either rifflecrests
or gravel patch featuresare representative of
spawning gravel composition on astream segment
scae.

TheMcNeil samplerisusedto collect
samplesoninventory sites. Therearetwo options
for processing samplesthrough astandard set of
seves. Therdatively quicker volumetric method
measuresthe volume (millimetersof water displced
by ), and the gravimetric method measuresthe
weight (grams), of sampleparticlesby sizeclass.
TFW datamanagement servicesprovide basic data
analysisfor spawning gravel samplessuchas
cal culating the percentage of particleslessthan 0.85
millimeters (“fine sediments’ —volumetricequiva:
lent) and the geometric mean (gravimetric equiva
lent).

Thesurvey isdesigned for useon streams
wherethereisno prior dataavailableonvariationin
gravel compositionto guide sampledesign. For
streamswith existing data, it may be preferableto
develop custom sampling strategiesbased on
segment-specific variation. The survey doesnot
attempt to document or predict actua surviva to
emergence, nor isit oriented towardstherequire-
mentsof any particular sdmonid species.

If the stream has not already been
segmented, pre-monitoring recommendations
include the TFW Stream Segment I dentifica-
tion Method (Document No. 9).

Sectionsare presented in order of survey
goplicationincluding: sudy design, sampleinventory,
samplecollection, sampleprocessing, survey
documentation, datamanagement, and references.
Anextensveappendix isaso provided that in-
cludes. fidld forms, examplesof completed field
forms, afiedd and vehiclegear checklist, sample
bucket datatracking dips, datamanagement ex-
amples, and arandom number table.

Target Application: Management & Research

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

Training Recommended: Yes
Available? Not at thistime.

Monitoring Focus:



1) Evauatingand monitoring thecomposition
and characteristicsof spawning gravel;

2) Estimating the percentage of finesedimentsless
than 0.85 mm;

3) Comparing spawning gravel compositionamong
stream segments, watersheds, and ecoregions;

4) Monitoring trendsin spawning gravel compos
tion over time.

Geographic Scale: Basin, sub-basin, stream reach,
project site

Methods. Office& Fied

Level of Data Quality: Level 3

Equipment and Tools(list): Appendix C of the
document

Data Forms. Appendix A of thedocument

Examplesof Filled-in Data Forms: Appendix B
of thedocument

K ey References: Page 46 of the document
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Document No.: 4

Timber-Fish-Wildlife (TFW) Method
Manual for the Salmonid Spawning
Gravel Scour Survey

Citation: Shuett-Hames, D., A. E. Pleus, and D.
Smith. 1999. TFW Monitoring Program

method manua for the samonid spawning gravel
scour survey. Prepared for the Washington State
Dept. of Natural Resourcesunder the Timber, Fish,
and Wildlife Agreement. TFW-AM9-99-008.
DNR #110. December. 41 pp.
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Sour ce: TFW Monitoring Program
Northwest Indian FisheriesCommisson
6730 Martin Way East
Olympia, WA 98516
Phone: (360)-438-1180
Fax: (360)-753-8659
| nternet: www.nwifc.wa.gov
Cost: No charge

Abstract: Providesastandard method for the
assessing and monitoring changesinthedepth,
frequency and distribution of scour onastream
segment scale. Segmentsfor monitoring scour are
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selected onthebas sof oneof threemonitoring
objectives. Information onfrequency and depth of
scour isuseful whenthereisaneed to eva uatethe
effect of scour onsalmonidincubeation. Itisaso useful
for evauating theresponseof stream channelsto
changesin pesk flow discharge, sediment input, or
largewoody debrisloading.

Therdaiveabundanceof spawning habitat is
used asanindicator of resourceconditionfor individua
monitoring projectsandintheWatershed AnadlyssFish
Habitat Assessment process(WFPB, 1996). In
segmentswherespawning habitat isscarce, information
on hydrology, sediment supply, channd conditions, and
human activitiesisexaminedto determinewhy.

Thesurvey doesnot attempt to document
or predict actual survival to emergence, nor isit
oriented towardsthe requirementsof any particular
salmonid species.

If the stream has not already been seg-
mented, pre-monitoring requirementsinclude the
TFW Stream Segment | dentification Method
(Document No. 9).

Onceobjectivesareidentified and segments
have been sel ected, the spawning gravel isinvento-
ried and categorized by spawning habitat type.
Then cross sectionsare established in asub-sample
of randomly sel ected spawning gravel areasrepre-
senting each habitat type. Scour monitorsare
insertedin potentia spawning gravel dong each
cross-section, elevationsare surveyed and sub-
strate particlesize are collected after each storm
event during themonitoring period. Peak flow
dischargeisdocumented.

Scour dataare anayzed inthe TFW Moni-
toring database, which generatesreportsthat
characterizethe depth, frequency and distribution of
scour by cross section and spawning habitat type.
Scour dataareinterpretedin the context of peak
dischargeevents.

Sectionsare presented in order of survey
goplicationincluding: study design, pre-survey
documentation, survey method, post-survey docu-
mentation, datamanagement, and references. An
extensveappendix isalso provided that includes:
copy mastersof field forms, examplesof completed
field forms, scour monitor and inserter sizeand
construction detail instruction, asamplesize



ca culation matrix, asamplesite selection worksheet
example, astandard field and vehiclegear checkligt,
and adatamanagement example.

Target Application: Management & Research

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

Training Recommended: Yes
Available? Not at thistime.
Wher e? NWIFC at the address above.

Monitoring Focus. Changesand trendsin stream
channel morphology and scour characterigtics:

1) Assessscour depth, frequency and distribution
patternsin salmonid spawning gravel;

2) Detect and monitor changesin scour depth,
frequency and distribution patternsover timeon
astream segment scale; and
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3) Provideinformation on peak dischargeand
physical channel characteristicstointerpret scour
inthe context of physical channel processes.

Geogr aphic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Office& Field
L evel of Data Quality: Level 3

Equipment and Tools(list): Page8 (Survey
Equipment) and A ppendix F of the document

Data Forms. Appendix A of thedocument

Examplesof Filled-in Data Forms. Appendix B
of the document

K ey References: Page 37 of the document
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Document No.: 5

Timber-Fish-Wildlife (TFW) Method
Manual for the Salmonid Spawning
Habitat Availability Survey

Citation: Shuett-Hames, D., A. E. Pleus,andD.
Smith. 1999. TFW Monitoring Program method
manual for the salmonid spawning habitat
availability survey. Prepared for the Washing

ton State Dept. of Natural Resourcesunder

the Timber, Fish, and Wildlife Agreement. TFW
AM9-99-007. DNR #119. November. 32 pp.
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Sour ce: TFW Monitoring Program
Northwest Indian FisheriesCommission
6730 Martin Way East
Olympia, WA 98516
Phone: (360)-438-1180
Fax: (360)-753-8659
I nternet; www.nwifc.wagov
Cost: Nocharge
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Abstract: Providesastandard method for assess-
ing and monitoring changesinthedepth, frequency
and distribution of scour on astream segment scale.
Thecriteriaused to determine spawning habitat
includes substrate particle size, substrate depth,
water depth, water velocity, and surface area
coverage. A background section providesareview
of scientificliterature used asthe basisfor the
Survey method, including adiscussion of thedistri-
bution of spawning habitat within watershedsand
stream segmentsand characteristicsused by salmo-
nidsto select spawning habitat.

The Survey providestwo methodsfor
estimating theamount of spawning habitat onthe
TFW stream segment scal e; transect and patch.
Thetransect method usesdominant substrate
information collected dong systematicaly placed
transectsto estimate thetotal surfaceareaof
potentia spawning habitat withinthebankfull and
wetted channels. The patch method provides
detailed information on the surface areaand distri-
bution of individua spawning habitat patcheswithin
thewetted channel. Monitoring objectivesand
timing of surveysare used to select whether oneor
both survey methodsare applied.

Thereative abundance of spawning habitat
isused asanindicator of resource condition for
individual monitoring projectsandin the Watershed
AnaysisFish Habitat Assessment process (WFPB,
1996). Insegmentswhere spawning habitat is
scarce, information on hydrol ogy, sediment supply,
channd conditions, and human activitiesisexamined
to determinewhy. Thesurvey doesnot attempt to
document or predict actual surviva to emergence,
nor isit oriented towardsthe requirements of any
particular sdmonid species.

Sectionsare presented in order of survey
goplicationincluding: study design, pre-survey
documentation, stream discharge, survey methods,
post-survey documentation, datamanagement, and
references. Anextensive appendix isalso provided
that includes. copy mastersof field forms, examples
of completed field forms, afield code shest, data
management examples, and astandard field and
vehiclegear checklist.

Note: If the stream has not already been
segmented, pre-monitoring requirementsinclude



the TFW Stream Segment | dentification Method
(see Document No. 9). Discharge methods areto
the TFWWadable Discharge Method (see Docu-
ment No. 7).

Target Application: Management & Research

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

Training Recommended: Yes

Available? Not at thistime.
Wher e? Northwest Indian Fisheries
Commission at above address.

M onitoring Focus:. Changesandtrendsinsalmonid
spawning habitat availability:

1) Assessand monitor theavailability of potential

spawning habitat within the bankfull channd;

2) Assessand monitor theavailability of actua
spawning habitat inthewetted channel at a
dischargerepresentative of the spawning season;

3) Interpret spawning habitat availability inthe
context of channel conditionsand watershed.

Geographic Scale: Basin, sub-basin, stream reach,

project Site

Methods. Office& Field

L evel of Data Quality: Level 3

Equipment and Tools(list): Page 8 (Survey
Equipment) and A ppendix F of the document

Data Forms. Appendix A of thedocument

Examplesof Filled-in Data Forms: Appendix B
of thedocument

K ey References: Page 30 of the document
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Document No.: 6

Timber-Fish-Wildlife (TFW) Method
Manual for the
Reference Point Survey

Citation: Pleus, A. E., D. Shuett-Hames. 1998.
TFW Monitoring Program method manual for
thereference point survey. Prepared for the WA
State Dept. of Natural Resourcesunder the
Timber, Fish, and Wildlife Agreement. TFW-AM9
99-008. DNR #002. May. 31 pp
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Sour ce: TFW Monitoring Program
Northwest Indian FisheriesCommission
6730 Martin Way East
Olympia, WA 98516
Phone: (360)-438-1180
Fax: (360)-753-8659
| nternet: www.nwifc.wa.gov
Cost: No charge

Abstract: A standard method for establishing stable
reference point Stesfor monitoring stream segments
over time. Referencepointsare established at
regular intervalsaong aprevioudy defined stream
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segment and monumented to be easily rel ocated.
Stream parameterscollected during thissurvey
include: 1) segment length; 2) bankfull width; 3)
bankfull depth; 4) canopy closure; and 5) optional
reference photographs.

Themanud isdividedinto pre-survey
preparation, field methods, post-field documenta-
tion, and datamanagement sections. Anextensive
appendix section includesasurvey task checklist
copy master, amateria sand equipment sourcelist,
field form copy masters, examples of completed
fieldforms, adatareport example, and aglossary of
terms.

Target Application: Management & Research

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel
Training Recommended: Yes

Available? Not at thistime.

M onitoring Focus. Reference point establishment
for monitoring stream segmentsover time. Stream
parametersinclude:

1) segment length;

2) bankfull width;

3) bankfull depth;

4) canopy closure;

5) optiona reference photographs.

Geographic Scale: Basin, sub-basin, stream reach,
project sSite

Methods: Office& Field
L evel of Data Quality: Level 3

Equipment and Tools(list): Appendix B and D of
the document

Data Forms. Appendix A of thedocument

Examplesof Filled-in Data Forms. Appendix E
of the document

K ey References: Page 30 of the document



Document No.: 7

TFW Method Manual for Wadable
Stream Discharge M easurement

Citation: Pleus, A. E. 1999. TFW Monitoring
Program method manual for wadable stream
discharge measurement. Prepared for the Washing
ton State Dept. of Natural Resourcesunder the
Timber, Fish, and Wildlife Agreement. TFW-AM9
99-009. DNR #111. June. 13 pp.
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Sour ce: TFW Monitoring Program
Northwest Indian FisheriesCommisson
6730 Martin Way East
Olympia, WA 98516
Phone: (360)-438-1180
Fax: (360)-753-8659
I nternet: www.nwifc.wa.gov
Cost: No charge

Abstract: A standard method for the assessment and
monitoring of stream dischargeonwadablestreams.

The TFW method followsthe USGS protocols(Rantz
and others, 1982) with minor modificationsfor smaller

61

stream systems. Discharge measurementsare
required for the TFW Habitat Unit Survey (Docu-
ment No. 2) and L arge Woody Debris Surveys
(Document No. 1) and when conducting portions
of the Spawning Habitat Availability (Document
No. 5) and Stream Temperature Surveys (Docu-
ment No. 8).

Themanud isdividedinto pre-survey
preparation, methods, post-survey documentation,
and datamanagement, and reference sections. An
appendix section includes copy mastersof field
forms, examplesof completed field forms, astan-
dardfield and vehiclegear checklist, and USGS
proceduresfor float and volumetric discharge
measurements.

Target Application: Management & Research

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

Training Recommended: Yes
Available? Not at thistime.

Monitoring Focus. The purpose of the WSDM
method isto:

1) Determinedischargeat thetime of themonitor-
ing survey; and/or
2) Determineappropriateflowsfor repeat surveys.

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Office& Field
L evel of Data Quality: Level 3

Equipment and Tools(list): Appendix C of the
document

Data Forms. Appendix A of thedocument

Examplesof Filled-in Data Forms. Appendix B
of the document

K ey References: Page 12 of the document



Document No.: 8

Timber-Fish-Wildlife (TFW) Method
Manual for the Stream
Temperature Survey

Citation: Pleus, A. E. 1999. TFW Monitoring
Program method manual for the stream temperature
survey. Prepared for the Washington State
Department of Natural Resourcesunder the
Timber, Fish, and Wildlife Agreement. TFW-AM9
99-005. DNR #107. June. 35 pp.
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Sour ce: TFW Monitoring Program
Northwest Indian FisheriesCommisson
6730 Martin Way East
Olympia, WA 98516
Phone: (360)-438-1180
Fax: (360)-753-8659
| nternet: www.nwifc.wa.gov

Abstract: A standard method for the assessment
and monitoring of stream temperature and thermal
reach characteristics. The TEMP survey providesa
standard method for conducting annual maximum
temperature monitoring studiesto accomplisha
variety of objectives, including assessment and
monitoring of water temperature changesassociated
withland management activities, characterization
and monitoring of stream reachesof specia interest
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duetotheir importancefor salmonid habitat or
water quality, or characterization of temperature
regimesthroughout awatershed.

Themonitoring gpproachinvolvescollection
of water temperature dataat temperature stations,
and optional characterization of channel andriparian
conditionsintherma reachesimmediately upstream
of thetemperature stationstoidentify factors
affecting water temperature. Procedurescover the
useof datalogger and maximum/minimum tempera
tureinstrumentsfor collecting water temperature
data. Water temperaturedataareanayzedinthe
TFW Monitoring Program database and reportsare
generated that characterizethetemperatureregime
for each temperature station on adaily, weekly,
monthly and project basis. Caseswherewater
quality standards have been exceeded areidentified.
Additiona information can becollected on factors
that affect the maximumwater temperatureregime,
including air temperature, canopy closure (shade),
reach, €l evation, stream width and depth, gradient,
channel morphol ogy and groundwater inflow.

Themanud isdivided into study design,
pre-survey preparation, survey methods, post-
survey documentation, and datamanagement and
reference sections

Target Application: Management & Research

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

Training Recommended: Yes
Available? Not at thistime.

M onitoring Focus. Stream temperature: maximum
and changesover time. Includesmaximum and
minimum water temperaturesand air temperatures.

Geogr aphic Scale: All scales

Methods: Office& Field

L evel of Data Quality: Level 3

Equipment and Tools(list): Appendix C

Data Forms. Appendix A of thedocument
Examplesof Filled-in Data Forms:. Appendix B
Key References: Page 33 of the document



Document No.: 9

Timber-Fish-Wildlife (TFW)
Method M anual for Stream
Segment | dentification

Citation: Pleus, A. E., D. Schuett-Hames. 1998.
TFW Monitoring Program method manual for
stream segment identification. Preparedfor the)
Washington State Dept. of Natural Resourcesunder
the Timber, Fish, and Wildlife Agreement. TFW
AM9-98-001. DNR #103. 39 pp.
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Sour ce: TFW Monitoring Program
Northwest Indian FisheriesCommisson
6730 Martin Way East
Olympia, WA 98516
Phone: (360)-438-1180
Fax: (360)-753-8659
| nternet: www.nwifc.wa.gov
Cost: No charge

Abdract: A gandard method for systemdticaly
identifying sream segmentsonthebasin of channdl
morphology and floodplain characteridics. These
segmentsareused asthebasi cframework for design-
ing monitoring study plansand conducting monitoring
surveysfor the TFW Monitoring Program, Watershed
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Andyss, and the Sdmon and Stee head Habitat
Inventory and A ssessment (SSHIAP) process.

The primary stream segment characteristics
are: 1) stream order/relativebasindrainage area; 2)
channel gradient; and 3) channel confinement. The
manual providesbas c segmenting techniqueswith
clear, step-by-step explanations and exampl esthat
illustrate the appli cation of the methodsin various
Sream Stuations.

Themanud isdividedinto office methods,
field verification, post-field documentation, and data
management sections. A sub-segmenting processis
included to provideflexibility to addressthe specific
needsof individua studiesand asalinkageto other
stream classfication systems.

Target Application: Management & Research

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

Training Recommended: Yes
Available? Not at thistime.

Monitoring Focus. The products produced
by thismethod include:

. A stream system or watershed map
delineating stream segmentsbased on
stream/drainagebasin

. sze, gradient, and confinement;

. Segment boundary locationinformation;

. Segment characteristicinformation based
onmaps

. andfiddverification.

Geogr aphic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Office& Field
L evel of Data Quality: Level 3

Equipment and Tools(list): AppendicesA and J
of the document

Data Forms: AppendicesB, C, G of thedocument

Examplesof Filled-in Data Forms. Appendix E
of the document

Key References: Page 38 of the document



Document No.: 10

Timber-Fish-Wildlife (TFW)
Effectiveness Monitoring and
Evaluation Program Riparian Stand

Survey

Citation: Smith, D. 1998. TFW effectiveness
monitoring and evaluation program: riparian
stand survey. Final draft. 9 pagesplus appendices.
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Source: TFW Monitoring Program
Northwest Indian FisheriesCommisson
6730 MartinWay E
Olympia, WA 98516
Phone: (360) 438-1180
Fax: (360) 753-8659
Internet: http://nwifc/ TEW

Abstract: Thisprotocol providesasampling
method to monitor riparian stand conditionsand
stream channel characteristicsonasitescale. The
methodstrack changesin stand density, composition,
diameter and height, and rel ate those parametersto
riparian buffer condition and the potentia recruitment
of largewoody debristo the stream channel.
Thissampling method may beused to
eva uatethe effectivenessof riparianforest practices
inproviding largewoody debris(LWD) to stream
channelsaswell asto quantify ratesand processes
related to LWD recruitment and functionin order to
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improvetheinterpretation of monitoring resultsand
Survey reaches may be delineated with one of two
methods, depending on the objectives of themoni-
toring projects. To evaluatethe effectiveness of
forest practices, sampling takes placewithin survey
reaches defined by the harvest boundariesat each
site. To assessspecific stand or channel types,
sampling occursin survey reachesdefined by
riparian stand and stream channel characteristicsof
interest.

Procedure descriptionsinclude sections
pertaningto:
= necessary equipment
= gtesdection
= sampling Strategy
= sampling plots
= standingtrees
= downed wood
= stand regeneration
= stand height and age
= channel characterigtics

Appendicesto thisdocument providea
coding systemfor coniferousand deciduoustree
species, ingtructionsfor measurement of treediam-
eter and height, and copiesof field formsneeded for
thesurvey. Threelevelsof related protocolswere
developed by cooperatorsto answer questions
about the successand failures of riparian revegeta
tion projects.

Variablesof falureinclude:
= Site preparation
= il type
= rodent, deer, and beaver activity
= treespeciesand size
= competitionfrominvasiveplant species

Riparian Vegetation L evel | Monitoring Protocol:
Established to determinewhat sitesarein need of
immediate action. Thisprotocol providesno dataof
theoveral effectivenessof arestoration project.
Includesadataform.

Riparian Vegetation L evel 11 Monitoring Protocols
(2 protocals). Thetwo protocol s designed to
measure the height, health and/or mortality of plants,
requiring different investmentsof timeFormspro-
videdinclude: Dataforms, “How-to” guides, anda
formfor noting thelocation of benchmarks.




Level 1l a(Nooksack Salmon Enhancement Associa:
tion): Thismethod samplestheentiresiteand
producesthemost comprehensivedataset. Itismost
gopropriatefor monitoringsmal restorationStes.

Level 11 b (Skagit Fisheries Enhancement Group):
Thismethod uses plotsto sampleaportion of thesite
no lessthan 5% of thetotal area. Themethodis
appropriatefor larger restoration projects, and
providesinformation on soil, Sitecharacteristics, and
shadeavailability.

Riparian Vegetation L eve 111 Monitoring Protocols:
Two additiona protocol sdevel oped to be consstent
and repestableover time, and specificadly focused on
the success of riparian restoration projects.

Level 111 a- Riparian Zone Restoration Protocol
(Lummi Natural Resources): Thismethodology
tracksthe growth and survival of young plantsandis
recommended for projectsinvolving planting and
revegetation such asriparian restoration projects
wherethegoal isto replant native species, decrease
understory competition, minimizebrowsing and
grazing effects.

Leve Il b—Riparian Buffer Establishment Protocol
(Lummi Natural Resources): A method devel oped
and recommended for projectsthat restoreriparian
areasgrazed by livestock.

(Level 111 cisProtocol # 10 outlined above).

Target Application: Management & Research

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

Training Required: Yes

Available? Yes
Where? Peoplefor Salmon

P.O. Box 1106

North Bend, WA 98045

Phone: 425-831-2426

FAX: 425-961-2100 x 3221

E-mall: info@peopleforsdmon.org
Internet: http://mwww.peopl ef orsalmon.org/

Seealso: Lummi Natural ResourcesRiparian Zone
Restoration Project. University of Washington
Center for Streamsde Studiesat: http://
deptswashington.edu/cssuw/Research/L ummi/
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lumihm

or:
Skagit FisheriesEnhancement Group
Monitoring Programs
PO Box 2497
Mount Vernon, WA 98273
www.skagitfisheries.org

M onitoring Focus: Method(s) to monitor riparian
stand conditionsand stream channel characteristics
on asitescae. Can beused to evaluatethe effective-
nessin providing LWD to stream channelsor rates of
recruitment over time.

Geographic Scale: Project site

Methods. Office& Field

L evel of DataQuality: Level 1,2, 0r 3

Equipment and Tools(list): Providedinthe
document

Data Forms. Provided inthe document
Examplesof Filled-in Data Forms. Not provided

Key References:
Smith and Schuett-Hames, 1998. LWD Recruitment Sudy
Design Guidelines.

TFW Large Woody DebrisSurvey  (Protocol # 1)
TFW Reference Point Survey (Protocol # 6)




Document No.: 11

Stream Channel Reference Sites: An
Illustrated Guide to Field Techniques

Citation: Harrelson, C. C, Rawlins, C.L. and
Potyondy, J. P.1994. Stream channel reference
stes: anillustrated guidetofield technique. Gen.
Tech. Rep. RM-245. Fort Collins, CO. U.S.
Department of Agriculture, Forest Service, Rocky
Mountain Forest and Range Experiment Station. 61

pp.

Stream Channel
Heference Sites:

A IMustraded Gusde lo
Field Techndque

Sour ce: USDA Forest Service
Rocky Mountain Forest and Range
Experimental Station
40 West Prospect Road
Fort Collins, CO 80526-2098
Phone (970)-498-1100
Internet: http://stream.rd .psw.fs.fed.us.80/
streamnt/oct99/0ct99.a3.htm

Abstract: Thisdocumentisaguideto establishing
permanent referencesitesfor gathering abasic
minimum set of dataabout theexisting physica
characteristicsof streamsandrivers. Developed by
hydrologists, it presentstechniquesfrom avariety of
published sourcesinasingle compact fiedld manudl.
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Itisrecommended for entry-level hydrologists,
biologists, and othersdirectly responsiblefor
managing streamsandriparianareas. Theminimum
procedure consistsof thefollowing:

1) selectaste

2) mapthesteandlocation

3) measurethechanne cross-section

4) survey alongitudina profileof thechannd
5) measurestreamflow

6) measurebed materia

7) filetheinformation

Theguideincludesingtructioninbasic
surveying techniques, providesguiddinesfor identi-
fying bankfull indicatorsand measuring other impor-
tant stream characteristics. With abaselinefounda
tion, changesin the character of streamscan be
quantified for monitoring purposesor to support
other management decisions.

Target Application: Management

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

M onitoring Focus: Basdlineinformationfor
existing physica conditionsof stream channels.
Parametersinclude: 1) cross section measurement,
2) longitudina profile measurement, 3) bed and
bank characterization, and 4) discharge measurement.
Stream classification systemsare presented, based
primarily on Rosgen (1994). Good instructionson
mapping techniques and survey basicsareincluded.
Note: The section onindicatorsof bankfull stageis
developed for theinterior western states.

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Office& Field
Level of DataQuality: Level 2& 3

Equipment and Tools(list): See Equipment List
for Instream and Upland Protocols

DataForms. Not provided

Examplesof Filled-in Data Forms:. Page54 of
the document

K ey References: Page 55 of the document



Document No.: 12

Physical Habitat, Water Chemistry,
M acroinvertebrates, and
Aquatic Invertebrates

Citation: Oregon Department of Environmental
Quiality. 1999. Field methods—Regiona environ-
mental monitoring and assessment program: physica
habitat, water chemistry, macroinvertebrates,
aguaticinsects, Version 2.5. Oregon Department of
Environmental Quality, Laboratory Divison, Bio-
logical Monitoring Section, Portland, OR.

Field Crew Training
Materials
June 2001

Sour ce: Oregon Department of Environmental
Quadlity Laboratory Divison
Biologica Monitoring Section
2020 SW Fourth Avenue, Suite 400
Portland, OR 97201
Phone: (503) 229-5983
Fax: (503) 229-6924
Internet: http://www.deq.state.or.us

Abstract: Thismanual containsthefield procedures
used by the Oregon Department of Environmental
Qudity (DEQ) for monitoring streamsas part of the
Regiona Environmenta Monitoring and Assessment
Program. ThisisaUnited StatesEnvironmental
Protection Agency (USEPA) sponsored program.
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The purpose of thismonitoringisto document the
current status, changes, and trends of aquatic natural
resourcesinthe Western Cascades, Ecoregions4a
and 4b. The protocolshavefivemain parts:

Aquatic vertebrate assemblage survey that
includesthe number, length, and hedlth
Meacroinvertebrate sampling to evaluate
biologicd integrity

Periphyton assessment

Habitat qudity evaluation

Chemica water quality measurements

These protocolshave evolved fromthe Environ-
mental Protection Agency’sEnvironmental Monitor-
ing and Assessment Program (EMAP) protocol s of
June 1997. DEQ has conducted EPA funded
Regiona EMAP studiessince 1994, including three
yearsinthe Coast Range (1994-1996) and two
yearsinthe Upper DeschutesRiver Basin (1997-
1998).

Target Application: Management & Research
Suitablefor Volunteers: No

Monitoring Focus. The current status, changes,
and trends of aguatic natural resourcesinthe
Western Cascades, Ecoregions4aand 4b. The
protocol focuseson thefollowing:

. Biomonitoring Macroinvertebrates

. Macrohabitat Classfication

. Water Chemistry

Geographic Scale: Basin, sub-basin, stream reach,
and project Site.

Methods: Field & Laboratory
Level of DataQuality: Levels3& 4

Equipment and Tools(list): Identified per proto-
col

Data Forms: http://waterquality.deg.state.or.uswa/
303dlist/DataRptFormat.htm

Examplesof Filled-in Data Forms. http:/
waterquality.deg.state.or.us'wag/303dlist/
gappexample.ntm

K ey References: Section 5.7 of thedocument lists
Taxonomic References



Document No.: 13

Sensitive Habitat | nventory and
M apping: Aquatic and Riparian
Habitat Mapping

Citation: Mason, B.C. and R. Knight. In prepara-
tion Sengitive Habitat Inventory and Mapping:
Aquatic and Riparian Habitat M apping Procedures
for Communitiesin B.C. Module4 —Crossections
and Riparian Areas. Module 8 — Impervious Sur-
facesBC Ministry of Fisheriesand BC Ministry of
Environment, Landsand Parks. Victoria, B.C.

Y on ridininiH=ahitat
Yénsitiveinapitat
Inventory Methodology

Sour ce: Habitat Inventory Coordinator
Information Management Unit
Habitat and Enhancement Branch
Department of Fisheries& Oceans
360 555 West Hastings Strest,
Vancouver, B.C. Canada V6B 5G3
[ nternet: www.shim.bc.ca
Contact: Brad Mason
Phone: (604)-666-7015
Fax: (604)-666-0417
E-mail: masonb@dfo-mpo.gc.ca

Abstract: Methodsincorporating TFW monitoring
methodsfor standardized fish, habitat and riparian
basdlineinventoriesin urban and rura watersheds.
Objectiveistoidentify, inventory, and map al water,
fish presence, riparian habitat, sengitive habitats, and
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important features. Includesfield surveyingand
majppi ng techniquesto allow datato beincorpo-
rated into aprovincia multi-agency GISsystem.
Included isamethod for measuring imperviousness,
used asanindicator of cumulativewater resource
impacts. Basic Gl Sskillsand equipment (ArcView)
areassumed. Themethodsdo not addressissues
related to eval uating restoration and enhancement
potential. ThesemethodsarebeingusedinB.C. s
interim procdedureswhileastandard is devel oped
through the Resource I nventory Committee, amulti-
discipline, multi-agency committeeof inventory
oecidids.

Target Application: Management & Research

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

TrainingRequired: Yes

Available? Yes,

Wher e? Being developed
Note: A basic understanding of stream ecology and
ecologica principlesare recommended. For the
aquatic and riparian modulesrecommended by the
authorsand agenciesare: B.C. —based RIC train-
ing, certificationin Globa Postioning Systemsuse,
fish habitat field procedures and datacompilation.

M onitoring Focus: Fish, habitat andriparian
basdineinventoriesinurbanand rural watersheds.
Objectiveistoidentify, inventory,and mapal weter,
fish presence, riparian habitat, senstive habitats, and
other important festures. Includesanimpervious
surfacemodule, methodsto monitor gravel compos-
tion, gravel scour, and photodocumentation techniques.

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Office& Field
Leve of DataQuality: Leve 3, potentidly Leve 4

Equipment and Tools(list): Includedin each
module

Data Forms: No, however, datadictionary is
provided inthedocument.

Examplesof Filled-in Data For ms: Not provided

Key references: Provided in the document



Document No.: 14

Stream Inventory Handbook:
Level | & Il

Citation: USDA Forest Service, 2000. Version
2.0. Stream Inventory Handbook: Level | & I1.
USDA Forest Service, Pacific Northwest Region.
Portland. OR. 84 pp.

e Stream Inun'rﬂ
. Level L & II
Appendix Reference in Text

mm 2.0

Sour ce: USDA Forest Service
Pacific Northwest Regiona Office
PO Box 3623
Portland, OR 97208
Contact: Deborah Konnoff, Fish Habitat
Relationship Coordinator
Phone: (503)-808-2676
Fax: (503)-808-2973
Internet: http://www.fs.fed.usrl
E-mail: dkonnoff @fsfed.us

Abstract: Theleve | and Il inventoriescontain data
attributesthat wereidentified by aninteragency
interdisciplinary team asthemost critical for defining
steam channel, riparian vegetation, and aquatic
resource condition (based on physical characteris-
tics). Theprotocol seeksto provideastatistically
defensblemethod for eval uating and minimizing the
observer bias. Quantitative measuresfor

streamflow; bankfull channel dimensions, bank
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instability, and substrate areintended to reduce
surveyor biasand sampling error. Leve | isa
prerequisitefor Leve 11, andisintended tofamiliar-
izeuserswiththe historical useand natura history of
thelandscapedrained by theinventoried stream.
Formsareprovided for the delineation of prelimi-
nary stream reachesandto create afield map,
whichincludesaccesspointsfor thefield inventory.

Leve Il utilizesfield dataand supplied
formsto gather and catalog information onthe
stream physicd attributes. Additiona formscataog
dataon fish and amphibians, stream discharge, and
streambed substrateinriffles. Thestream classifica-
tionisbased on Rosgen.

Regiona differencesareincorporated to
somedegree. Two rangesof sizecharacterization
of Large Woody Debrisare provided for forests
east and west of the Cascade Mountainsin Wash-
ington. Theaverage cost to the Forest Service
completethe survey is$1,000 per mile.

The Stream Inventory Handbook isupdated
annudly.

Tar get Application: Management

Suitablefor Volunteers: Yes, if supervised by
experienced personnel

Training Required: Yes
Available? No

Monitoring Focus. The protocol identifiescore
attributes necessary to evaluatethe condition of a
stream. It contains methodsfor monitoring stream
habitat conditions(flow, water quality, historical land
use, valey-channel parameters, streambed sub-
strate, flood-prone dimensions, and riparian habitat
dimensions).

Geographic Scale: Basin & sub-basin.

Methods: Office& Field

L evel of Data Quality: Level 3

Equipment and Tools(list): Seelnstream and
Water Qudity Equipment Lists

DataForms: Provided
Examplesof Filled-in Data Forms. Not provided
K ey References: Page 64 of the document



Document No.: 15

Water shed Inventory and Stream
Monitoring Methods

Citation: Murdoch, Tomand M. Cheo. 1999.
The streamkeeper’sfield guide: watershed
inventory and stream monitoring methods. Adopt
a-Stream Foundation. ISBN: 0-9652109-0-1

StreamKeeper's
Field Guide

e S o
| - B, :_..:I"r-_'-.' TR =
B T B, S L

Sour ce: Adopt-a Stream Foundation
600 — 128" Street SE
Everett, WA 98208
Phone: (425)-316-8592
Fax: (425)-338-1423
E-mall: aasf @streamkeeper.org
I nternet: www.streamkeeper.org
Cost:  $29.95+ shipping and handling;
discounts of 40% for 25+ copies

Abstract: Thisvolunteer-friendly guidebook
providesbackground information on how streams

and their surrounding watershedsfunction, detailed
methods on watershed inventory and stream moni-

toring for volunteers, tipson presenting data, and
stories about Streamkeepers putting watershed

inventory and stream monitoring informationto use
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intheprotection and restoration of our nation’s
streams. |ncludesinstructionson constructing equip-
ment: stadiarodsand collecting netsamong others.

Whilethetarget audienceisvolunteers, this
guideisagreat overview for resource managers, as
well.

Target Application: Genera
Suitablefor Volunteers: Yes

Training Required: No
Available? Yes
Where? Adopt-a-Stream Foundation
600 — 128" Street SE
Everett, WA 98208
Phone: (425)-316-859
Fax: (425)-338-1423
E-mail: aasf @streamkeeper.org

M onitoring Focus: Volunteer monitoring protocols
for mapping methodsand physical inventoriesinclud-
ing cross sections, stream bottom, and flow. Stream
reach surveysof fish, wildlife, macroinvertebrates,
vegetation, canopy, gradient, Snuosity, crosssection
and stream banks, habitat, human alterations, and
land use. Surveysof water quality include pH,
dissolved oxygen, temperature, and other chemical
parameters.

Geogr aphic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Office& Field & Laboratory
Level of Data Quality: Levels1& 2, possibly 3

Equipment and Tools(list): Appendix D of
protocol (Sources); Listsby chapter throughout the
document

Data Forms. Appendix C of thedocument
Examplesof Filled-in DataForms: Not provided
K ey References: Provided in the document




Document No.: 16

Streamkeeper s of Clallam County
Volunteer Handbook

Citation: Baccus, J. T., E. A. Chadd. 2000.
Cldlam County Department of Community
Development, Natural ResourcesDivision. Second
Edition.

= |
treamkeepers
of Clallam County

VOLUNTEER
() HANDBOOK

April 2001

Clallam County
Department of Community Development
223 East 4th Street
Port Angeles, WA 98362
(360) 417-2281
streamkeepers@co.clallam.wa.us

Sour ce: Cldlam County Department of Community
Devdopment. Natural ResourcesDivision
223 East Fourth Street
Port Angeles, WA 98362
Phone (360)-417-2281
E-mail: streamkeepers@co.clalam.waus
Cost: No Charge

Abstract: Streamkeepersof Clalam County
providesasuite of monitoring protocol sand abody
of trained datacollectorsto document the baseline,
ambient, physicd, chemicd and biologica condi-
tionsof surfacewater streamsin Clalam County on
aquarterly basis. Theprogram’sobjectiveisto
providethisdatato assist in watershed and restora-
tion planning adaptive management, and citizen
involvement. Theprotocolsarea so appliedto
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tracking the success of stream restoration and
enhancement projectsinitiated by other entities.
Severa protocolsare modified from TRW methods
(flow, pools, LWD, and canopy closure). Over 20
additiond protocolsare performed using smplified
methodsto reducethe monitoring effort while
maintai ning meaningful andreliabledata.

Protocolsinclude: Reach map, compass
use, fishand wildlifesgns, flow, gradient, establish-
INg Cross Section monuments, cross section survey,
photos, largewoody debris, erosion/revetment
survey, pool survey, pebble count, canopy closure
(singlepoint), canopy type percentages (reach-
wide), conifer stem count, water chemistry, benthic
macroinvertebrates, noxiousweeds, and grab
sampling for bacteriaand nitrates.

The program currently hasover 50 volun-
teersmonitoring 13 streamson aquarterly basis,
plusanumber of other special monitoring projects.
A volunteer canlearn theentire suite of protocols
during a24-hour training, and then performinthe
field with ateam of three or four in 1 to 3 hours per
Ste depending on the monitoring season.

Target Application: Generd
Suitablefor Volunteers: Yes, withtraining

TrainingRequired: Yes
Available? Yes
Wher e? Clalam County Department of
Community Development, Streamkeepers
Program (address above)

M onitoring Focus: Guidancefor volunteer teams
monitoring streamsand restoration projectsin
Clalam County tracking habitat, water quality,

biota, and project performance over time. Protocols
have been adapted from EPA, Timber/Fish/Wildlife,
University of Washington Center for Urban Water
Resources M anagement, SalmonWeb, Adopt-A-
Stream Foundation, and other sources. Provides
detailed guidanceindl protocols, including basic
fidld skillsand dataentry.

Protocolsinclude:

e channd andriparian condition (gradient,
crosssection, substrate, pools, large woody
debris(LWD), canopy closure, canopy
type, conifer stems, erosion, revetment)



water chemistry (temperature, dissolved
oxygen, conductivity, pH, nitrate-nitrogen,
turbidity)

flow

fishandwildlife

benthic macroinvertebrates
noxiousweeds

grab sampling for feca coliform, E. coli,
and nitrates

reach establishment, mapping, and cross
Section monumenting

photo-point photographs

riparian condition

Streamwalk rapid bio-assessment

Geographic Scale: Stream reach, project site
Methods: Office& Field& Laboratory

Level of DataQuality: Quality assuranceand
controlsproceduresarein place. Department of
Ecology freshwater monitoring dataquality levels1
to 4 described for each activity.

Equipment and Tools(list):

See Equipment Listsby protocol:

Reach Map FP-7; Fish Use FP-17; Flow FP-19;
Gradient FP-25; Cross Section Monuments FP-27;
Cross Section Survey FP-31; PhotosFP 35; Large
Woody Debris FP-39; Eros on/Revetment FP-41,
Pools FP-43; Pebble Count FP-45; Canopy
Closure FP-47; Water Chemistry FP-53; Benthic
Macroinvertebrates FP-61; Noxious Weeds FP 67,
Bacteriaand Nitrates FP-69.

Data Forms: Included for each protocol

Examplesof Filled-in Data Forms: Provided for
each protocol

K ey References. Appendix E of the document
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Document No.: 17

Volunteer Stream Monitoring: A
M ethods M anual

Citation: Dohner, E. etal. 1997. Volunteer
stream monitoring: amethodsmanual. U.S.
Environmenta Protection Agency Officeof Water.
EPA 841-B-97-003. November. 211 pp.

& EPA Valunieer Stream Monitoring:
& Methods Manual

Sour ce: U.S. Environmenta Protection Agency

Officeof Wetlands, Oceans, and Watersheds

Volunteer Monitoring (4503F)
401 M Street, SW
Washington, DC 20460
I nternet: http://Awww.epa.gov/owow/moni
toring/val.html
Copiescan beobtained at:
USEPA Publications
Phone: 1-800-424-4372
or in pdf format at: http://www.epa.gov/
owow/monitoring/volunteer/streamy

Abstract: Thismanual presents methodsthat have
been adapted from those used by successful volun-

teer monitoring programsthroughout the United
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States, and providesvolunteerswith an integrated
approach to the design and implementation of a
stream monitoring program.

A combination of physical, chemical, and
biologica monitoring methodsare presented that are
intended to assist in the assessment of land usesina
watershed and their influence onthe health of the
aquatic system.

Chaptersinclude:

e Elementsof aStream Study: The concept of the
stream environment; information ontheleading
sourcesof pollution affecting streamsinthe
United States; ten questionsto guidethe devel -
opment of an effective stream study; and
training, safety, and equi pment considerations.

e Watershed Survey Methods. How to conduct a
watershed survey or inventory; how to conduct
abackground investigation of awatershed.

e Macroinvertebratesand Habitat: Threesurvey
methodsfor monitoring thebiology of streams;
(1) Streamwalk: asmple method that requires
littletraining or preparation (Level 1 Data
Quality); (2) Streamside Biosurvey: awidely-
used macroinvertebratethat yieldsabasic
stream rating whilemonitorsaretill at the
stream (Leve 2 DataQuality; and (3) Intensive
Streamside Biosurvey : amacroinvertebrate
sampling and advanced habitat assessment
approach that requiresprofessional and labora-
tory support by canyield dataon comparatively
subtleimpacts(Level 3 DataQuality).

o Water Quality Conditions. Summarizestech-
niquesfor monitoring ten different water quality
parameters: dissolved oxygen/biochemical
oxygen demand, temperature, pH, turbidity,
phosphorus, nitrates, total solids, conductivity,
tota akalinity, and fecal bacteria. Streamflow
measurement techniquesand basic stepsfor
collecting samplesareincluded.

e Managing and Presenting Monitoring Data:
Outlinesbasic principlesof datamanagement

e withanemphasisonquality assuranceand
quality control procedures. Discussesspread-
sheets, databases, and mapping software.

I nstructionsin each chapter walk the user
through filling out dataforms, defining andidentifying
habitat characteristics, and creating mapsand



sketchesof sites.
Tar get Application: Management

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

Training Required: Yes
Available? No

Monitoring Focus. A comprehensiveguideto
devel oping astream monitoring program. Includes
watershed survey methods, macroinvertebratesand
their substrate habitat components, water chemistry
and temperature, streamflow, physica channel
measurementsand more.

Geographic Scale: Basin, sub-basin, stream reach,
project Ste?

Methods: Office& Field & Laboratory

Level of DataQuality: Levels1, 2, and 3canbe
achieved depending onthelevel of protocols
chosentoimplement.

Wheredoesthedatago? The Environmental
Protection Agency doesnot havethe capability to
incorporate volunteer dataat thistime.

Potential datausersmight include: state, county, or
loca water quality andydts, thevolunteersthem
salves, fisheriesbiologists, universties, school teach
ers, environmental organizations, parksandrecre
ation staff; local planning and zoning agencies, sate
environmental agencies, stateand locd health
departments; soil and water conservation districts;
federa agencies.

Equipment and Tools(list): Providedinthe
document; refer to Instream Equipment List

Data For ms; Provided inthedocument

Examplesof Filled-in Data Forms: Not provided

K ey Refer ences: Provided inthe document at the
end of each chapter.

74



Document No.: 18

Sampling Protocol for the Benthic
Index of Biotic Integrity (B-1BI)

Citation: Karr, J. R., and W. Chu. 1999. Sampling
Protocol for the Benthic Index of Biotic Integrity
(B-IBI). Restoring Lifein Running Waters: Better
Biological Monitoring. Idand Press Washington DC.

Sour ce: SAmonweb
Puget Sound Plaza
1325 4" Ave., Suite 1820
Sedttle, WA 98101-2509
Phone (206)-297-7918
Contact: Cici Kelling, ScienceDirector
Email: cici @cbr.washington.edu

I nternet: www.salmonweb.org

Cost: No Charge
Availablein pdf format at: http:/
www.salmonweb.org/index.html

Abstract: Thesampling protocol for the benthic
index of bioticintegrity isastandard method used to
obtainaquantitative sampleof benthic
macroinvertebrates. The collected samplecanbe
used to assess stream condition using abenthic
index of bioticintegrity (B-1BI). Thesampling
protocol and anoverview of B-IBl anadysisare
includedinthesematerias. The sampling protocol
may be used in wadeable streams, inarifflerepre-
sentative of the stream reach. A surber sampler is
usedtotakethreereplicatesfromasingleriffle. The
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replicatesare not composited, but archived sepa
rately.

Becausethe protocol isdesigned to
investigate changesfromyear to year, sampling
occursonceayear. A fall sampling season, from
mid-August to mid-October, alowsmonitorsto
samplewhen stream level sareat their lowest and
before most salmon runs occur. Salmonweb recom-
mendsthat samplesbe sent to professiona labora
toriesfor identification.

Indicesof bioticintegrity may beused for
analysisof biological condition. Theseindicesare
developed for specific geographic areasand for
gpecific sampling methodologies. Anindex of biotic
integrity (IBI) isasynthesisof diversebiological
information that numerically depictsassociations
between human influenceand biological attributes.
(Karr, 1998). It iscomposed of severa biological
attributesor ‘metrics' that are sensitiveto changesin
biologica integrity caused by human activities. The
multi-metric (acompilation of metrics) approach
compareswhat isfound at amonitoring Siteto what
isexpected using aregiona basdine condition that
reflectslittle or no human impact (Karr and Chu,
1999).

Thebenthicindex of bioticintegrity (B-1BI)
has been calibrated for datacollected using the
sampling protocol from streamslower inelevation
than 3,000 feet in northwest Washington. Other
indicesof bioticintegrity arebeing developed for
other regionsinthe Pacific Northwest.

Thesampling protocol for thebenthicindex of
bioticintegrity and B-1BI andysshavebeenusedto
examineand underdand theeffectsof logging, recre-
ation, point and non-point sourcepollution, agriculture,
andthecumulativeeffectsof many formsof human
activity (Karr and Chu 1999, Karr 1998). A rapid
decreaseintherdativeabundanceof cohosaimon (as
compared with cutthroat trout) young of theyear was
dsoreflected by adedlinein B-1BI whenlimitedfish
datafrom Puget Sound lowland streeamswasexamined
(May etd. 1997). B-1BI isused to monitor changesin
sreamsencroached upon by urban devel opment (Fore
1999, Karr and Chu 1999, Karr 1998) and restora-
tionprojects(Morley 2000). Thesampling protocol
and B-IBI areused by Seettle Metro, Seattle Public
Utilities, Citiesof Bellevue, ssaquah, and Kent; and



Kitsap, Pierce, Snohomish, and Thurston Counties
for management and permitting purposes, and are
used by academicingtitutionsfor research.

Samonweb trainsvolunteersin thesampling
protocol and assistswith B-1BI datascoring and
andysis. Rigoroudy trained citizen volunteerscan
collect reliable datathat are comparableto data
collected by professionals(Foreet. a. in press).
Volunteersmay devel op their own monitoring
projectsor participatein Samonweb monitoring
projects.

Target Application: General & Management &
Research

Suitablefor Volunteers. Yes, withtraining

TrainingRequired: Yes
Available? Yes
W her €? Salmonweb workshops,
Information availableat:
www.salmonweb.org

Monitoring Focus. A standard method for benthic
macroinvertebrate sampling and analysisto assess
thebiological condition of streamsand monitor
changestobiological condition of streamsover time.
May be used for gathering baselineinformation.

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods. Field
L evel of Data Quality: Levels3& 4

Equipment and Tools(list): Listed onwebsite;
Refer to Water Quaity Equipment List

Data Forms; Provided in the document

Examplesof Filled-in Data Forms:. Providedin
the document

Key References:

Fore, L.S., J.R. Karr, RW. Wisseman. 1996. Assessing
invertebrate responses to human activities: evaluating
alternative approaches. Journal of the North American
Benthological Society 15: 212-231.

Fore, L. S. 1999. Measuring the Effects of Urbanization on
Bellevue Streams. Final Report to City of Bellevue.

Fore, L. S., K. Paulsen, & K. O’ Laughlin. (In press)
Assessing the performance of volunteers in monitoring
streams. Freshwater Biology.

Karr, J. R. 1998. Riversas sentinds. using the biology of
riversto guide landscape management. River Ecology and
Management: L essonsfrom the Pacific Coastal Ecosystem
(eds.R. J NamanandR. E. Bilby), pp. 502-528. Springer, NY.

Karr, J. R. 1999. Defining and measuring river health.
Freshwater Biology, 41, 221-234.

Karr, J. R. and E. W. Chu. 1999. Restoring Life In Running
Waters:. Better Biological Monitoring. Island Press,
Washington, DC.

Karr, J. R. and E. W. Chu. 2000. Sustaining living rivers.
Hydrobiologia 422/423; 1-14.

May, CW., R.R. Horner, JR. Karr, B.W. Mar & E.B. Welch.
1997. Effectsof urbanization on small streamsin the Puget
Sound lowland ecoregion. Watershed Protection Tech-
niques 2:483-494.

Morley, S.A. 2000. Effects of urbanization on the biological
integrity of Puget Sound lowland streams. Restoration with
abiological focus, Washington, USA. Thesis, University
of Washington, Seattle, WA.

Simon, T. P, editor. 1999. Assessing the Sustainability and
Biological Integrity of Water Resources Using Fish
Communities. BocaRaton, FL, CRC Press.

76

- - [N i
HA T " :_._ TR - e o e
.-e'f.g;‘_gf‘_-_..-.._:wa ._,-._.a:.m.:_...;—



Document No.: 19

Rapid Bioassessment Protocols for
usein Streams and Rivers,
Periphyton, Benthic
M acroinvertebrates and Fish

Citation: Barbour, M.T, J. Gerritsen, B.D. Snyder,
and J.B. Stribling. 1999. Rapid bioassessment
protocolsfor usein streamsand rivers: periphyton,
benthic macroinvertebratesand fish. Second
Edition. EPA 841-B-99-002. USEnvironmental
Protection Agency, Officeof Water; Washington D.C.
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Sour ce: United States Environmental Protection
Agency Office of Water
401 M Street, NW
Washington, DC 20460
Project Officer: ChrisFaulkner
Internet: hitp://mww.epagov/OWOW/
monitoring/techmon.html

Abstract: Theseprotocolsadvocateanintegrated
assessment, comparing habitat (e.g., physica structure,
flow regime), water qudity andbiologica measures
withreferenceconditions(viaactud referencedites,
historicd data, and/or modding or extrgpolation). Each
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section hasinformationonarangeof monitoring
parameters, monitoring methods, and different
monitoring equipment.

Target Application: Management & Research

Suitablefor Volunteers: Yes, if supervised by
experienced personnel

Training Required: Yes
Available? No

Monitoring Focus. Manud providing detailed
methodsfor biological assessments (algee, fish, and
macroinvertebrates) of surfacewatersto evaluate
waterbody condition. Themanual incorporates
methodol ogiesutilizing the Index of Biotic Integrity
(IBI), developed in several statesinthe eastern and
Midwest United States.

Thisdocument dsoincludesseverd protocols
for habitat assessment:
= physical stream characteristics,
= |largewoody debris(LWD)
= riparian vegetation

Note: Thephysical habitat assessment methods
weredeveloped in western statesthat may not
reflect conditionsin coastal Washington State, but
will have good application in other partsof Wash-
ington. Thedocument doesnot provideidentifica-
tion guidance, but includesextensiveinformation
on macroinvertebrate speciesand tolerances.

Geographic Scale: Basn, sub-basin, streamreach,
projectste

Methods: Office& Field & Laboratory
Level of DataQuality: Level 3&4

Equipment and Tools(list): Includedinthe
document; see Water Quality equipment list

DataForms. Appendix A of thedocument
Examplesof Filled-in Data Forms: Not provided

K ey Refer ences: Extensivetaxonomic references
for fish, periphyton, and macroinvertebratesare
included in each chapter of themanual. Also see:
Chapter 11: pp. 11- 1to 11- 22.



Document No.: 20

Benthic Macroinvertebrate
Biological Monitoring Protocols for
Rivers and Streams

Citation: Plotnikoff, R.W., and C. Wiseman.

2001. Benthic Macroinvertebrate Biological Moni-
toring Protocolsfor Riversand Streams. Publication
No. 01-03-028. Environmental Investigationsand

L aboratory ServicesWashington State

Department of Ecology. Olympia, WA. 27 pp.

Banthic Macroinvertebrate
Biclogical Monitoring Proatocols for
Rivers and Streams

2001 Fevision

Sour ce: Department of Ecology Publications
P.O. Box 47600
Olympia, WA 98504-7600
Phone (360)-407-7472
I nternet: http://www.ecy.wa.gov/pubs.shtm
URL.: http:/Mmww.ecy.wagov/biblio/
A113.html

Abstract: Thisdocument describesthe Washing-
ton State Department of Ecology’s Freshwater
Ambient Biological Assessment Program. Outline
withinthedocumentis:

1) thesampling design;

2) the site selection process,

3) fieddimplementation;

4) |aboratory processing of data, and
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5) analysisand interpretation of data.

Thedocument alsoincludesal of the
elementsnecessary to serve asaQuality Assurance
Project Plan (QAPP) for biologica monitoring.
Field preparationsremain cons stent with previous
work (Plotnikoff 1992; 1994; 1998. 1999,
Plotnikoff and Ehinger 1997). Relativetothe
origina protocolsdocument (Plotnikoff 1994), this
revision providesadditional detail for field opera-
tions, sub-sampling procedures, and dataanaysis
procedures.

Also seeprotocols: 57, 61, and 87

Target Application: Research

Suitablefor Volunteers: Yesif supervised by
experienced personnel

Training Required: Yes
Avaladle Yes
Where: The Xerces Society
4828 SE HawthorneBlvd
Portland OR 97215-3252
Phone: (503) 232-6639
Fax: (503) 233-6794
Genera E-mail: xerces@tel eport.com
| nternet; http://www.xerces.org/people.ntm

Monitoring Focus: In-depth technical referenceon
methodsfor “ cost-effective’ biologica assessments
(algae, macroinvertebratesand fish) of surface
watersto eval uate waterbody condition. Protocols
for habitat assessment including physical stream
characteristics, LWD, riparian vegetation, and
others. Extensiveinformation on macroinvertebrate
speciesand tolerances.

Geographic Scale: Basin, sub-basin, stream reach,
project Site.

Methods: Field & Laboratory

Level of DataQuality: Level 3& 4

Equipment and Tools(list): Appendix A
DataForms. Appendix A

Examplesof Filled-in Data Forms: Not provided
K ey Refer ences: Pages 30-34 of the document



Document No.: 21

Water Quality Monitoring: Technical
Guide Book
Citation: Oregon Planfor Salmon and Water-

sheds. 1999. Water Quality Monitoring Technical
Guide Book.

Water Quality
Monitorning " 'ﬂ';
Technical Guide Book

&
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Sour ce: Oregon Plan Monitoring Team
Oregon Department of Fisheries
Contact: Liz Dent
Phone: (503)-945-7493
Fax: (503)-945-7490
E-mail: lizf.dent@date.or.us
| nternet: hitp/Amww.oregon-planorg/
datushimi#woguide
Cost: No Charge

Abstract: Asacomponent of the Oregon Planfor
Salmon and Watersheds and the Oregon Watershed
Assessment Manual, the Guidebook providesa
standardized set of water quality monitoring meth-
odsfor useby the publicin determining the status
and trends of aguatic habitat and species. Thefirst
few chaptersprovide background information,
monitoring strategies, and waysto developa
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monitoring planincluding criteriafor selecting
monitoring Sites, dataqudity guidelines, and meth-
odsto storeand analyzewater quality data. Refer-
encesand Oregon State contactsare provided in
each chapter to obtain moredetailed information.
The subsequent chapters provide protocolsde-
signed to be stand-al onedocumentson basic
monitoring techniquesfor each:

stream temperature
dissolved oxygen
pH, conductivity
nitrogen/phosphorus concentration
turbidity
stream macroinvertebrates
pesticidesand toxic chemicals
road sediment
sediment deposition

Information on additional referencesis
includedin each chapter, aswell asestimated time
and labor requirements per technique, equipment
listsand specifications, detailedingtructionsonusing
equipment for sampling and analys's, and equi pment
costs based on 1997 prices.

Two appendices provide detail ed tech-
niquesfor evaluating road-related erosion and
hazardsto aquatic systems (Appendix D of Guide-
book: Road Hazard Inventory) and for assessing
sediment deposition in streams (A ppendix E of
Guidebook: Sediment Deposition).

Target Application: Generd & Management &
Research

Suitablefor Volunteers: Yes
TrainingRequired: No

Monitoring Focus: Guidancefor the standard and
consstent collection of field-based dataon arange
of water quality parameters. Chaptersinclude
detailed discussion of monitoring strategiesand
waysto develop amonitoring plan. Also explained
arecriteriafor selecting monitoring Sites, dataquality
guidedlines, and methodsto storeand analyzewater
quality data.

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Office& Field & Laboratory



Level of DataQuality: Levels2,3& 4

Note: Oregon hasadifferent DataQuality
objectiverating: LevelsA-C. Level Ais
the highest, and can be used to assess
compliancewith water quality standards,
permitting requirementsand other
regulatory activities. Level B isthenext
highest, iseasier andlessexpensive, and
can be used asan early warning of potential
problemsor asascreening tool.

Level Cisthelowest, andistheeasiest to
collect, but because of itslow accuracy and
precision, Level C dataisbest usedfor
educationa purposes.

Equipment and Tools(list): Providedineach
chapter of the document; see Water Quality Equip-
mentList

Data Forms. Provided in document; dso available
fromtheinternet at:
http://waterquality.deg.state.or.uswa/303dlist/

DataRptFormat.htm

Examplesof Filled-in DataForms. Providedin
thedocument; also availablefromtheinternet at:
http://waterquality.deg.state.or.uswg/303dlist/

gappexample.ntm

K ey References: Included in each chapter of the
document
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Document No.: 22

A citizen’s guide to stream monitoring
and restoration

Citation: Washington Department of Fishand
Wildlifeand the University of Washington. 1996.
Nature Mapping for fish and streams: A citizen's
guideto stream monitoring and restoration.

O
NathreMarr ol Bru G iy

Sour ce: University of Washington
School of Aquatic and Fishery Sciences
Box 355020
Seattle, WA 98195
Contact: KarenM. Dvornich
Phone (206)-616-2031
E-mall: kgap@fish.washington.edu
Internet: hitp:/Awwv.fish.washington.eduw/
naturemapping/index.html

Abstract: The Washington Department of Fishand
Wildlife(WDFW) in partnershipwith the Washing-
ton Cooperative Fish and Wildlife Research Unit
Gap AnalysisProject at the University of Washing-
ton, initiated apilot project in September, 1993.
Teacherswereaskedto collect “real” wildlifedata
for astatewide biologica database. Thepilot has
grown from 23 teachersto over 200 intwo years!
The Oregon Biodiversity Project used thismodd to
beginasimilar programin 1995. TheNature Map-
ping Program’ svisionisto cresteanationa network
that linksnaturd resourceagencies, academiaandland
plannerswithloca communitiesprimerily through
schools. Theprogram’s god isto kegp common
animascommonandto mantainour qudity of life The
goproachistotrainindividua sto becomeaware of
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their natura resourcesandto providethetoolsto
inventory and monitor their resources. For afulll
description of theprogram, vist theNatureMapping
web Steat theaboveaddress.

Target Application: Genera & Management
Suitablefor Volunteers: Yes

Training Required: Yes
Available? Information about future
training workshops can be obtained from
Nature Mapping web site at:
www.fish.washington.edu/naturemapping
or contact Karen Dvornich
University of Washington at:
(206) 616-2031.
There are two levels of workshops available:
1) Wildlife and Habitat Data Collection,
2) What To Do With Your Data
Wher e? Monthly throughout the Sate

Monitoring Focus: To acquire broad data setsto
map biodiversity including wildlife, fish, and Water
Qudity dataincluding:

1) stream discharge; 2) water chemistry; 3) genera
vegetation; 4) biomonitoring - fish community, and
5) macrohabitat classfication.

Geogr aphic Scale: Basin, sub-basin, stream reach,
project Site

Methods. Field
Level of DataQuality: Level 1& 2
Equipment and Tools(list): Provided

DataForms. Available onlineat the Nature M ap-
pingweb Siteat: http://wwwv.fish.washington.eduw/
naturemaypping/joindata.html

Examplesof Filled-in Data Forms: Providedis
anexampleof Orchard Prairie Nature M apping
School Project and apreliminary Report at:
http://Amww.|sw.org/op/

Recommended Refer ences. Therearelinks
availabletothe Fidd Guides, General References,
and curriculum sourcesfrom the Nature M apping
web ste: http://mwww.fish.washington.edu/
naturemapping/edresorc.html




Document No.: 23

Fish Passage Barrier and Surface
Water Diversion Screening Assess-
ment and Prioritization Manual

Citation: Washington Department of Fishand
WildlifeHabitat Program, Environmental Restora
tion Division, Salmonid Screening, Habitat Enhance-
ment, and Restoration (SSHEAR) Section. August
2000, 81pp.

Fish Passage Barrier and Surface Water Diversion
Screaning Assassmant and Prioritization Manual

WASHINGTON DEFARTMENT OF FISH & WILDLIFE
HABITAT PROGRAM
ENVIRDNMENTAL RESTORATION DRSO

Salmionid Screening, Habital Enhancement,
and Resioration (SSHEAR) Section

=i

Sour ce: Washington Department of Fishand Wildlife
Habitat Program
Environmental Restoration Divison
SSHEAR Section
600 Capitol Way North
Olympia, WA 98501-1091
Contact: MikeBarber
Phone: (360)-902-2555
Fax: (360)-902-2946
E-mail: BARBEMRB@dfw.wa.gov
Internet: http://www.wa.gov/wdfw/hab/
enginegr/fishbarr.htm
Cost: No Charge

Abstract: A manua providing guidance and meth-
odsfor theinventory and evaluation of potential fish
passage barriersand surfacewater diversions.
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Methodol ogiesare a so provided to estimate the
potentia habitat gain abovethebarrier, alowing
prioritization of restoration projects. Differentlevels
of effort aredescribed for varying inventory goals.
locating culverts, dams, and fishways, determining
barrier status of the structure, and prioritizing
restoration habitat projects. The dataisuploaded
into the Washington Department of Fishand Wildlife
SSHEAR Fish Passageand Water Diversion
databases.

Target Application: General & Management

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel
Training Required: Yes

Available? Yes

Where? WDFW at the above address.

M onitoring Focus. Thismanua contains protocols
for evaluating fish passageat culverts, dams, and
fishways, evauating water diversonsfor fish
screens. It aso describesthe methodol ogiesfor
conducting habitat assessmentsand prioritizing fish
passage barriersand water diversonsfor correction.

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Office& Field
Level of DataQuality: Levels2& 3

Equipment and Tools(list): Includedinthe
Manual; Seea sotheInstream Equipment List

DataForms. Appendix A of thedocument
Examplesof Filled-in Data Forms: Not provided

Recommended Refer ences: Provided inthe
document
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Document No.: 24

Estuarine Habitat Assessment
Pr otocol

Citation: Smenstad, C.A., C.D. Tanner,and R.M.
Thom, and L. Conquest. 1991. Estuarine habitat
assessment protocol. UW-FRI-8918/-8919,
Report to United States Environmental Protection
Agency, Region 10, Wetland Ecosystem Team,
Fish. Res. Ingt., University of Washington, Sesttle,
WA. Report. 191 pp., Appendices. EPA 910/9-
91-037

Puget Sound Estuary Program

Estuarine Habitat
Assessment Protocol

Source: USEPA Region 10
1200 6" Avenue
Seattle, WA 98101
Phone: (206)-553-1200
Toll free: 1-800-424-4372
I nternet; http://www.epa.gov/rlOearth/

Abstract: Thegoa of the protocol istoinitiate
systematic, on-site measurement of estuarine
wetland and nearshore habitat function for fishand
wildlife utilization by assessing the attributes of the
habitatsidentified as being functionally impor-
tant to fish and wildlife. The protocol appliesonly
to thefunctional assessment of fishandwildlife
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support in estuarine wetlands and certain adjacent
habitats of the Puget Sound trough. The protocol
can be used to monitor the comparative perfor-
mance of thesite after restoration or of amitigation
dte.

Theprotocol isorganized to answer ques-
tionsfrom three perspectives. Habitat type, fishand
wildlife assemblage species, and attribute. The
habitat definitions, representativefishandwildlife
speciesof each habitat and important habitat
atributesare cross-referenced. The manual pro-
videsguidance on study design and recommends
appropriate sampling methods. Extensiveappendi-
ceslist 1) habitat-specific assemblage of species, 2)
habitat-specific attributes and associated habitat
functions, and 3) physiochemical attributesidentified
asimportant tofishand wildlife utilization of estua-
rinehabitats.

Target Application: Research

Suitablefor Volunteers: Yes, withtraining or if
supervised by experienced personnel.

Monitoring Focus:

. Habitat classification: Emergent Marsh,
mudflat, sandflat, gravel/cobble, edgrass,
water column, subtidal soft bottom, and
subtidal hard substrate.

. Habitat Function: Reproduction, feeding,
refugeand physiologica adaptation.

. Physical: Substrate, tidal elevation, light,
sound, bathymetricfeatures, vertical relief,
horizontal edges, water movement.

. Chemical: Sdinity, temperature, turbidity,
water qudity, sediment qudlity, nutrientinputs
fromnaturd freshwater and terrestria sources.

. Biological: Benthic microbiota, benthic
macroal gae, rooted vascular plants, demer-
sal adhesive eggs, surface epifauna, seden-
tary infauna, activeinfauna, epibenthic
plankton, pelagic zooplankton, neusonic and
driftinvertebrates, sedentary and motilefish,
birds, mammals.

Minimum, recommended and preferred monitoring
parametersarelisted for different speciesor habi-
tats. Minimumsgeneraly include presenceor
absence, percent cover, and density.



Geogr aphic Scale: Basin, sub-basin, stream reach,
project Site (estuary or nearshore habitats).

Methods. Field & Laboratory
Level of DataQuality: Level 3& 4

Equipment and Tools(list): Sixteen (16) sampling
designsaregiven, eechwith equipment andlabitems.

Data Forms: Not provided

Examplesof Filled-in Data Forms: Not provided
Key References: Pages 123-134 of the document

Recommended Reading:

A Field Guidefor Characterizing Habitatsusing A Marine
and Estuarine Habitat Classification System for Washing-
ton State*  (* Associated publication)

Bailey, A., K. Ward, T. Manning. 1993. WashingtonDNR,
Division of Aquatic Lands. April. 10 pp.




Document No.: 25

Volunteer Estuary Monitoring: A
M ethods Manual

Citation: Fisher,NinaA. 1993. United States
Protection Agency, Office of Water. EPA 842
B-93-004. December. 176 pp.

SEFA, Valuntesr Estuary
Monitaring:

Source: USEnvironmental Protection Agency
Office of Water
Office of Wetlands,
Oceans, and Watersheds
Oceansand Coagtd Protection Division
401 M Street SW
Washington, DC 20460
| nternet: http://www.epa.gov/owow/estuar
iesmonitor
Copiescan be obtained at:
USEPA Publications
Phone 1-800-424-4372

Abstract: Themanuad’sfocusistheidentification of
thosewater quality parametersmost importantin
determining an estuary’ swater qudity. Thesgnifi-
cance of each parameter to estuarine healthand
specific methodsfor monitoring aredetailed in step-
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by-step fashion. Themanual stressesproper quality
assurance and quality control techniquesto ensure
that the dataare useful to state agenciesand other
datausers.

The manua summarizesthe processof
planning and managing avol unteer monitoring pro-
gramfollowed by adiscussion of problemsfacing
estuaries. Fundamental estuarinewater quality
parametersare used to describe the status of an
estuary: dissolved oxygen, nutrientsand phytopl ank-
ton, submerged aquatic vegetation, and bacteria.
Additional estuarine conditionsdiscussed include
marinedebrisand the collection of shellfishfor
andysisof paraytic shdlfish poisoning and toxicant
contamination.

The chaptersare presented with descriptions
of themonitoring parameter and itsimportance and
impact, sampling considerations, atask list on how to
conduct the each monitoring protocol, and refer-
ences.

Target Application: Genera
Suitablefor Volunteers: Yes

TrainingRequired: No
Available? No

M onitoring Focus: Thismethodsmanual providesa
range of volunteer-oriented monitoring protocolsfor
theidentification of water quaity parametersimpor-
tant for determining estuarineconditionincluding
water chemistry, phytoplankton, and submerged
aquetic vegetation. Also discussesmonitoring marine
debris, and shdllfishtoxins.

Geographic Scale: Estuary and project site
Methods. Office& Field & Laboratory

L evel of Data Quality: Levelsl,2,and 3,
depending onthelevd of protocolschosento
implemant.

Equipment and Tools(list): Includedineach
chapter; Refer to Estuarine Equipment List

Data Forms: Provided are several sampledata
sheetsfor format and design

Examplesof Filled-in Data For ms: Not provided
Key References. Providedinthe document



Document No.: 26

Monitoring the Vegetation Resources

in Riparian Areas

Citation: Winward, A. H. 2000. Monitoring the
vegetation resourcesin riparian areas. Gen.
Tech. Rep. RMRS-GTR-47. Ogden, UT: U.S.

Department of Agriculture, Forest Service, Rocky

Mountain Research Station. 49 pp.

- T Monitoring the
. Vegetation Resources
in Riparian Areas

Sour ce: Rocky Mountain Research Station

PublicationsDidtribution
240 West Prospect Road
Fort Collins, CO 80526
Phone: (970)-498-1392
FAX: (970)-498-1396

Internet; http://www.fsfed.us'rm

or:
Department of theInterior
Bureau of Land Management
NARCS, RS-130

PO Box 25047

Denver,CO 80225-0047
Phone: (303)-236-0162
FAX: (303)-236-3508
E-mail: dprichard@blm.gov

86

Abstract: Thisdocument providesinformationon
three sampling proceduresused to inventory and
monitor the condition of vegetation resourcesin
riparian areasto provide an evaluation of the
hedlth of all thevegetationinagivenriparian area.
Theseinclude: 1) the vegetation cross-section
method designed to eva uatethe health of vegetation
acrossthevalley floor; 2) the greenline method
designed to provide ameasurement of the stream
sidevegetation; 3) and thewoody speciesregen-
eration method designed to measure the density and
ageclassstructure of any shrub or tree speciesthat
may be present inthe sampling area.
Dataanalysisproceduresdesignedtorate
thestatus of an areahave beenincluded. This
protocol further providesaterminology (glossary)
section, excellent photographsand figures
to aid with determination of scientific and monitoring
parameters, and several appendices.

Target Application: Management & Research

Suitablefor Volunteers: Yes, if supervised by
experienced personnel

Training Required: No

M onitoring Focus. The proceduresoutlined within
thisdocument are specificaly intended to be used as
follow-up methodsto the USDA Riparian Proper
Functioning (PFC) A ssessment (1998) when more
quantitativeinformationisdesired. Sampling focuses
on riparian community composition, greenline*
community composition and bank stability, and
woody vegetation regeneration. Emphasisisplaced
withinthe USDA Forest Servicelntermountain
Region*.

*The Intermountain Region includes eastern Oregon and

Washington, Idaho, Montana, south to Colorado between
the Rocky Mountains and Cascade Mountains.

Geographic Scale: May beapplied at al scales,
however, thisprotocol may be best suited for small
scale analysissuch as stream reach or project Site.

Methods: Field
L evel of Data Quality: Level 3

Equipment and Tools(list): Providedinthe
document



Data Forms. Provided inthe document
Examplesof Filled-in Data Forms. Not provided

Recommended Refer ences;

Assessing Conditions of Riparian-Wetland Corridors at
the Area-wide Level: Using Proper Function Condition
(PFC) methodology — an interdisciplinary assessment tool.

87

USDA Natural Resources Conservation Service, Septem-
ber 1999.

Stream Corridor Inventory and Assessment Techniques: a
guide to site, project and landscape approaches suitable
for local conservation programs. USDA Natural Resources
Conservation Service, September 1999

http://www.geol ogy.washington.edu/~nrcs-ws




Document No.: 27

Oregon Watershed Assessment
Manual: Component Il Historical
Conditions Assessment

Citation: Watershed ProfessionalsNetwork. 1999.
Oregon Watershed Assessment Manua

Component | Historical Conditions A ssessment.
June 1999. Prepared for the Governor’s
Watershed Enhancement Board. Salem, Oregon.

Sour ce: Oregon Watershed Enhancement Board
775 Summer Street NE, Suite 360
Salem, OR 97301-1290
Phone: (503)-986-0178
| nternet: http://www.watershednet.com/
oweb.htm

(may bedownloaded asapdf file)

Cost: Hard copy of entire manual: Send
$45.00 feeto Leilani Jennings at the
address above.

Abstract: Theintent of the protocol isto provide
cluesthat can be used to devel op an understanding
of the condition of key watershed resourcesbefore
settlement by Europeans. The protocol guidesusers
to develop aset of critical questionsregardingthe
characteristicsof awatershed’ sresourcesat the
time of European settlement, the historic trendsand
locationsof land use, the historical accountsof fish
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populationsand distributions, and thelocation and
extent of historic modificationsof the aquatic and
riparian resources.
Thefinal product isaconcisereport
of thewatershed'shistorical conditionsthat includes
seven components.
1. Adescriptivehigtorical narrative
2. Higoricd conditionstimeline
3. Higorica information referenced by streamand
subwatershed | ocation
4. Higorica Channel and Riparian Modification
Inventory and Map
5. A summary of historica information and trends,
and conclusionsonimpactson aquatic and
riparian resources
6. A comprehensivelisting of the sourcesof
informetion
7. A ConfidenceEvauation
A suggested outlineisprovided and forms
areprovided for tasks4and 7.

Target Application: Genera & Management
Suitablefor Volunteers: Yes

Training Required: No

Note: The minimum necessary skillsidenti-
fiedintheprotocol include: (1) theability and desire
to search for and compileinformation from avariety
of information sourcesand individuas, (2) theability
to summarizeinformationinareport format. The
ability touseaeria photographswill hel p protocol
usersto accomplish the assessment, but isn't
required by theauthors.

Monitoring Focus: ThisAssessment provides
guidanceto collect and develop areport onthe
collection of historical materidsrelated to:
. L andscape condition
. Aquatic\riparian habitat
. Fish populations

Water quality
| ssuesto beexplored through investigation of
higtoricd informationinclude:

Settlement patterns
. Direct impactsto the stream channels
including channel modification
Natural and human-caused disturbance
. Riparian vegetation patternsand change



. Natural and human-caused disturbancesuch | evel of Data Quality: Level 2

asfloodsandfire , , N
. Fish presenceand distribution Equipment and Tools(list): Providedinthe

document; seeUpland Equipment List

Geographic Scale: Basin, sub-basin, streamreach,  pata Forms: Included inthe document
project site

Examplesof Filled-in Data Forms. Not provided
Methods: Office

K ey References: Page 11-8 of the document
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Document No.: 28

Volunteer Salmon Habitat Monitoring
Program

Citation: People For Puget Sound. Volunteer
Samon Habitat Monitoring Program. DRAFT.
June 2001.

Sour ce: Peoplefor Puget Sound
1402 Third Avenue Suite 1200
Seattle, WA 98101
Phone: (206) 382-7007
I nternet: www.pugetsound.org

Abstract: Peoplefor Puget Sound recruitsvolun-
teer tewardsto restore salmon rearing habitat in
Sesttl€ sindustria Duwamish Waterway. Thegod
of the Volunteer Salmon Habitat Restoration and
Monitoring Programistoinvolvecitizensin assuring
thelong-term success of estuarinerestoration
projects. Peoplefor Puget Sound workswith
partnersand volunteersto restore salmon rearing
habitat in estuariesaround Puget Sound. From
planting to monitoring to stewardship, thegod of the
Volunteer Salmon Habitat Restoration and Monitor-
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ing Program isto assure thelong-term success of
estuarinerestoration projects. Puget Sound chinook
salmon were placed on the endangered specieslist
in 1999, and estuary habitats - especially salt
marshes- arecrucid for thesurviva of chinook and
other Puget Sound salmon. For thepast Six years,
Peoplefor Puget Sound have cooperated with
agencies, tribesand other organizationsto restore
sat marsh habitat in Sesttle’ sindustriaized
Duwamish estuary and other locationsaround the
Sound.

Currently, Peoplefor Puget Sound directly
managesall volunteersimplementing thisprotocol
and handlesall datathat isgenerated. Asthis
programisexpanded into additional areasaround
Puget Sound, building partnershipswithlocal
organizationwill bean effectivemeansof managing
volunteersandinsuring that dataisefficiently pro-
cessed, analyzed, and utilized.

Dataiscollected at varioustimesthroughout
theyear, depending upon thetype of databeing
collected
Target Application: Generd

Suitablefor Volunteers: Yes, withtraining

Training Required: Yes
Available? Yes
Wher e€? Peoplefor Puget Sound
I nternet: www.pugetsound.org

M onitoring Focus. Monitoring estuarine vegeta-
tion and vegetati on restoration project success

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Field
Level of DataQuality: Level 2

Equipment and Tools(list): Providedinthe
document and theweb

Data For ms: Appendix B of the document and
availableontheweb

Examplesof Filled-in Data Forms: Not pro-
vided

Recommended References: Not provided



Document No.: 29

Survey of Shoreline Armoringin Is
land County: A Protocol for
Volunteers

Citation: Berta, S., M. Farmer, J. Holmes, S.
King, H. Leahy-Mack, C. Myron. 1999. Survey
of shorelinearmoring in Idand County. Devel oped
by Idand County WSU Beach Watchers Shoreline
Alteration Survey Team. 30 pp. + appendices.

Survey of Shoreline Armoring
In Island County

A Protocol for Volunteers

Developed by
Islamd Coumiy WHEL esch YWatchers'
Shoreling Alsratios Siasey Team

Faiisi lbera. Mery Farower, dan fieime, Soan Ring.
Nleather Leahy Nlack, Cur Ayrom

Fevparml bs
Mlary Formeer mmal Jan Thsiwes

Sour ce: Puget Sound Water Quality Action Team
Washington Department of Natural Re
sourcesDivision of Aquatic Resources
PO Box 47027
Olympia, 98504-7027
Contact: ThomasMumford
Phone (360)-902-1079
Emal:  mumford.tom@wadnr.gov
I nternet (request acopy from staff): http:/
www.wa.gov/dnr/htdocs/agr/nshr/
contacts.html

Abstract: Thisreport documentsaninventory
project developed in responseto agrowing concern
about theimpact of shordlinearmoring in Puget
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Sound. Theproject wasinitiated by the Puget
Sound Water Qudity Action Team, and designed
and implemented by anumber of groupsinthe
Puget Sound region. Themethodsmeasured
amount of hardening in selected areas. Thereport
describessurvey methods, volunteer training,
materialsused for datacollectionand anaysis, data
collectionforms, database design, and an analysis of
the datagathered by the group of 1sland County and
Washington State University Beachwalkersduring
thesurvey of Whidbey 1dandin 1999.

Theauthorsnotethat the protocol lends
itself to creating futureinventoriesof sgnificant
nearshore parametersincluding substrate suitablefor
forage egg deposit, el grassbeds, and other
parametersof interest.

Target Application: Genera & Management
Suitablefor Volunteers. Yes, withtraining

Training Required: Yes
Available? Yes
Where? Adopt-a-Beach and Peoplefor
Puget Sound

Monitoring Focus. The survey protocol provides
amethod to quantify the extent of man-made
shordinearmoring structuresincluding bulkheads,
seawalls, docks, jetties, and groins:

Location

Typeof structure

Composition of structure

e Conditionof structure

Length of structure. Thelocationsof shoreline
gructuresaredocumented with Geographic Postioning
Sysgemequipment.

Geographic Scale: Shorelinereaches

Methods. Field

L evel of DataQuality: Not applicable

Equipment and Tools(list): Includedin protocol;
SeeEstuary Equipment List

Data Forms: Included in thedocument
Examplesof Filled-in Data Forms: Not provided
Key References. Not provided



Document No.: 30

A User Guide to Assessing Proper
Functioning Conditions and the Sup-
porting Science for Lentic Areas.

Citation: Prichard, D., etal. 1999. Riparian Area
Management. U.S. Department of the Interior
Bureau of Land Management. Technical Reference
1737-16. 109 pp.

Sour ce: Bureau of Land Management
National Business Center.
BC-65-0B. PP. Box 25047.
Denver, Colorado 80225-0047.

Abstract: Thefollowing publication provides
guidancefor assessing the physica functioning
conditionsof riparian-wetland areas. Thisassess-
ment, referred as Properly Functioning Conditions
assessments (PFC), isbased on aconsistent analy-
sisof physical attributesand key physical processes
pertinent to ri parian-wetland areas, such asvegeta-
tion, hydrology, and erosion processes. The assess-
ment of the PFC isqualitative, based on achecklist
of attributes and processes defined for riparian
wetlands. Thischecklist synthes zesinformation that
isbasicfor determining ariparian-wetland area's
hedlth. Additiondly, quantitativetechniquesareused
inconjunctionwiththechecklist, and especidly
when experienceislimited.
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Following theanaysisof the checkligt, the
Interdisciplinary (1D) team makesthe determination
of the conditionsand trendsof agivenriparian-
wetland area. The process of assessing the PFC
includescollectionand analysisof existing docu-
ments: historical documents, aeria photographs,
riparian-wetland vegetation classification, and other
surveysrelating to the attributesbeing anadlyzed. This
method isat theminimum level of assessment for
riparian wetlands. It may also beauseful starting
point in determining and prioritizing thetypeand
location of quantitativeinventory or monitoring.

Note: Thisdocument should beusedin conjunction
with protocol s contained in Document No. 96.

Target Application: Management
Suitablefor Volunteers: No

Training Recommended: Yes
Available? Not specified

Monitoring Focus:

. A gqudlitative assessment of properly func-
tioning conditionsand apparent trends of
riparian-wetland areas cons dering appli-
cableattributes and processes.

. Current conditionsareexamined using
existing dataand field observations.

. Used asatoal for prioritizinginventory
needsor restoration activities.

Geographic Scale: Project site, but can beusedin
watershed analysisif ratingsare aggregated.

Methods: Office& Field
L evel of Data Quality: Level 2

Wheredoesthedata go? U.S. Department of the
Interior - Bureau of Land Management; U.S.
Department of Agriculture- Forest Serviceand
Natural Resources Conservation Service.

Equipment and Tools(list): Not applicable
Data Forms. Appendix A of thedocument

Examplesof Filled-in DataForms: Appendix B
of the document

K ey Refer ences: Page 103 of the document



Document No.: 31

Revised Methods for Characterizing
Stream Habitat in the National Water
Quality Assessment Program

Citation: Fitzpatrick, F. A., J. R. Waite, P. J.

D’ Arconte, M. R. Meador, M. A. Maupin, and M.
E. Gurtz. 1998. Revised Methodsfor Characteriz-
ing Stream Habitat in the National Water Quality
Assessment Program. U.S. Geological Survey
Water Resources | nvestigations Report 98-4052.
Raeigh, North Carolina

Revisd Methods for Characterizing Stream

Hahital in the Basanal Waier-Ousling
Assessment Pragram

Sour ce: Copiescan bepurchased from:
U.S. Geologica Survey Branch of
Information Services
Box 25286, Federal Center
Denver, CO, 80225-0286

Abstract: Stream habitat ischaracterizedinthe
U.S. Geological Survey’sNational Water-Quality
Assessment (NAWQA) Program aspart of an
integrated physical, chemical, and biologica assess-
ment of the Nation’swater quality. Thegoal of
stream habitat characterizationisto relate habitat to
other physical, chemical, and biological factorsthat
describewater quality conditions. To accomplish
thisgod, environmental settingsare described at
stessdlected for water-quality assessment. In
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addition, spatia and tempord patternsin habitat are
examinedat locd, regiond, and nationa scales.

Thishabitat protocol containsupdated
methodsfor eva uating habitat in NAWQA Study
Units. Revisionsare based onlessonslearned after
6 yearsof applying theorigind NAWQA habitat
protocol to NAWQA Study Unit ecological sur-
veys. Smilar totheoriginal protocol, theserevised
methodsfor evaluating stream habitat are based on
agpatialy hierarchical framework that incorporates
habitat databasin, segment, reach, and microhabitat
scales. Thisframework providesabasisfor national
cons stency in collection techniqueswhilealowing
flexibility in habitat assessment withinindividua
Study Units.

Procedures aredescribed for collecting
habitat databasin and segment scale; these proce-
duresinclude use of geographicinformation system
database, topographic maps, and aerial photo-
graphs. Datacollected at thereach scaleinclude
channel, bank, and riparian characteristics. Col-
lected datainclude mgor natural and human factors
(i.e., ecoregion, land use, stream size, hydrology,
and geology) that are thought to control water
quality. Habitat characteristicsfrom each scalethat
are needed for NAWQA national dataaggregation
aredistinguished from optiona characteristicsthat
might beimportant for specific study units. This
protocol describesboth qualitative and quantitative
techniquesfor assessing habitat quality.

Tar get Application: Management

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

Training Recommended: Yes
Available? No

Monitoring Focus. Thisdocument assessesthe
statusand trends of riparian habitat quality focusing
on.

. Bank and shorelinecover;

. Cover composition and abundance;

. Bank sability;

. Generd freshwater vegetation;

. Freshwater macrohabitat classification;
. Substrate (pebble count);

. Bank shape;



. Stream morphol ogy;
. Stream discharge;
. Gravel embededness.

Geogr aphic Scale: Basin, sub-basin, stream reach,

project Site
Methods: Office& Field
Level of DataQuality: Level 2& 3

Equipment and Tools(list): Page47 of the
document

Data Forms. Provided at the end of the document

Examplesof Filled-in Data Forms: No, but
detailedingtructionsonfilling out the data sheet
corresponding to each geographic scalearein-
cluded. Alsoincluded aretwo application examples.

K ey References: Page 54-59 of the document
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Document No.: 32

A Framework for Analyzing the
Hydrologic Condition of Watersheds

Citation: McCammon, B., J. Rector, and K.
Gebhardt. 1998. U.S. Department of the Interior.
Bureau of Land Management. BLM Technical Note
405. Report No. 0704-0188.

A Framework for
ANALYZING the
HYDROLOGIC
CONDITION of
WATERSHEDS

Sour ce: U.S. Department of the Interior
Bureau of Land Management
National Applied Resource Science Center
P.O. Box 25047
Denver, CO 80225-0047

Abstract: TheBureau of Land Management and
the USDA Forest Service havedeveloped ana
tiona framework for comprehensiveinterdisciplinary
watershed andysis. Hydrologic conditionanadysis
requires, among other things, obtaininginformation
about precipitation, ground cover, vegetation soils,
geology, runoff, channdls, floodplains, and riparian
areasfor each watershed. Theanalysisresult sinan
undergtlanding of theinterrel ationshipsamong
meteorological, surface- and ground water, and
physica and biologica factorsthat influencethe
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flow, quality, and/or timing of water. Thisguidance
outlinesaprocessfor identifying the essentia factors
needed to describe hydrologic condition, whilestill
providing theflexibility to addresssite-specific
outlinesaprocessfor identifying the essentia factors
needed to describe hydrologic condition, whilestill
providing theflexibility to addresssite-specific
characteridtics.

Theinformation assembled during the
process enabl esthose who conduct hydrologic
analysesto participate effectively with other interdis-
ciplinary team membersin addressing ecosystem
and resource management planning issues. The
process hel psto organize existing information about
awatershedintheform of awatershed casefile,
whichdisplaysandinterpretscritica hydrologic
information and supplementsother resourceinfor-
meation during decision-making process.

Thisdocument strivesto devel op an under-
standing of hydrologic condition of awatershed by
examining theinterrel ationshipsamong meteorol ogi-
cal, surfaceand ground water, and physical and
biologicd factors. Theanaysisfollowsaset of
logical steps, wherethe productsof one step
provideinformation about the next step:

Step 1. Characterizethewatershed —collecting all
known informationincluding past and current human
use and devel opment disturbance regimes, meteoro-
logicd, hydrological, and biologica factors. This
step resultsinabroad overview of awatershed.

Step 2. Ratefactors—Identify and qualitatively rate
thefactorsthat aremost influentia ontheflow,
quaity, andtiming.

Step 4. Establish current levels—quantify the
current range and status of thefactorsidentifiedin
step 3.

Step 5. Establishreferencelevel s— specify condi-
tionsthat would be expected if the system were
operating without sgnificant humaninfluence.

Step 6. Identify changesandinterpret results—
evauate causesand gnificanceof observed differ-
encesand project potentid for recovery.

Tar get Application: Management

Note: Thisprotocol wasdesigned for land



use planning applications, but may be useful
to other applications.

Suitablefor Volunteers: No

Training Recommended: Yes
Available? No

M onitoring Focus. Generd freshwater vegetation
and stream discharge.

Geogr aphic Scale: Watershed
Methods: Office
L evel of Data Quality: Levels2through 4

Equipment and Tools(list): Providedisalist of
data, recommended format, and procedures and/or

sourcesfor obtaining data (Appendix A of the
document).

Data For ms: Can be adapted from the hypotheti-
ca exampleinthemanual (seebelow).

Examplesof Filled-in DataForms. Throughout
itscontents, themanual provided isacompleteand
detailed (hypothetical) exampleof acharacterization
of awatershed. It guidesareader through a set of
filled out datasheets, demonstrating theanaysis
process, and providing rationalefor thequditative
ratingsand data sources.

K ey References: Page 37 of the document

96

G
i

L



Document No.: 33

Stream Habitat Analysis Using the
Instream Flow Incremental
M ethodology

Citation: Bovee, K.D.,B.L.Lamb, J. M.
Bartholow, C. B. Stalnaker, J. Taylor, and J.
Henriksen. 1998. Stream Habitat AnalysisUsingthe
Instream Flow Incremental Methodology. U.S.
Geologica Survey, Biologica ResourcesDivison

I nformation and Technology Report USGSBRD-
1998-0004. viii + 131 pp.

Stream Habitat Analysis Using
the Instream Flow Incremental
Methodology
e T
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Source: U.S. Geologica Survey
Biologica ResourcesDivison
Midcontinent Ecological Science Center
4512McMurry Avenue
Fort Collins, CO 80525-3400
Copiesareavailableat:
Nationa Technica Information Service
5285 Port Roya Road
Springfield, Virginia22161
Phone:1-800-553-6847 or 703-487-4650
or:
Defense Technica Information Center
Attn: Help Desk

97

8725 Kingman Road, Suite 0944
Fort Belvoir, Virginia22060-6218
Phone: 1-800-225-3842 or (703)-767-9050

Absgtract: Thisdocument isintended to updatethe
conceptsand ideasfirst presentedin Information
Paper 12, thefirst attempt to describethe Instream
Flow Incremental Methodology (IFIM) inits
entirety in 1982. Thispublication servesasacom-
prehensiveintroductory textbook inIFIM for
training courses. It containsthe most complete and
comprehensivedescription of IFIM inexistence
today.

Thismanua should dso serveasan official
guideto IFIM in publicationto counteract the
mi sconceptions about the methodol ogy that have
pervaded the professiona aimed at the
decisonmakersof management and alocation of
natural resourcesin providing theman overview;
and to thosewho design and implement studiesto
inform the decision mankers. There should be
enough background on model concepts, data
requirements, calibration techniques, and quality
assuranceto help thetechnica user designand
implement acost-effective gpplication of IFIM that
will provide policy-relevant information.

Some of the chaptersdeal with basic
organization of IFIM, procedural sequence of
applying IFIM startingwith problemidentification
study planning and implementation, and problem
resolution.

Tar get Application: Management

Suitablefor Volunteers: No; authorsstrongly
recommend aninterdisciplinary team approach to
theuseof IFIM.

Training Recommended: Not applicable; interdis-
ciplinary team approach.

Monitoring Focus: IFIM’smodeling approach has
been devel oped considering major human-induced
impactstoriver systemsthat fal intofivemajor
categories.

1) flow regime—description of habitat variabil-
ity under basdlineand dternativeflow
regimes



2)

3)

4)

5

habitat structure—quantification of the
amount of microhabitat availablefor atarget
speciesover awiderangeof discharges,
combining empirica descriptionsof thestruc-
turd featuresof the channel, smulated distribu-
tionsof depth and vel ocity, and habitat suitabil-
ity criteriafor thetarget species.

water quality —FIM studiesgenerally incorpo-
ratewater quality modelsin common useby the
water resource or public health agency of the
region.

food energy source—incorporatessimulations
of microhabitat areafor useby benthic
macroinvertebratesin streamsinhabited by
trout and salmon.
bioticinteractions—examination of interspecific
competition asaconsequence of flow manage-
ment. Thispathway according to the authors
has been most neglected andisinaneed of
further development. Theauthorsoffer afew
new conceptsthat need to be sorted out and
appliedto IFIM modeling. Amongthemare
smulated historical temperatureand flow
patterns, unfavorabletemperature during
pawning andincubation, or unfavorably high
velocitiesduring fry emergence.

Geographic Scale: Basin, sub-basin, stream reach,
project site. Thefundamenta accounting habitat unit
usedinIFIM isasegment. How the component of
IFIM are assembled and combined dependsonthe
nature of the problem and the objectivesof thestudy.

Methods: Office
Level of DataQuality: Level 3& 4

Equipment and Tools(list): Datarequirements,
datacollection strategies, sampling protocols
descriptionsand evaluations, and most widely
available sourcesarelisted under each pathway in
chapter 3 and 4 of thereport.

DataForms: Not applicable

Examplesof Filled-in Data Forms: Not appli-
cable

K ey References: Literature Cited section page
111, suggested reference material sat theend of
each chapter.




Document No.: 34

Aquatic Education Stream
Survey Manual

Citation: AlaskaFish and Game; http://
www.state.ak.us/local/akpages'FISH.GAME/
soortf/geninfo/ag ed/anwsatml/awwmnl.htm

Sour ce: AlaskaFish and Game
Divisgonof Sport Fish,
Aquatic Education Divison
Contact: Mark Anderson
Department of Environmental Conservation
Phone: (907) 4565307
or:
Kent Patrick-Riley
Phone: (907) 269-7554
E-mail: kriley@einvirocon.date.ak.us

Abstract: AWW stream surveysare specifically
designed to enhance students' and volunteers
knowledge of aquatic resourcesand waysof their
protection. The AWW stream surveyshavebeenin
use by thevolunteersand studentsfor 6 years. The
AWW isthe state-wide umbrellaorganization for
hands on aquatic stewardship programs. AWW'’s
four themesare: aquatic education, monitoring,
pollution prevention, and watershed rehabilitation
and maintenance. The AWW stream survey includes
ingtructionsfor annual, seasonal stream, and
macroinvertebrate surveys.
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Target Application: Generd

Suitablefor Volunteers: Yes, specificaly desgned
for volunteersand sudents.

Training Recommended: No

Monitoring Focus: The AWW annual and sea-
sond stream surveysfocuson general characteris-
ticsof surveyed streams. Among thefeaturesto be
observed by the volunteersand studentsduring an
annual stream survey are;

e channe features(existenceof culverts,
dams, artificid banks, cover for fish, channel
cross section, and bottom sediments),

e riparianfeatures(surrounding vegetation
types, percent canopy cover),

e andlanduse

During aseasona stream surveys, thefocusison:

e wesather (air temperature, preci pitation)

o dreamflow

o water quaity (leve, clarity, presenceof
algee, etc.)

o wildlifepresence

e water chemistry (dissolved Oxygen, pH,
turbidity)

Geographic Scale: Stream reach, project site
Methods: Field

Level of Data Quality: Level 1

Equipment and Tools(list): Not provided
DataForms: Availableonline

Examplesof Filled-in Data Forms: Not provided
Key References. Not provided



Document No.: 35

Protocol for placement and retrieval
of temperature data loggersin ldaho
streams

Citation: Zaroban, D. W. 1999. Protocol for
placement and retrieval of temperature data
loggersin|daho streams. Idaho Division of Environ-
menta Quality. Boise, ID.

H § H H i HEH EEEEEEEEEEE®E

Sour ce: Idaho Division of Environmenta Quality:
State Technical ServicesOffice
1410N. Hilton
Boise, ID 83706-1253
http://www?2.state.id.us/deg/water/tlp.htm

Abstract: Thisprotocol isintendedto providea
standardized processfor collection of

temperature datausing dataloggers. Thelntroduc-
tion section providesbackground information
relevant to the need for stream temperature data
collection aswell asadescription of the scope of
theprotocal (i.e., itsintended purpose and what
informationisprovided). The methods section
describes pre-placement procedures: develop a

100

monitoring plan, select logger, calibrate logger;
and placement procedures: launch logger, site
selection, logger placement, locality documenta-
tion; and retrieval procedures. A bibliography and
glossary arefurther provided. AppendicesA-F
includethe OwyheeMountainsthermograph place-
ment work plan, atemperaturelogger cdibrationform,
atemperaturelogger metadatashest, afield equipment
list, atemperaturel ogger fidddform, and proceduresfor
temperaturedatahandling respectively. This protocol
doesnot cover lakes, reservoirs, and large non-
wadablerivers.

Thisprotocol isintended to supplement the
Idaho Division of Environmenta Quality (DEQ)
technical proceduresmanua (Rastonand Browne
1976) inlight of recent advancesintemperature
monitoring technology.

Target Application: Management & Research

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

Training Recommended: No
Available? No

M onitoring Focus. Providesguidelinesfor the
placement, retrieval and documentation of tempera-
turedataloggersat individua wadable stream Sites
and subsequent temperature datahandling.

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Office& Field
Level of DataQuality: Level 3& 4

Equipment and Tools(list): Appendix D of the
document

Data Forms: AppendicesB, C, and D of the
document

Examplesof Filled-in Data Forms: Not provided
K ey References: Page 7 of the document



Document No.: 36

Recommended Protocols for
Sampling and Analyzing Subtidal
Benthic Macroinvertebrate
Assemblages in Puget Sound

Citation: Puget Sound Estuary Program. 1987.
Recommended protocolsfor sampling and
andyzing subtidal benthic macroinvertebrate
assemblagesin Puget Sound. Prepared by Tetra
Tech, Inc. Recommended Protocolsand Guide-
linesfor measuring sel ected environmenta variables
in Puget Sound. Puget Sound Water Quality Action
Team, Olympia, WA.

major elementsof thedesign of subtida benthic
macroinvertebrate studiesthat were considered at
theworkshop but left unresolved.

Next sectionsinclude specification for the
field, |aboratory, qudity assurance/quality control
(QA/QC), and datareporting proceduresthat are
recommended for most future benthic
macroinvertebrate studiesin Puget Sound.

Although these protocol sare recommended
for most studies conducted in Puget Sound, depar-
turesform these methods may be necessary to meet
thespecia requirementsof individual projects. If
such departuresare made, however, thefunding
agency or investigator should beawarethat the

about the sound who we arefevents calendar@programs B publications Bsite index

Puget Sound Water

. -

Juality Action Team

Sour ce: U.S. Environmenta Protection Agency
Region 10, Office of Puget Sound
1200 6th Avenue
Sesattle, WA 98101
Alsoavailablein pdf format at
Puget Sound Water Quality Action
Teamweb Steat:
http:/Aww.wa.gov/puget_sound/
Publications/protocol S/protocol.html

Abstract: Thisprotocol describesrecommended
methodsfor sampling and anayzing subtidal soft-
bottom benthic macroinvertebrates assemblagesin
Puget Sound. The methods are based ontheresults
of aworkshop and written reviews by representa-
tivesfrom most organizationsthat fund or conduct
environmental studiesin Puget Sound. The purpose
of devel oping these recommended protocolsisto
encourageall Puget Soundinvestigatorsconducting
monitoring programs, basdlinesurveys, andinten-
sveinvestigationsto use standardized methods
whenever possible,

The protocol includesasection on study
design consideration. Inthissection, discussed are
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resulting datamay not be comparablewith most
other dataof that kind. In someinstances, data
collected using different methods may be compared
if themethodsareintercaibrated adequately.

Target Application: Management & Research
Suitablefor Volunteers. No

M onitoring Focus. Monitoring of subtida soft-
bottom benthic macroinvertebrate assemblagesin
Puget Sound.

Geogr aphic Scale: Written specifically for use
within Puget Sound

Methods: Field & Laboratory

L evel of Data Quality: Level 4

Equipment and Tools(list): Not provided

Data Forms: Not provided

Examplesof Filled-in Data Forms. Not provided
Key Refer ences: Page 33 of the document



Document No.: 37

R1/R4 (Northern/lntermountain Re-
gions) Fish and Fish Habitat Standard
| nventory Procedures Handbook

Citation: Overton, C. K., S. PWollrab, B. C.
Roberts, and M. A. Radko. 1997. RI/R4
(Northern/ Intermountain Regions) Fishandfish
habitat standard inventory procedures handbook.
Gen. Tech. Rep. INT-GTR-346. Ogden, UT: U.S.
Department of Agriculture, Forest Service, Inter-
mountain Research Station. 73 p.

R1'R4 (Horthern/Intermountain
Regions) Fish and Fish Habitai
Standard Inventory Procedures
Handbook

Source: U.S.D.A Forest Service: Intermountain
Research Station
324 25" Street
Ogden, Utah 84401

Abstract: Thisprotocol isintended asatool for
U.S. Department of Agriculture Forest
Servicefisheriesbiologiststo meet their require-
mentsof assessing thedirect, indirect, and
cumulative effectsof Nationa Forest manage-
ment activitiesonfishand fish habitat. This
document providesastandard set of core
variablesand proceduresdesigned to allow for
the capability to observeand
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and contrast fish popul ation and habitat statusand
condition acrossmultiplelandscapescales. The
inventory procedure processisdividedintofive
sections

|. R1/R4 Fish Habitat Inventory Overview —briefly

describes each sequential step of datacollectionand
processing from gart toinventory finish.

I1. R1/R4 Fish Habitat Inventory Procedures—
describesthe variables coll ected and the methodol -
ogy for thefish habitat inventory and fish population

sampling.

[11. Inventory Training—providesthe procedures
used tointroduceinventory crewsto thefish habitat
inventory and the suggestionsfor conducting crew
traning sessons.

IV. Inventory Quality Control —describestech-
niquesthat crew supervisorscan usetoimprovethe
inventory skillsof their crews.

V. Inventory Sampling Schemes—describesthe
differentinventory levels(Levesl tolll) and
subsampling frequencies(20to 100 percent) in
relation to common Forest obj ectivesand outputs.

Appendix A providesdataformsusedinthe
inventory process, appendix B providesan example
of completed inventory forms, appendix Cisa
glossary, appendix D listsequipment needed to
completetheinventory, appendix E containsakey
for identifying riparian community types, and appen-
dix F displayssummary variableoutputsusnga
database management system (FBASE).

Target Application: Management & Research
Suitablefor Volunteers: No

Training Recommended: Yes
Available? No, includesinstructionsfor
training.
Wher e? Page 40 of the document

Monitoring Focus: To assessthedirect, indirect,
and cumulative effectsof Nationa Forest manage-
ment activitiesonfishandfishhabitat. Thisinventory
wasdesignedto:

1) Definethestructure (pool/riffle, forming fea-
tures), pattern (sequenceand



2)

3

spacing), and dimensions(length, width, depth,
area, volume, and so forth) of fish habitat.
Describe species composition, distribution, and
rel ative abundance of salmonid species.
Facilitatethe cal culation of summary statistics
for habitat descriptors.

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Office& Field

i

i 1] W= b NI
P -
e
¥ e

: AT L
o -
E ™ -

it

'ﬁ; S

103

g

L evel of Data Quality: Level 4

Equipment and Tools(list): Appendix D of the
document

Data Forms. Appendix A of thedocument

Examplesof Filled-in Data Forms. Appen-
dix B of the document

K ey Refer ences: Page 44 of the document



Document No.: 38

A User Guide to Assessing Proper
Functioning Condition and the Sup-
porting Science for Lotic Areas

Citation: Prichard, D., J. Anderson, C. Correll, J.
Fogg, K Gebhardt, R. Krapf, S. Leonard, B.
Mitchell, and J. Staats. 1998. Riparian areaman-
agement: A user guideto assessing proper function-
ing condition and the supporting sciencefor lotic
areas. TR 1737-15. U. S. Department of the
Interior, Bureau of Land Management. Denver, CO.

RIPAHIAN AREA MANAGEMENT
TR ITNLES

A Llver ddavde v Lisnaing Frapsr
Fumenoaiig Cnisdiiian and

Sour ce: Bureau of Land Management
Nationa BusinessCenter
BC-650B
P.O. Box 25047
Denver, Colorado 80225-0047

Abstract: Thismanual providesguidancein assess-
ing the proper functioning condition (PFC) of
riparian-wetlandsareas. PFC isaqualitative method
and refersto both the assessment processand
defined, on theground condition of ariparian area.
The PFC assessment refersto aconsi stent
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approach for considering hydrol ogy, vegetation, and
erosion/deposition (soils) attributesand processes
to assessthe condition of riparian-wetland areas.
PFCisaqualitative assessment based on quantita-
tive science. The PFC assessment isintended to be
performed by aninterdisciplinary teamwithlocal,
on-the-ground experiencein thekind of sampling
techniquesthat support the PFC checklist.

PFC isalso an appropriate starting point for
determining and prioritizing thetypeand location of
quantitativeinventory or monitoring necessary.

PFC assessment hasalso provento bean
excellent communicationtool for bringingawide
diversity of publicto agreement. Thisprocessforms
a“commonvocabulary” for identifying thebuilding
blocksfor the development of desired condition and
resulting values.

Note: Thisdocument should be usedin conjunction
with protocol s contained in Document No. 96.

Target Application: Management
Suitablefor Volunteers. No

Training Recommended: Yes

Available? Yes

Wher €? Interdisciplinary teamsconsisting
of Federa and State agencieswereformedin 11
western states. Theseteamsare currently providing
trainingin each of the 11 states.

Monitoring Focus: Consdershydrology, vegeta-
tion, and erosion/deposition (soils) asattributesand
processesto assessthe condition of riparian-
wetland aress.

Geographic Scale: Basin, sub-basin, stream reach,
project site

Methods: Office& Field

L evel of Data Quality: Level 2
Equipment and Tools(list): Not provided
Data Forms. Page 63 of the document

Examplesof Filled-in Data Forms: Appendix B
of thedocument

K ey References: Page 119 of the document



Document No.: 39

The Shorekeeper’s Guide for
Monitoring Intertidal Habitats of
Canada’'s Pacific Waters

Citation: Jamieson, G. S., C. D. Levings, B. C.
Mason, and B. D. Smiley. 1999. The shorekeeper’s
guidefor monitoringintertidal habitatsof Canada's
Pecific waters. Fisheriesand Oceans Canada,
Pacific Region. Modules 1, 2, and 3. Volumel.
(Loosdlef).

-.‘\:"J-'..'r.ﬂ'r'r;.'lﬂ'\-"i’rr.-.-:r.I'r

for Mowsitoring Intertidal Habieats

of Cannels Pacific Winters

Sour ce: Fisheriesand Oceans Canada
Pecific Biologica Station
Nanaimo, B.C.
VIR 5K 6
Internet: http://www.pac.df o-mpo.gc.calsci/
protocol/shorekeepers

Abstract: The Shorekeeper’s Guideisaprotocol
for nonprofessiona sto map and survey theintertidal
zone, and to produce dataof sufficient quantity and
qudity for useby resource managers, environmental
biol ogists, and marine researcherswho are monitor-
ingand ng long-term changesinmarine
communities. Thegod isto enableinterested non-
professiond individuasand community groupsto
obtain standardized, credibledataover timefroma
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specific physical ste—and fromthesedata, to
document and eva uate the nature of change, if any,
that isoccurring. Theprotocol usesboth physical
substrate characteristics (e.g. sand, mud, and rock
boulders) and biological features(e.g. rockweed
and eelgrass beds) to define and map habitats,
which arethen sampled for speciesdiversity and
abundance. The protocol can be used on both soft
and hard intertidal substrates, andincludesade-
scriptive method for backshore surveying within 20
mof theintertidal zone. The Guideiscomprised of
three modules. amapping and survey procedure, a
datamanagement procedure, and atraining curricu-
lum to teach leaders about the survey protocol and
datamanagement procedures.

Target Application: Management & Research
Suitablefor Volunteers: Yes, withtraining

Training Recommended: Yes
Available? Yes
Wher €? Contact DFO Representatives.
Dr. Glen S. Jamieson, Pacific
Biologicd Station, Namaimo
(250)-756-7223/Email:
jamiesong@pac.dfo-mpo.ge.ca
Dr. CollinD. Levings
West Vancouver Laboratory
West Vancouver
Phone: (640)-666-7915
Email: levingsc@peac.dfo-mpo.ge.ca

M onitoring Focus. 1) Macrohabitat classification;
2) Generd vegetation; 3) Biomonitoring of
macroinvertebrates.

Geographic Scale: Designed for usewithin
intertidal habitatsof varyingsze

Methods: Office& Field
L evel of DataQuality: Levels2to 3

Equipment and Tools (list): Appendix C, supple-
mented within thetext of the document

Data Forms. Appendix B of the document

Examplesof Filled-in DataForms. Partid;
pages 16-23 of the document

K ey Refer ences: Page 100 of the document



Document No.: 40

Field Sampling and M easurement
Protocols for the Watershed
Assessment Section.

Citation: Cusimano, B. 1993. Field sampling and
measurement protocol sfor thewatershed assess-
ments section. Pub. No. 93-e04. Washington State
Department of Ecology. Olympia, WA.

T COLOET

Fileld Samplireg and Messurement Protocals
Tar the
Watershed Assszzments Section

Sour ce: Washington Department of Ecology
Publications Digtributions Office
P.O. Box 47600
Olympia, WA 98504-7600
(360) 407-7472

Abstract: Thisdocument providesacollection of
field sampling and measurement
protocolsdesigned for the watershed assessments
section of the Washington Department of Ecology.
Thiscollection of protocolsrelates primarily to the
collection of parametersinvolving water quaity and
includes: bottleringng; nutrients(ammonia, nitrate-
nitrite, total persulfate nitrogen, total phosphorous,
and nutrients 3[ammonia, nitrate-nitrite, and total
phosphorous)); orthophosphate; feca coliform;
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temperature; conductivity; pH; dissolved oxygen—
Winkler titration; dissolved oxygen—Y Sl dissolved
oxygen meter; freeandtotal chlorine; oil and grease;
flow measurement; and hydrolab caibrationand
deployment. Individua protocol swithinthisdocu-
ment areclearly laid out in step-by-step fashion.

Target Application: Research
Suitablefor Volunteers:. No

Monitoring Focus. Monitoring water chemistry
and water temperature.

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Field
Level of DataQuality: Level 4

Equipment and Tools(list): Listed withineach
protocol

DataForms. Not provided

Examplesof Filled-in Data Forms. Not pro-
vided

K ey References: Listed within each protocol




Document No.: 41

Field Guide for Collecting and
Processing Stream-Water Samples
for the National Water-Quality
Assessment Program

Citation: Cusmano, B. 1993. Field sampling and
measurement protocol sfor thewatershed assess-
ments section. Pub. No. 93-e04. Washington
Department of Ecology. Olympia, WA. 48 pp.

FIELD GUIDE FOR COLLETTIRG AHD PRCCERSING
STHEANM-WATER SANPLES RO THE MATIOMAL
WATER-QUALITY ASSERSMIMT PROGREW

Source: U.S. Geologica Survey
NAWQA Field Technical Support
Placer Hall
6000 J Street
Sacramento, CA 95819-6129
http://water.usgs.gov/pn I
thtml

Abstract: TheU.S. Geologica Survey’sNational
Water-Quality Assessment programincludes
extensivedata-collection effortsto assessthe quality
of theNation’sstreams. These studiesrequire
analysesof stream samplesto mgjor ions, nutrients,
sediments, and organic contaminants. For the

SW-
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information to be comparableamong studiesin
different partsof the nation, cons stent procedures
gpecificaly designed to produce uncontaminated
samplesfor traceanaysisinthelaboratory are
critical. Thisfield guide describesthe standard
proceduresfor collecting and processing samples
for mgjor ions, nutrients, organic contaminants,
sediment, and field andyses of conductivity, pH,
akalinity, and dissolved oxygen. Samplesare
collected and processed using modified and newly
designed equipment make of Teflonto avoid con-
tamination, including nonmetallic samplers(D-77
and DH-81) and aTeflon sample splitter. Field
solid-phase extraction procedures devel oped to
processsamplesfor organic constituent analyses
produce an extracted samplewith stabilized com-
poundsfor moreaccurateresults. Improvementsto
standard operational proceduresincludethe use of
processing chambersand capsulefiltering systems.
A modified collecting and processing procedurefor
organic carbon isdesigned to avoid contamination
from equipment cleaned with methanol. Quality
assuranceismaintained by strict collectingand
processing procedures, replicate sampling, equip-
ment blank samples, and arigid cleaning procedure
using detergent, hydrochloric acid, and methanol.

Target Application: Management & Research
Suitablefor Volunteers: No

Monitoring Focus. Stream-water quality sample
collectionand processing

Geogr aphic Scale: Scaled tothe USGS Study
Unit—roughly equivalent tothebasinscale

Methods: Field & Laboratory
Level of DataQuality: Level 4

Equipment and Tools(list): Page 10 of the
document

DataForms: Partia on page 43 of the document

Examplesof Filled-in Data Forms. Not pro-
vided

K ey References: Page 45 of the document



Document No.: 42

Guidelines for Coallecting and
Processing Samples of Stream Bed
Sediment for Analysis of Trace
Elements and Organic Contaminants
for the National Water-Quality
Assessment Program

Citation: Shelton, L. R.andP. D. Capel. 1994.
Guiddinesfor collecting and processing samplesof
stream bed sediment for analysisof traceelements
and organic contaminantsfor the National Water-
Quadity Assessment program. Open-File Report
94-458. U.S. Geological Survey, Sacramento, CA.

Source: U.S. Geologica Survey
NAWQA Field Technical Support
Placer Hall
6000 J Street
Sacramento, CA 95819-6129
http://water.wr.usgs.gov/pnsp/pest.rep/bs-
t.htrnl

Abstract: A mgor component of theU.S. Geologi-
cal Survey’sNational Water-Quality

Assessment programisto characterize the geo-
graphicand seasona distributionsof water-quality
conditionsinrelation to major contami nant sources.
For streams, the assessment of trace elementsand
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organic contaminantsisaccomplished through a
two-phase assessment of stream bed sedimentsand
tissuesof aquatic organisms. Thefirst phase of the
strategy istoidentify important constituents based
on datacollected from bed-sediment depositiona
zones. Fine-grained particlesdeposited in these
zonesare natural accumulatorsof trace elements
and hydrophobic organic compounds. For the
information to be comparableamong studiesin
many different partsof thenation, strategiesfor
selecting stream sitesand depositiona zonesare
critica. Fine-grained surficial sedimentsare obtained
from severa depositiona zoneswithinastream
reach and composited to yield asamplerepresent-
ing average conditions. Samplecollectionand
processing must be done consistently and by
procedures specifically designed to separatethefine
meaterid intofractionsthat yield uncontaminated
samplesfor trace-level anaytesinthelaboratory.
Special coring samplersand other instruments made
of Teflonareused for collection. Samplesare
processed through a2.0-millimeter stainless-steel
mesh sievefor organic contaminant andysisand a
63-micrometer nylon-cloth sevefor trace-element
analysis. Quality assuranceismaintained by strict
collection and processing procedures, duplicate
sampling, and arigid cleaning procedure.

Target Application: Management & Research
Suitablefor Volunteers: No

M onitoring Focus. Water-quality —contamination
of stream bed sedimentsby trace elementsand
hydrophobic organic compounds

Geographic Scale: Designed for the USGS Study
Unit—roughly equivaent tothebasinscae;
sampling doneat the stream reach scale.

Methods: Field
Level of DataQuality: Level 4

Equipment and Tools(list): Page 10 of the
document

Data Forms: None, but mentioned on page 22 of
the document

Examplesof Filled-in Data Forms: Not provided
K ey References: Page 23 of the document



Document No.: 43

Field Guide for Collecting Samples for
Analysis of Volatile Organic Com-
poundsin Stream Water for the Na-
tional Water-Quality Assessment
Program

Citation: Shelton. L. R. 1997. Field guidefor
collecting samplesfor andysisof volatileorganic
compoundsin stream water for the National Water-
Quadity Assessment program. Open-File Report
97-401. U.S. Geologica Survey, Sacramento, CA.

=USGS

Fleld Guide for Collecting Samples for
Analysis of Volatile Organic Compounds

in Streams Water for the

Mational Water-Quality Assessment Program

Shefon, L R

Mational Water- Quiality
ARS8 e Frogram

LS. Geological Survey
Sacramento, Calfomia

Dpan-File Report 97 401

Source: U.S. Geologica Survey
Field Technical Support, NAWQA
Placer Hall
6000 J Street
Sacramento, CA 95819
I nternet: http://water.wr.usgs.gov/pnsp/
pest.rep/voc.html#SC

Abstract: For many years, stream samplesfor
anaysisof volatileorganic compounds

have been collected without specific guiddinesor a
sampler designed to avoid anayteloss. In 1996, the
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U.S. Geological Survey’sNational Water-Quality
Assessment Program began aggressively monitor-
ing urban stream water for volatile organic com-
pounds. To assure representative samplesand
consistency in collection procedures, aspecific
sampler wasdesigned to collect samplesfor
analysisof volatileorganic compoundsin stream
water. Thissampler, and the collection procedures,
weretested in thelaboratory and inthefield for
compound | oss, contamination, samplereproduc-
ibility, and functiond capabilities. Thisreport
describesthat sampler and itsuse, and outlinesfield
procedures specifically designed to provide con-
taminant-free, reproduciblevolatile organic com-
pound datafrom stream water samples.

Target Application: Management & Research
Suitablefor Volunteers: No

Monitoring Focus. Monitoring water chemistry
with emphasi son contamination of stream water by
volatileorganic compounds

Geographic Scale: At siteswithin basinsor sub-
basins, located at or near streamflow gages.

Methods: Field
Level of DataQuality: Level 4

Equipment and Tools(list): Page 9 of the
document

Data Forms: Not provided, although field notes
are addressed on page 13 of the document

Examplesof Filled-in Data Forms: Not pro-
vided

Key References: Page 15 of the document




Document No.: 44

Student Watershed Research Project:
A Manual of Field and Lab Procedures
— 39 Edition

Citation: Andrews, S,, V. Beeson, J. Blair, R.
Carter, M. Goodrich, E. Harris, W. Jarrell, D. Lev,
J. Miller, R. Peterson, R. Rodgers, R. Stockhouse,
D.Walf, L. Wolf. 1996. Student watershed research
project: amanual of field and lab procedures—3

edition. Saturday Academy-Oregon Graduate
I nstitute of Science and Technology, Portland, OR.

Student Watershed
Research Project:

& %lanunl of Field and Lals Prissedones

Sour ce: http://mwww.swrp.ora/Publications/
publicationshtm

Abstract: The Student Watershed Research
Project (SWRP), aprogram of Saturday Academy,
usesthe cooperation of teachers, students, scien-
tists, businesses, governmental agencies, and
community groupsto couplewatershed education
with thecollection of high quality data. SWRP
identifies5 project goals, theseinclude: collabora-
tion between scienceteachers, students, and prac-
ticing scientists; provision of training, equipment, and
meateridsfor watershed monitoring; maintenance of
adatabase of student-collected datathat isreliable
and of high qudity; fostering stewardship of natura
areas and resources by students. SWRP devel oped
the Riparian and Aquatic Ecosystem Monitoring:
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A Technical Training Workshop, which partners
scientists, SWRP staff, and local teachers. Withinthis
intendvetrainingworkshop, teecherswork dongside
cooperating scientistsand saff to acquiretheskillsand
practice needed to use, and teach theuse of, data
collection equipment and techniques.

Proceduresand criteriafor high qudity collec-
tion of watershed datawere devel oped throughthe
collaboration of scientigsworkinginthe Tudatinand
Clackamaswatersheds. Theseproceduresarepre-
sented hereto ass st withingtruction, datacollection,
andthereporting of results. Theintegration of SWRP
intoasciencecurriculum chalengesstudentsto sudly,
interpret, and communicatestecharacteristicsand
exisingwater qudity characteristicswhilecollecting deta
onwater chemigtry, microbiology, vegetation,
meacroinvertebrates, wildlife, and stream habitat param-
elersat accessblestesdongtargeted tributaries. Fidd
datacollection occursduring October and April provid-
ing datafor both high and low seasond flows.

Theimplementation of arigorousqudity
assurance/qudity control (QA/QC) programiscoordi-
nated and supervised by SWRP gt&ff. Thisplanincudes
highleve technicd training of teachers syntheticsample
andyssprior tofidd sampling by students, duplicate
sampleandyssby professond labs, ID verification of
speciesby fidd experts, and technicd assstanceinthe
cassoomandfidd by scienceprofessonds.

Target Application: Research
Suitablefor Volunteers: Yes

Training Recommended: Yes
Available: information availableat: hitp://
www.srp.org/ndex.html

Monitoring Focus. Water quality and watershed
resources

Geogr aphic Scale: Streamreach

Methods: Field & Laboratory

Level of Data Quality: Level 2

Equipment and Tools(list): Appendix D

Data Forms: Page 145 of the document
Examplesof Filled-in Data Forms: Not provided
K ey References. Appendix E of the document



Document No.: 45

Sampling Protocol: Bull Trout Habitat
Study

Citation: Dunham, J. 2000. Sampling protocol:
bull trout habitat study (DRAFT). U.S. Forest
Service, Rocky Mountain Research Station.
Boise, ID. 23 pp.
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Sour ce: Jason B. Dunham
Research Fishery Biologist
Rocky Mountain Research Station
Boise Forestry Sciences L aboratory
316 East Myrtle
Boise, ID 83702
(208)-373-4380 (voice)
(209)-373-4391 (fax)
E-mail: jbdunham@fsfed.us

Abstract: In 2000, the Western Divison American
Fisheries Society (WDAFS) dected acommittee
(seelist of collaborators) to coordinate devel opment
of survey protocolsfor bull trout. Two typesof
protocolswererequested: 1) to determine bull trout
occurrence (“presence/absence’) and 2) to deter-
mine potentid or suitablebull trout habitat. To meet
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these objectives, we developed aninterim sampling
protocol for conducting presence/absence surveys
based on currently availableinformation. This
protocol reports samplesizerequirements, design
congderations, and proceduresfor determination of
juvenilebull trout presence. A find, peer-reviewed
product will beavailableby summer of 2001.Habitat
and biotic conditionsmeasured within thisprotocol
include: temperature, stream size (width and depth),
maximum water depth at the site, bankfull width,
substrate (percentage composition of different
substratetypes), large wood (number of piecesand
wood class), stream gradient, conductivity, vigibility,
elevation, geographiclocation, and the occurrence
of other fish species.

Target Application: Management & Research
Suitablefor Volunteers: No

M onitoring Focus. Suitable habitat for bull trout
coupled with presence/absenceinformation. The
document focuses on monitoring such parametersas
water temperature, spawning habitat avail ability,
stream morphol ogy, and macrohabitat classification.

Geogr aphic Scale: Designed for theregiona scale
- canbeapplied at smaller scales

Methods: Field
Level of DataQuality: Levels3& 4

Equipment and Tools(list): Appendix |1 of the
DRAFT document

Data Forms. Not provided

Examplesof Filled-in Data Forms. Not pro-
vided

K ey Refer ences. Page 15 of the DRAFTdocument




Document No.: 46

Aquatic Habitat Assessment: Common
M ethods

Citation: Bain, M. B. and N. J. Stevenson, editors.
1999. Aquatic habitat assessment: Common meth-
ods. American Fisheries Society, Bethesda, MD.

= Aquatic Habitat
= Assessment

:

> ==

_:I Ir

Sour ce: American Fisheries Society
5410 Grosvenor Lane, Suite 110
Bethesda, Maryland 20814-2199
http:/mww.fisheries.org/publications/
bookpdf/aqueaticintro.htm

Abstract: Habitat isnow the basisof most impact
assessmentsand resourceinventories, anditisthe
bas sof many speciesmanagement plans, mitigation
planning, and environmental regulation. Habitatsare
relaively stablethroughtime, easly definedin
intuitive physical terms, and provideatangible
resourcefor negotiationsand decision making.
Numerousand varied methods of anadyzing and
reporting habitat conditions have been developed by
federal, state, provincia, and private agencies.
Habitat assessment approachesvary greetly among
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regionsof the continent. Thegreat variability in
methodsand an unusually widerangeof practices
haveimpeded the ability of agenciesto shareand
gynthesizeinformation. A diversity of methodsis
desirableintheinitial stagesof arapidly developing
field, but enough time has passed to assessthe
state-of-knowledge and identify the best of the
currently used methods and techniques.
Thismanud isintended to providefisheries
biologistswithalimited set of techniquesfor obtain-
ing aqueatic habitat data. Themanua aso describes
therangeof information collected and usedin
agency habitat analyses. Agenciesplanning habitat
programsshould review the synthesisof established
and documented methods being used in North
America(Appendix 1) and the planning recommen-
dationsin Chapter 2. Then, theremaining chapters
should bereviewed to determinewhat types of
habitat datashould beincludedintheagency’s

program.
Target Application: Management & Research

Suitablefor Volunteers: Yes, withtraining or if
supervised by experienced personnel.

Monitoring Focus. Macrohabitat classification;
genera vegetation, cover density, turbidity, animal
shoreline damage, bank shape and cover, water
chemistry, stream morphol ogy, gravel composition,
pebble count, gravel embededness, total suspended
solids, barrier assessment.

Geographic Scale: Variable: basin, sub-basin,
streamreach, or project site

Methods: Field

L evel of DataQuality: Intended for use by
fisheriesbiologidts, thuslevels3to4

Wheredoesthedata go? Not specified
What’sthe databasefor mat? Not specified
Equipment and Tools(list): Not provided
Data Forms:. Variable by protocol

Examplesof Filled-in Data Forms: Variable by
protocol

K ey Refer ences: Page 201 of the document



Document No.: 47

A Guide to Photodocumentation for
Aquatic Inventory

Citation: Osprey Environmental Services. 1996. A
guideto photdocumentationfor aquaticinventory.
Prepared for the Aquatic Ecosystems Task Force,
Resources|nventory Committee on behalf of the
B.C. Ministry of Environment, Landsand Parks,
FisheriesBranch. British Columbia, Canada.

Avalableonline
http://Mmww.for.gov.bc.calric/Pubs/Aquatic/
Photodoc/I ndex.htm

Resources Inventory Committee

A Guide to
Photodocumentation
for Aquatic Inventory

Prepared by Osprey Environmental Services
on behalf of the B.C.. Ministry of Environment,
Lands and Parks, Fisheries Branch
for the
Aquatic Ecosystem Task Force,
Resources Inventory Committee

March 1996

Sour ce: To order hard copy manuals, call Queen’s
Printer Government Publications
Centreat: (250) 387-3309 or
Toll-free: 1-800-663-6105
or visit the RIC web pages
at: http://www.publications.gov.bc.ca

Abstract: Photodocumentationisamajor part of
watershed, stream and lakeinventories.

Theability of aworker to extract useful information
from aphotographwill depend on: the photo
subject, thequality of theimage, proper storage of
theimage, knowledge of the photo’sexistence, and
theability toretrieveand view theimage.
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Thisguidebook identifiesrequired and
recommended photo subjects. The captureand
storage of imagesarediscussed inlight of an ever-
growing rangeof options(i.e., filmtypes, automated
camerafeatures, digital cameras, digitized video
images, digitized filmimages).

Ground-based photodocumentationis
addressed in thisguidebook, asaerid photography
and videography arereviewed elsewhere.

Target Application: Management & Research

Suitablefor Volunteers: Yes, withtraining, or if
supervised by experienced personnel

Training Recommended: Yes

M onitoring Focus: Photodocumentation of aquatic
sysems

Geographic Scale: Basin, sub-basin, stream reach,
project site, however, most appropriatefor stream
reach and project site

M ethods. Office& Fidd
L evel of Data Quality: Level 2

Equipment and Tools(list): Theguide, inits
design, reviewsavailable equipment and tools

Data Forms. Appendix 4 of thedocument

Examplesof Filled-in Data Forms. Not pro-
vided

K ey References: Section 11.0 of the document




Document No.: 48

Lake and Stream Bottom Sediment
Sampling Manual

Citation: Provinceof British Columbia. 1997. Lake
and stream bottom sediment sampling manual.
Resourcesnventory Committee (RIC), British
Columbia, Canada.

v Rpmnigrces Iventory GCommities Home

e P ™

Resources Inventory Committee

Lake and Stream Bottom Sediment
Sampling Manual

Source: To order hard copy manuals, call
Queen’sPrinter Government
PublicationsCentreat:

(250) 387-3309 or Toll-free: 1-
800-663-6105 or visit the RIC web

pageat:
http://mwww.publications.gov.bc.ca

Availableonlineat:
http://Amww.for.gov.bc.calricdPUBSAquatic/
|ake-stream/index.htm

Abstract: Thismanua coverstheminimum require-
mentsto ensure quality and consistency of thefield
aspectsof lakeand stream bottom sediment data
collection. Sedimentscollected using thetechniques
outlined herewill beanayzed for sediment chemis-
try and for physical characteristicssuch asparticle
Szedistribution. Theessentia tasksin sediment
sampling areto collect representative, undisturbed
samplesthat meet therequirementsof the program,
and to prevent deterioration and contamination of
the samplesbefore analyses. The procedures
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outlinedinthismanua areorientated primarily
towards BC Environment employees, consultants,
or those under alega requirement to undertakea
sampling program for theMinistry. Thedatacol-
lected using thismanual goesto the Environmental
Monitoring System (EMS) for BC Environment.
Following the protocolsoutlined in thismanua will
adfiedgaff incollectingreliable, representative
samples.

Target Application: Management & Research
Suitablefor Volunteers: Yes
Training Recommended: Yes

M onitoring Focus: Thismanual focuseson
collecting samplesof lakeand stream bottom
sedimentsfor chemica and physica andyss.
Protocol sinclude sampling fromaboat, bridge,
winter sampling and samplehandling (shipping and
safety). Thismanual doesnot address project
design or datainterpretation. Thesetopicscan be
foundin:

Cavanagh, N., R.N. Nordin, L.W. Pommen and
L.G. Swain. Guidelinesfor Designing and
Implementing a Water Quality Monitoring
Programin British Columbia

Avidableat theRIC webesite:
http://mww.for.gov.bc.calric/PUBS/Aquatic/design/
index.ntm

and Guidelinesfor inter preting Water Quality
Data.

Availableat theRIC web Site:
http://www.for.gov.bc.calric/PUBSAquati c/inter:
index.ntm

Geographic Scale: Basin, sub-basin, stream
reach, project site

Methods: Field
Level of DataQuality: Level 3

Equipment and Tools(list): Samplegeneric
checklistin Appendix 1 of the document

Data Forms: Not provided
Examplesof Filled-in Data Forms: Not provided
K ey References: Section 7 of the document



Document No.: 49

British Columbia Estuary Mapping
System

Citation: Howes, D., M. Morris, and M.
Zacharias. 1999. British Columbiaestuary mapping
system. Prepared by the Land Use Coordination
Officefor the Coastal Task Force, Resource
Inventory Committee. ResourcesInventory Com-
mittee, British Columbia, Canada.

British Columbia Estuary Mapping
System

Srapaned by
Land Liss Coondinaion Dféco

kex the Loasdel Task Force . Rescums imvericny LommiEse
FERolrTas aamory COmimined

Version 1.0

March 1959

Sour ce: Ministry of Environment, Landsand Parks
PO Box 9360 STN PROV OVT
Victoria, BCV8W 9M2
Phone: (250) 387-9422
Internet: http://mww.gov.bc.calel p/cont/
To order hard copy manuals, cal Queen’s
Printer Government Publications
Centreat: (250) 387-3309 or Toll-free: 1-
800-663-6105 or visit the RIC pageson
their web pageat: http://
www.publications.gov.bc.ca
Or availablein pdf format onlineat:
http://www.for.gov.bc.calric

Abstract: Thismanua providesamapping and
database system and methodology for largescale
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(typicaly 1:5,000) mapping of estuaries. This
system buildsupon an estuarine classification

devel oped by the Ministry of Environment in 1983
(Hunter et a. 1983) and integrates components
fromthefollowing RIC standards:

British ColumbiaPhysica Shore-Zone

Mapping System (Howeset al. 1994)

British ColumbiaBiologica Shore-Zone

Mapping System (Searing and Frith 1995)

Wetland and Riparian Ecosystem Classifica-

tion (MacK enzieand Banner in prep.)

Standardsfor Terrestrial Ecosystem Map-

ping for British Columbia(Resource Inven-

tory Committee 1998)

Terrain Classification System (Howesand

Kenk 1997.

Thisstandard iscomposed of seven data
basesthat separate biotic from abiotic attributesand
point from polygon attributes. Thedesign of this
system permitsthe comparison of estuariesthrough-
out the province, and can easily be updated to
incorporate changesin any of theexisting standards
thiswork isbased upon. It has been devel oped and
structured inamanner that facilitatestheincorpora
tion of datafromthisstandardintoaGIS. Lastly,
thisstandard isapplicablefor research or scientific
application, asdatacollection methodsarerigorous
and the database and mapping structure has been
designed with research needsin mind.

Target Application: Management & Research
Suitablefor Volunteers: No

M onitoring Focus. Estuarine ecosystems; classifi-
cation of the estuarine macrohabitat.

Geogr aphic Scale: Designed for estuaries
Methods. Office& Field

L evel of Data Quality: Level 4

Equipment and Tools(list): Not applicable
Data For ms: Page 39 of the document
Examplesof Filled-in Data Forms. Not pro-
vided

K ey Refer ences. Page 44 of the document



Document No.: 50

Ambient Fresh Water and Effluent
Sampling Manual
Citation: Provinceof British Columbia 1997.
Ambient fresh water and effluent sampling manud.

Resources|nventory Committee (RIC), British
Columbia, Canada.

*Rismaurces Imaniory Commiies Homa

Resources Inventory Committee

Ambient Fresh Water and Effluent
Sampling Manual

Sour ce: Ministry of Environment, Landsand Parks
PO Box 9360 STN PROV GOVT
VictoriaB.C. V8WIM2
Phone: (250) 387-9422
| nternet: hitp://www.gov.bc.calelp/con/
To order hard copy manuals, call
Queen’sPrinter Government
Publications Centreat: (250) 387-
3309 or Toll-free: 1-800-663-6105
or visit the RIC web pageat: http:/
www.for.gov.bc.calric/pubs/aguatic/
ambient/index.htm

Abstract: Thismanua coverstheminimum require-
mentsto ensure quality and consistency of thefield
aspectsof ambient water and effluent datacollec-
tion. Theessentia tasksinwater sampling areto
obtain asamplethat meetstherequirementsof the
program, intermsof |ocation and frequency, and to
prevent deterioration and contamination of the
samplebeforeanalysis. The proceduresoutlinedin
thismanual areorientated primarily towardsBC
Environment empl oyees, consultants, or those under
alegd requirement to undertake asampling pro-
gramfor theMinistry. The dataobtained through
theuse of thismanua will beincorporated into
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standardized fiel dsinto adatabase (Environmental
Monitoring System, EM S, for BC Environment).

Theprotocolsoutlinedinthismanua will aid
fild gaff in collecting reliable, representative water
samples.

Target Application: Management & Research
Suitablefor Volunteers: No

. M onitoring Focus. Thismanual focuseson
monitoring water qudity/water chemistry of ambient
aswell aseffluent freshwater of riversand lakes.
Includedinthemanual areproceduresfor monitoring:
temperature,

. dissolved oxygen,
. conductivity/sdinity, pH,

. water darity,
J ORP,
. and sreeamflow

Thismanua doesnot addressproject desgn or data
interpretation. Thesetopicsareavaladlein:

Cavanagh, N., R.N. Nordin, L.W. Pommen and
L.G. Swain. Guidelinesfor Designing and
Implementing a Water Quality Monitoring
Programin British Columbia

Avidableat theRIC web site:
http://mww.for.gov.bc.calric/PUBSAquatic/design/
index.htm

and Guidelinesfor interpreting Water Quality
Data.

Availableat theRIC web Site:
http://www.for.gov.bc.calric/PUBSAquati c/inter:
index.ntm

Geographic Scale: Basin, sub-basin, stream reach,
project site

Methods: Field
Level of DataQuality: Levels3& 4

Equipment and Tools(list): Genericfield check-
listinappendix 1 of thedocument

Data Forms. Appendix 2 of thedocument
Examplesof Filled-in Data Forms: Not provided
K ey References: Section 10 of the document



Document No.: 51

Reconnaissance (1:20,000) Fish and
Fish Habitat Inventory: Standards and
Procedures

Citation: Provinceof British Columbia. 1998.
Reconnai ssance (1:20,000) fishand fish habitat
inventory: standards and procedures. Prepared by
BC Minigtry of Fisheries, FisheriesInventory
Section for the Resource I nventory Committee.
British Columbia, Canada.

Reconnaissance (1:20 000)
Fish and Fish Habitat Inventory:
Standards and Procedures

Ageril 1984

Verson 1.9

Sour ce: Minigtry of Agriculture, Food and Fisheries
BC Fisheries
PO Box 9043 STN PROV GOVT
VictoriaV8W9E2
Phone: (250) 387-1023
| nternet; http://www.gov.bec.calfish/
#200 — 1112 West Pender Street
Vancouver, BCV6E 2S1
Phone: (604) 683-2181
Fax: (604) 683-2189
Or availableonlineat:
http://www.for.gov.bc.calric
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Abstract: Thismanua describesthe Resources
Inventory Committee (RIC) standard for

Reconnai ssance (1:20,000) Fish and Fish Habitat
Inventory for British Columbia. Thereconnai ssance
isasample-based survey covering wholewater-
sheds. It providesinformation regarding fish species
distributions, characteristicsand rel ative abundance.
It a so provides stream reach and |ake biophysical
datafor interpretation of habitat sensitivity and
capability for fish production. Thismanua presents
all phasesof theinventory, from pre-field data
review to datacompilation, and preparation of fina
reportsand maps.

Target Application: Management & Research
Suitablefor Volunteers: No

M onitoring Focus: fish speciesdistributions,
characteristicsand relative abundance— stream
reach andlakebiophysica dataincluding
macrohabitat classification, generd vegetation,
temperature, water chemidstry, cover composition
and abundance, stream morphology, substrate
(pebble count), bank and shoreline cover, channel
classification, and photodocumentation.

Geographic Scale: Basin

Methods: OfficeField

Level of DataQuality: Levels3and 4
Equipment and Tools(list): Not provided

DataForms. Availableonlineat: http://
www.for.gov.be.calric/PUBS/Aguatic/index.htm

Examplesof Filled-in Data Forms: Not provided

Key References: At the end of each chapter of
the document



Document No.: 52

Title: Quality Assurance Sample
Procedures for Water Quality Surveys

Citation: Bauer, S.B., W.H. Clark. 1986. Quality
Assurance Sample Proceduresfor Water Quality
Surveys. Journa of theldaho Academy of Science.
22 (2). 22-55.

Quality Assurance SampleProcedures
for Water Quality Surveys

by

Stephen B. Bauer and William H. Clark
|daho Department of Health and Welfare
Division of Environment
450 West State Street, Boise, |D 83720

and

James A. Dodds
|daho Department of Health and Welfare
Bureau of Laboratories
2200 Old Penitentiary Road, Boise, ID 83712

Sour ce: |daho Department of
Environmenta Quality
Contact: WilliamH. Clark
1410 N. Hilton Street
Boise, ID 83720
Phone: (208) 373-0502
Internet: http://mwww?2.state.id.us/'deqg

Abstract: Quality assurance procedureswere
tested using Divison of Environment water qudity
studiesof agricultural runoff inthe Twin Falls(Rock
Creek) and Lewiston areas, 1984-1985. Average
relativerange, aprecision estimate, was cal cul ated
asameasureof dispersion betweenfield split
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samples. Precision for suspended sediment, total
Kjeldahl nitrogen, total inorganic nitrogen (nitrate &
nitrite), and total phosphoruswasgood (4.4-20.7%),
but fair for dissolved ortho-phosphate (16.6- 26.9%)
and poor for fecal coliform bacteria(52.1%).
Percent recovery (accuracy) wasca culated from
field spiked samples. Averagerecovery wasgood
for most parameters (90.3-112.8%), fair for ammo-
nia(120%) and hydrolysable phosphorus (80%),
and poor for fluoride (20.7%). Werecommend
replicate sampling for estimation of precisonand
field spiking for estimation of accuracy beincluded
asanintegra part of water quaity investigations.
These procedures can be applied to collection of
other categoriesof environmental measures.

Target Application: General & Management
Suitablefor Volunteers: No

Training Required: Yes
Available? No

Monitoring Focus: Thisdocument providesa
good exampleof awater quality program QAPP,
and discusses possible sourcesof error.

Geographic Scale: Basntoreach

Methods: Field & Laboratory

L evel of DataQuality: Not applicable
Equipment and Tools(list): Not applicable

Data Forms: Not provided

Examplesof Filled-in Data Forms: Not provided
Key References: Page 54 of the document




Document No.: 53

Field Testing of New Monitoring
Protocols to Assess Brown Trout
Spawning Habitat in an Idaho Stream

Citation: Maret, T.R., T.A. Burton, G.W. Harvey,
and W.H. Clark. 1993. Fieldtesting of new
monitoring protocol sto assess Brown Trout spawn
ing habitat in an Idaho stream. North American
Journal of FisheriesManagement. 13: 567- 580.

FRELD TES VARG OF REM WO PROTOO0LE 1o S8R S8
O TROUT B HaEnFaT ol ab Eann 67 ke s

TE WARIT 7.5 SUATON G W HEFAT dD Wi CLGER,

- P W A

T B R . el i Pk D

poge vy ew e s ma ey el

Sour ce: North American Journal of Fisheries
Management
Contact: T.R. Maret
U.S. Geologica Survey, Water Resources
Divison, Idaho Digtrict Office
230 CadllinsRoad, Boiseldaho 83702, USA

Abstract: Theeffectsof nonpoint source pollution
on salmonidincubation and embryo survivd to
emergencewere eva uated on Rock Creek in south-
central Idaho. New monitoring protocolswere
appliedto eval uate effects of sedimentsand associ-
ated pollutants on spawning and recruitment of
brown trout Salmo trutta. According to these new
protocols, incubation successin artificial egg pock-
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etsismeasuredintermsof intragravel dissolved
oxygen (IGDO), percent fine sediment (< 2.0 mm)
inthesubstrate, and survival of embryosand devins
to emergence. Mean IGDO concentrationsand
saturation levelsweresignificantly less(P< 0.05) at
stationsaffected by agricultura pollutantsthanat a
control station. Up to 40% of IGDO measurements
werebelow 6.0 mg/L, the proposed water quality
criterionfor salmonid spawning in Idaho streams.
Mean vauesfor percent fine sediment werealso
higher at all impacted stations. Survival to emer-
genceat the control station ranged from 19to 83%
and averaged 48%. Survival at impacted stations
ranged from O to 54% and averaged 17%. Survival
generaly increased with mean | GDO concentrations
above 8.0 mg/L and 70% saturation. A growth
index expressed astheratio of devintotal lengthto
thermal unitsof exposure (summed daily degrees
above 0°C) during stream incubation showed
reduced aevin growth during incubation at impacted
gations. Significant positivere ationshipswere
found between |GDO saturation and survival to
emergence (P<0.01). Wefound significant inverse
relationshipsfor percent finesediment and survival
(P<0.05).

Target Application: Management & Research
Suitablefor Volunteers: No

Training Required: Yes
Available? No

Monitoring Focus: Thisdocument providesa
method for artificial redd construction, and mea-
surement of intragravel dissolved oxygenand
percent fine sedimentsintheredd.

Geographic Scale: Project site
Methods: Field
Level of DataQuality: Level 3

Equipment and Tools(list) : Providedinthe
document

DataForms. Not provided

Examplesof Filled-in Data Forms. Not pro-
vided

Key References: Page 579 of the document



Document No.: 54

Coordinated Nonpoint Source Water
Quality Monitoring Program for
|daho

Citation: Clark, W.H. 1990. Coordinated
nonpoint sourcewater quality monitoring program
for Idaho. 1daho Department of Health & Welfare,
Divisonof Environmental Quality. 138 pp.

Coordinabed
Monpoing Source
Wiater Quality
fondtoring

" STOpRET FE e fonpars
A RO e e
T ———-mn

Sour ce: |daho Department of
Environmentd Quality
Contact: WilliamH. Clark
1410 N. Hilton Street
Boise, ID 83720
Phone: (208) 373-0502
Internet: hitp://www2.state.id.us/deq

Abstract: In August 1988 an Anti-degradation
Agreement for |daho wasfinalized after months of
negotiations between agricultural, timber, and
mining interests, Indian tribes, sportsmen, and the
conservation community. Thekey provisonsof
thislandmark agreement are Basin AreaMestings
will beheld biennially acrossthe stateto discuss
water qudity andtodlow citizenstonominatestream
segmentsof concern; establishment of acoordinated
monitoring program; and aprocessfor desgnating
outgtanding resourcewaters.

Thisdocument wasdevel oped by aneight
member technica advisory committeetomeet the
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second provison of theagreement, establishment of a
coordinated monitoring program. Itsbroad objectiveis
tomaximizewater qudity datacollectioneffortsinidaho
by providing astandard monitoring formeat thet dl con
fallow, by diminating duplication of monitoring effortand
development of ashared common surfacewater qudity
database. Theprogramwill requirecooperaionby dl
involvedwithwater quaity monitoringinldaho.
Thisdocument describesBasin and Watershed
Trend Monitoring; Benefica UseMonitoring; and Best
Management Practice(BMP) EffectivenessMonitoring.
The program addressesthe three main nonpoint source
activitiesinldaho: agriculture, forestry, andmining. For
each of theseactivitiesanintroduction and objectives
sectionisincluded, aswdl asadescription of thecurrent
program and adescription of therecommended program.
Themonitoring program described heread-
dressestrendsinmgor river basinsand watersheds,
beneficid usesupport status, and best management
practiceeffectiveness. A listing of appropriate param-
etersand protocolsisincludedfor reference. A checklist
of mgor itemsto beincluded inanonpoint sourcewater
quality monitoring planisincluded asapracticd guideto
plan preparation.
Target Application: Management & Research
Suitablefor Volunteers: No
TrainingRequired: Yes

Monitoring Focus: Thisdocument providesaplan
to organize sampling effortsacrossldaho. A discus-
sionondifferent typesof monitoring (ambient trend
monitoring, beneficid useassessment monitoring, and
BM P effectivenessmonitoring) for different typesof
land uses (agriculture, forestry, and mining) isincluded.
Recommendationsfor common datastorageare
outlined. An appendix with suggested protocolsfor
different variablesisincluded.

Geographic Scale: Basntoreach
Methods: Office& Field & Laboratory

L evel of Data Quality: Level 4
Equipment and Tools(list): Not applicable

Data Forms: Idaho Forest Practice Evaluation
Worksheet

K ey Refer ences: Pages 66-71 of the document



Document No.: 55

Protocols for Assessment of Dissolved
Oxygen Fine Sediment and Salmonid
Embryo Survival in an Artificial Redd

Citation: Burton, T.A., G.W. Harvey, and M.L.
HcHenry. 1990. Protocolsfor assessment

of dissolved oxygen, fine sediment and samonid
embryosurviva inanartificia redd. 1daho Depart
ment of Health and Welfare, Divison of Environ
mental Quaity, Water Quality Bureau. 25 pp.

TR i e g | i) ) [

PROTOE :|.:_ o .'.._-.'5::-_:.1;_-'|_:|_—-.|-|'5.'\.:1. VED DEYRER
FIKE BEDIMERT AMD HALMOHID EMBAYD SLEWIVAL
AN ARTEICLL RERE

H E .

Sour ce: |daho Department of
Environmentd Quality
1410 N. Hilton Street
Boise, ID 83720
Phone: (208) 373-0502
Internet; http://www2.gtate.id.us/deq

Abstract: Samonid spawningisaprotected benefi-
cid useof water quaity inldaho. Severa nonpoint
sourceactivitiescause accd erated sedimentation,
whichadversdly effect sdmonid spawning. Aninterim
water qudity criterionfor intergravel dissolved oxygen
hasbeen devel oped to protect sdlmonid spawning.
Vdidation of theinterim criterionand theneed for
further datarequiremethodol ogiesfor monitoring
sediment effects, which deve op datal eading tomore
refined criteria. A methodol ogy for monitoring sedi-
ment impact hasbeen devel oped.
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Thetechniquesuseintergravel dissolved oxygen,
finesediment and sdmonidembryosurvivd inatificid
egg pockets. Thetechniquespermitsmeasurement of
thefinesedimentinfiltrating artificid egg pocketsandthe
dissolved oxygen concentrationinthegravels. These
vauesarecompared with egg surviva anddevin escape-
ment fromtheartificia egg pockets. Fedtesting of the
methodson seven sreamsin | daho haveverified thet the
techniquesareworkableduring different seasonsandin
different sreamconditions.

Prdiminary dataandyssindicatesthat levelsof
finesediment intrus on appear relatedtoegg survival.
Alsoquantitiesof finesediment foundinsubgrateare
related towatershed devel opment. Streamsstudiedin
theldaho batholith contained rd atively coarser-textured
intergrave fineswhichresultedinlittieor nodissolved
oxygen depresson, and therefore, did not limit embryo
development. Observed mortalitiesgppeared to bethe
result of entrapment of devinswhen fineswere exces-
sve. Streamsingeologieswhich producesiltand
clay-textured finesappeared to suppressintergravel
oxygen concentration and growth and survival of
developing embryos.

Target Application: Management & Research
Suitablefor Volunteers: No

Training Required: Yes
Available: No

Monitoring Focus. Theintent of thisprotocol isto
detect impactson salmonidincubation and recruitment by
measuring finesedimentintruson, inStudissolved
oxygen, and emergenceof devinsfromtheartificid redd.
Thisdocument providesamethodfor artificid redd
condruction, measurement of intragrave dissolved
oxygen, percent finesediment intrusonintheredd, and
collectionof devinsemergingfromtheartificid redd.

Geographic Scale: Stream Reach & Project Site
Methods: Field
Level of Data: Level 4

Equipment and Tools(list): Provided inthe docu-
ment

Data Forms: Not provided
K ey Refer ences. Page 24 of the document



Document No.: 56

Protocols for Evaluation and
Monitoring of Stream/Riparian
Habitats Associated with Aquatic
Communities in Rangeland Streams

Citation: Burton, T.A., G.W. Harvey, and B.C.
Wicherski. 1991. Protocolsfor Evauationand
Monitoring of Stream/Riparian Habitats Associated
with Aquatic Communitiesin Rangeland
streams|daho Department of Health & Welfare,
Divisonof Environmenta Quality, Water Quality
Bureau. Boise, Idaho. 31 pp. + appendices.

DRAFT

WATER DU LITY BIRITORMNG FROTOCDLS - REPORT MO. 4

PROTOCOLS FOR EVALUATION AND
MONITORING OF STREAM/RIPARLAN
HABITAT ASSOCIATED WITH
AQUATIC COMMUNITIES IN
RAMGELAND STREAM

Prepaned by:

Tamothy & Buran
Ervin Cowday

Gaalfrey W, Harwey
amdd

Bruce Wicherski

|daho Cepariment of Health and Weltare
Diviion af Ermviransnentsl Quality
‘Watesr Quadity Bureau
14790 M. Hitton
Bosa, ldaha BXTHE-1253

February, 1951

Sour ce: |daho Department of
Environmentd Quality
1410 N. Hilton Street
Boise, ID 83720
Phone: (208) 373-0502
Internet; http://mwww2.gtate.id.us/deq

Abstract: Thisdocument discussestypesof degra-
dation associated with rangeland uses, describesa
“dratified-systematic” monitoring design, and
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provides protocolsto measure different parameters
associated with thewater column, streambank/
channdl, andriparian vegetation. Sitesdectionis
based onaninitia hierarchica Sratification of
stream “sub-areas’ based on natural factors, land
use, and sampling requirements. Withinhomog-
enous“ sub-areas’, areach representative of the
“sub-ared’, intermsof pool andriffledengty, is
chosenfor monitoring.

Monitoring protocolsfor parameters
associated with thewater column, streambank/
channdl, and riparian vegetation are described.
Water column variablesincludewater temperature,
nutrients, bacteria, other indicatorsof chemical
pollution, and streamflow. Streambank/Channel
variablesinclude streambank stability, undercut
streambank, rearing habitat, and substrate sedimen-
tation. Riparianvegetation variablesinclude
greenlinevegetation ecological status, woody
regeneration, and soil compaction. Evauation
methods of status and trends associated with each
variableare discussed.

Target Application: Management & Research

Suitablefor Volunteers: Yes, if supervised by
experienced personnel

Training Required: Yes
Available: No

M onitoring Focus: Thisdocument hasbeen

devel oped to define the appropriate parametersand
outline specific protocolsfor monitoring and evalua
tionintheagriculturewater quality program.

Geogr aphic Scale: Streamreach
Methods: Field
Level of DataQuality: Level 4

Equipment and Tools(list): Providedinthe
document

DataForms. Formsfor al variablesare provided
Examplesof Filled-in Data Forms: Not provided
K ey References: Pages 27-31 of the document



Document No.: 57

Stream Biological Assessments
(Benthic Macroinvertebrates) for
Watershed Analysis; Mid Sol Duc

Water shed Case Study

Citation: Plotnikoff, R. 1998. StreamBiologica
Assessments (Benthic Macroinvertebrates) for
Watershed Analysis; Mid-Sol Duc Watershed Case
Study. Washington State Department of Ecology,
Environmental Assessment Program. Olympia,
WA. Publication No. 98-334. 37 pp.

Stream Biological Assesaments
{(Benthic Maoeinverichraies) for
Walershed Analysis

Aid-5Sol Duc Watershed Case Stady

Fukdi wlem s 55

= Frieid mn Faoyehel Papsr

Sour ce: Washington Department of Ecology
Environmentd Investigations
and Laboratory ServicesProgram
Olympia, Washington 98504-7710
Copiescan be obtained at:
Department of Ecology
Publications
PO. Box 47600
Olympia, WA 98504-7600
Phone: (360) 407-7472
[ nternet: http://Aww.ecy.wa.gov

Abstract: A method wasdeveloped for surveying
current biologica conditionsinawatershed and
interpreting theresults. Thebiologica condition of
five streamswas compared to severa watershed
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scaleassessments.

Benthic macroinvertebrate communities
wereeva uated using biometricanalyssandsite
condition wasdetermined using diagnogtic flow
charts. Thesurvey of benthic macroinvertebrates
identified three categoriesof risk fromfurther
changesto current watershed condition. Biological
responsesto temperature and sediment condition
wereidentified asinfluentia physical feasturesto
macroinvertebratesin thiswatershed.

Minor impairment to thebiological commu-
nity wasidentified at Steswherephysical changesto
the stream werenot obvious. Macroinvertebrate
surveysinfive stream settingswere ableto describe
thevulnerability of stream biotaand thephysical
variablesthat would further degradethecommunities.
Thismanud adsoindudesanitemized cost for the
project in Appendix C of theprotocol.

Target Application: Management
Suitablefor Volunteers? No

Training Recommended: Yes. TwolevelsEduca
tionaswell assubstantial amount of field experience
arerecommended:
Level 1: Bachelor’sdegreein aquatic
entomology or ecology, or inarelatedfield
such asfisheries, science, zoology, etc.
Level 2: Master’sDegreein aquatic
entomology or ecology, or inarelated field.

Monitoring Focus. Surveying current biological
conditionsof awatershed by anadyzing the benthic
macroinvertebrate community. The methodsfocus
on physica stream channel conditions, riparian
conditions, and thetype and quantity of available
food.

Geogr aphic Scale: Watershed

Methods: Office& Field

Level of DataQuality: Level 3

Equipment and Tools(list): Not provided

Data Forms. Appendix A of thedocument
Examplesof Filled-in Data Forms: Not provided
K ey Refer ences: Pages 35-37 of the document



Document No.: 58

Methods for Collecting Benthic
Invertebrate Samples as Part of the
National Water-Quality Assessment

Program

Citation: Cuffney, T., M. Gurtz, and M. Meador.
1992. Methodsfor Collecting Benthic Inverte
brate Samplesas Part of the National Water
Quality Assessment Program. United States
Geological Survey, Nationa Water-Quality Assess
ment Program. Open-File Report 93-406.

METHODS FOR COLLECTING BENTHIC
INVERTEBRATE SAMPLES AS PART OF
THE NATIOMAL WATER-QUALITY
ASSESSMENT PROGRAM

U A iyl Sy

Qg Siw Bmoen Bl

Source: U.S. Geologica Survey

Earth Science and Information Center

Open-File Reports Section

Box 25286, MX 517

Denver Federal Center

Denver, CO 80225
Alsoavailableonlineat: http://water.usgs.gov/
nawaa/protocol OFR-93-406/inv].html
For additiona informationwriteto:

Didtrict Chief

U.S. Geologica Survey

3916 Sunset Ridge Road

Raleigh, NC 27607
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Abgtract: Benthicinvertebratecommunitiesare
characterizedinthe United States Geologicd Survey's
Nationa Water-Quality Assessment (NAWQA)
Programaspart of anintegrated physicd, chemicd,
and biological assessment of thenation’swater quality.
Thismultidisciplinary approach providesmultiplelines
of evidencefor eva uation water-qudity atusand
trends, andfor refining our understanding of thefactors
that control water quaity. Thisisaccomplished by
integrated, multi-year sampling & Steschosento
represent combinationsof natura and anthropogenic
factorsthat areimportantininfluencingwater qudity,
locally, regiondly, and nationdly.

Eachsamplingreechischaracterizedusnga
combination of quditativeand quantitativesamples.
Quditativesamplescollect benthicinvertebratesfrom
asmany of the51 in stream habitat typesasare
presentand blewithinthesampling reach.
Quantitativesampling isused to measurecommunity
Sructure, expressed asre ative abundance of eech
taxon, within sandardized habitat types.

Suitablefor Volunteers? No

M onitoring Focus: Thesampling methodsand
procedures presented here areintended to give
guidanceto study-unit biologists collecting benthic
invertebratesas part of the USGS' sNAWQA
Program. Varioussamplecollection techniques,
equipment, and dataforms are presented for use at
bas cfixed sampling Sites.

Geogr aphic Scale: Thecommunitiesand habitat
conditionsare characterized within the study length
of astream and arereferredin thismanua asthe
“sampling reach.” Thisapproach providesacom-
mon spatia scale upon which to assesscommunity
and habitat characteristics.

Methods: Field
Level of DataQuality: Level 2& 3

Equipment and Tools(list): Nolist, but thereare
illustrated exampl esof invertebrate sampling equip-
ment.

Data Forms. Providedin each section
Examplesof Filled-in Data Forms. None

K ey Refer ences: Page 62-66 of the document



Document No.: 59

Monitoring Protocols to Evaluate
Water Quality Effects of Grazing
Management on Western Rangeland
Streams.

Citation: Bauer, S., and T. Burton. Monitoring
Protocolsto Evaluate Water Qudity Effectsof
Grazing Management on Western Rangeland
Streams. EPA 910/R-93-017. |daho Water
Resources Research Ingtitute, University of Idaho.
Moscow, ID. 179 pp.
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] Evaluate Ydater Cuality
n Effecis of Grazin

Management on Wesiern

Ranpeland Sireams

Source: |daho Water Resources Research
Indtitute

University of Idaho

Moscow, | daho 83843

and

U.S. Environmental Protection Agency
Region10

1200 Sixth Avenue

Sesttle, Washington 98101

Abstract: Thisdocument describesamonitoring
systemto assessgrazing impactson water quality in
streams of thewestern United States. The proto-
colswere devel oped to assesswater quality im-
provement resulting from stream restoration projects
funded under the Clean Water Act Amendments of
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1987 and the Coastal Zone Management Act as
amended in 1990. The monitoring methodswere
selected for application by natural resource profes-
sonastypicdly involvedintheseprojects. This
includesresource professiona swith backgroundsin
soils, range, hydrology, fisheriesbiology, and water
qudity.

A goal for thisproject isto describe meth-
odsthat are easy to useand cost-effective. Thisis
achieved by usng methodsthat reduce sample
frequency, minimizethe need for specidized equip-
ment, and reduce costly laboratory analyses.

Target Application: Management

Suitablefor Volunteers? No; the procedures
outlined inthismanud requireaninterdisciplinary
teamwith killsinriparian plant identification,
fisheries, habitat assessment, stream typeand soils
classfication.

Training Recommended: Yes

Monitoring Focus. Assessment of grazingimpacts
onwater quality in streamsof thewestern United
States. Thefocusisprimarily on attributes of the
stream channdl, stream bank and streamsidevegeta
tion of wadabl e streams, which are sampled during
thelow flow conditionsinthesummer

Geogr aphic Scale: Sub-basin, basin, stream
reach, project site

Methods: Office& Field
Level of DataQuality: Levels3& 4

Wheredoesthedatago? Statewater quality
agencies, Soil Conservation Digtricts, USDA Sail
Conservation Service, USDA Forest Service,
USDI Bureau of Land Management, tribes, and
other state and federal agencies.

Equipment and Tools(list): Included at the end of
each section describing aparticular protocol.

Data Forms: Included at the end of each section
describing aparticular protocol.

Examplesof Filled-in Data Forms: Not provided

Key References: At theend of each section and
pages 170-179.
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The Relationship Between Stream
M acr oinvertebrates and Salmon in the
Quilceda Allen Drainage

Citation: Plotnikoff, R. , and J. Polayes. 1999.
Biological Assessment of Quilceda/Allen Drainage:
Samon Use & Stream Macroinvertebrates. Wash
ington State Department of Ecology, Environmental
Assessment Program. Olympia, WA. Publication
No. 99-311, 20 p. + appendices.

The Kelationship Between
Stream Macroinvertebrates and

Sabmon in the Cailceda Allen Drainnge

Sour ce: Washington State Department of Ecology
Environmental Assessment Program
Olympia, Washington 98504-7710

Copiescan be obtained at:

Department of Ecology

Publications

P.O. Box 47600

Olympia, WA 98504-7600

Phone: (360) 407-7472
Availablein pdf format at: http://
WWW.ecy.wa.gov/programs/eap/fw_benth/

fwb_pubshtml
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Abstract: Stream macroinvertebrateswere sur-
veyed at severd reachesinthe Quilceda/Allen
drainageto establishtheir valueasanindicator of
stream quality for salmon use. Four benthic samples
were collected each from riffleand pool habitat.
Quantitative phys cal measurements, dongwith
water quality measurements, were made of the
stream channdls. High quality biologica conditions
werefound at siteswheretheriparian corridor was
visualy intact. Thesesiteshad ahigh percentage of
coarsegravel and cobble-sized stream bottom
subgtrate. Additionally, canopy shadingwasrelated
tobiologica condition of stream macroinvertebrate
communities. Coho salmon (Oncorhynchus
kisutch) useisnot reported to occur in stream
reachesthat were severely degraded, physically and
chemically. Theresponseby the macroinvertebrate
community to channel degradati on was coincident
with changesin reported slmon use.

Tar get Application: Management
Suitablefor Volunteers? No

Monitoring Focus: Providing abaselinefor
determining trendsin the basin; determining the
availability of food organismsfor sadmonover a
range of land uses, investigate the association
between biological measuresand known water
quality probes, gather information that can be used
inconvincing public officia sof theneed of action.

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Field

Level of DataQuality: Levels2& 3

Equipment and Tools(list): Not provided

Data Forms. Appendix A of thedocument
Examplesof Filled-in Data Forms. Not provided
K ey References: Pages 19-20 of the document
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Taxonomic Laboratory Protocol for

Stream M acroinvertebrates Collected

by the Washington State Department
of Ecology

Citation: Plotnikoff, R., and J. S. White. 1996.
Taxonomic Laboratory Protocol for Stream
Macroinvertebrates Collected by the Washington
State Department of Ecology. Washington State
Department of Ecology, Environmental Assessment
Program. Olympia, WA. Publication No. 96-323,
32 p. + appendices.

Taxonamic Laboaratory Protocol for Stream
Macroinvertebrates Collected by the
Washington State Department of Ecology

Joimr liag

Pubshs wien Fe 0F 123
o Prmied on Fece bl Papex

Sour ce: Department of Ecology
Publications
P.O. Box 47600
Olympia, WA. 989504-7600
Phone: (360) 407-7472
| nternet: hitp:/Awww.ecy.wa.gov

Abstract: TheWashington State Department of
Ecology (Ecology) isengagedin collectionand
storage of biologica datafrom Washington State's
surfacewaters. Biologica datacollectionis, inpart,
intended to be used for delineating tempora and
spatia distribution patternsaswell asestablishing
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biocriteria. Thelongterm programgod istodevelop
adiagnostictool for determining theconditionand
sourceof degradationinthegtate' saguatic systems.
Ecology’saguaticinvertebrate biological assessment
program and other related monitoring programsin
theagency consst of several components: field
collection, sampleprocessing, organismidentifica-
tion, datastorage/anaysis, and interpretati on of
results. Protocolsthat standardize methodsfor each
component hel p assure consi stent and comparable
resultsbetween projects. Standardized field collec-
tion protocol sand sampl e processing protocols
have aready been described in other Ecology
quality assurance project plans(Merritt, 1994,
Potnikoff, 1994).

Thetaxonomic laboratory protocol provides
guidancefor cond stent aguatic macroinvertebrate
(invertebrate) identifications. Consistency between
taxonomists and between proj ectsenhances com-
parability of taxonomic effort.

Target Application: Management & Research

Suitablefor Volunteers: Yes, withtrainingand
upervison.

Training Recommended: Yes
Available: Limitedtrainingavailable
Where: The Xerces Society
4828 SE Hawthorne Blvd
Portland OR 97215-3252
Phone: (503) 232-6639
Fax: (503) 233-6794
Genera E-mail: xerces@tel eport.com

I nternet: hitp://www.xerces.org/aguatic.htm

Monitoring Focus. Water-quality based on stream
macroinvertebrate assemblages

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Laboratory

Level of DataQuality: Levels3& 4
Equipment and Tools(list): Not provided

Data Forms: Not provided

Examplesof Filled-in Data Forms: Not provided
K ey References: Page 28 of the document
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Fish Habitat Rehabilitation
Procedures

Citation: Stanley, P A.,and D. Zaldokas. 1997.
Fish Habitat Rehabilitation Procedures. Watershed
Restoration Technical Circular No.9. Watershed
Restoration Program. Ministry of Environment,
Landsand Parks. Vancouver, B.C.

Sour ce: Water shed Restoration Program
Ministry of Environment, Landsand Parks
2204 ManMall,UBC
Vancouver, BCB6T 174
To order call: (250) 952-4460

Abstract: Thismanua focuseson riparian habitat
rehabilitation techniquesfrom amanagement pro-
spective. Therehabilitationtechniquesfollow and
introduction section, inwhich planning of stream
restoration projectsisdiscussed indetail includinga
practical methodology to theimplementation of a
multi pleaccount eva uation framework for screening

128

watershed rehabilitation projects. The habitat
rehabilitation sectionisfull of illustrated examples
and includes cost of the discussed projects. Chap-
tersin thissection providethetechnical basisfora
suite of integrated restorative measuresto accelerate
natural recovery processinforested watershed
impacted by past practices. Theauthorsstressthe
importanceof training and skillsdevelopment
initiatives, aswell aseffectivemonitoring techniques.
Included are 8 published guides (or technical
circulars) that provided technical standardsfor
aguatic ecosystem restoration. Examples of some of
thecircularsare: watershed assessment procedures,
riparian assessment and prescription procedures,
channel condition assessment and prescriptions, fish
habitat assessment procedures, fish habitat rehabili-
tation procedures.

Suitablefor Volunteers: Yes, if supervised by
experienced personnel or with appropriatetraining.

Training Recommended: Yes

Monitoring Focus. Thisguidefocuseson recovery
of structura diversity and nutrient sourcesleading to
restoration of aquatic communitiesand biodiversity
of disturbed areas. Attributescoveredinthisguide
include: stream channel rehabilitation, fish passage,
bank stabilization, nutrient subsidy, macrohabitat
classfication, and gravel rehabilitation.

Geographic Scale: Sub-basin, basin, stream
reach, project site

Methods: Office& Field
Level of Data Quality: Level 3

Equipment and Tools(list): Some equipment
requirementsarediscussed in afew chapters

DataForms: Not applicable

Examplesof Filled-in Data Forms: Not appli-
cable

K ey References: PagesR1-17 of the document
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An Assessment Methodology for
Deter mining Historical Changes in
Mountain Streams

Citation: Smelser, M. G. and J. C. Schmidit.
1998. An assessment methodol ogy for deter-
mining hitorical changesin mountain sreams.
Genera Technical Report RMRS-GTR-6. Fort
Collins, CO: U.S. Department of Agriculture,
Forest Service, Rocky Mountain Research
Station. 29 pp.

- An Assessment Methodology
for Determining Histarical
Changes in Mountain Streams

Sour ce: Publications Distribution
Rocky Mountain Research Station
3825 E. Mulberry Street
Fort Collins, CO 80524-8597
Phone: (970)-498-1719
FAX: (970)-498-1660
E-mail: rschneider/rmrs@fs.fed.us

Abstract: Successful management of water in
mountain streamsby the USDA Forest Service
requiresthat thelink between resource devel op-
ment and channel change be documented and
quantified. Thecharacteristicsof that linkageare
unclear and the adjustability of these streamsto
land-use and hydrol ogic change hasbeen
arguedin court. Oneway to quantify the
adjustability of astreamisto examineitsgeo-
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morphic history. Anexcellent source of historic
geomorphic dataaretherecordsassociated with
stream gaging stations maintained by theU.S.
Geologicd Survey. Thisreport describeswhat
recordsareavailable, how to organizethe dataon
computer spreadsheets, and discusses 6 techniques
that quantify thespatial and temporal magnitude of
historic channel adjustments. Thedischarge mea
surementsinclude phys cal measurementsof the
channel. In particular, USGS discharge measure-
mentsinclude physca measurementsof thechannel.
Inanalyzing these measurementscollectively, itis
possibleto quantify monthly, annual, and decada
scalesof adjustment. Oncethe history of channel
adjustment isdetermined, it can be compared to
historiesof climate change, flow regulation, andland
use. Thesecomparisonsmay link thegeomorphic
adjustmentsto particular patterns, events, or activi-
ties. Resource managers can usethisknowledgeto
better assessthe ramificationsof resource devel op-
ment, land use, and restoration effortson mountain
stream systems.

Target Application: Management & Research
Suitablefor Volunteers: No

M onitoring Focus: Thegeomorphic history of
mountain streamsre ativeto historiesof climate
change, flow regulation, andland use

Geographic Scale: Sub-basin

Methods: Office& Field

Level of DataQuality: Levels2& 3
Equipment and Tools(list): None

Data Forms: Not provided

Examplesof Filled-in Data Forms. Not provided
K ey References: Page 28 of the document




Document No.: 64

Channedl Classification, Prediction of
Channel Response, and Assessment of
Channdl Condition

Citation: Montgomery, D. R., and J. M. Buffington.
1993. Channel Classification, Prediction of Channel
Response, and A ssessment of Channel Condition.
Report TFW-SH10-93-002. SHAMW Committee
of the Washington State Timber/Fi sh/Wildlife Agree-
ment. 84 pp.

CHLAHNTL. T ARSITC A bk, (LML THPS 08 PHANNEL MEs sl
HNT ARECEIMI L LILUMIL. TP

Ay
Lasii b oo e By

&EW1LD), TF"F

Jeni 3, Towy

Sour ce: SHAMW Committee of the Washington
State Timber/Fsh/WildlifeAgreement.

Abstract: Addressing concernsover environmental
degradation requiresstrategiesfor ngland
management impact on landscapesand ecosystems.
Watersheds provide natural land management units
because their boundaries coincidewith those of
natural precesses. Changesinwatershed processes
candter fluvia systems. At present, however,
prediction of stream channel reponseto land use
and disturbanceisawesk link in watershed assess-
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ment methodol ogi es, because channel processes
areeither poorly represented or viewedinisola-
tionfromtherest of thewatershed. Thismanual
proposes a process based classification of land-
scapeand channel formthat providesafoundation
for interpreting channel morphol ogy, ng
channel condition, and predicting responseto
natura and anthropogeni ¢ disturbances.

Thisprotocol focusesmainly onthevalley
segment and channel reach levels. It discussesthe
theoretica basisfor possible channel responses
and reviews previouswork on measuring and
predicting channdl change. It then synthesizes
previousstudiesof channel processesintoa
channd classficationthat illustrateshow different
portionsof drainage basin function and respond to
perturbations. Thisclassification providesa
framework for both studying watershed processes
and drainage basin evol ution and assessing channel
condition and response potential.

Tar get Application: Management
Suitablefor Volunteers: No

Monitoring Focus:

1) macrohabitat classfication,

2) classification and assessment of channels,
3) stream morphology

Geogr aphic Scale: Watershed

Methods: Office

L evel of Data Quality: Level 3
Equipment and Tools(list): Not applicable
Data Forms: Not applicable

Examplesof Filled-in Data Forms. Not
applicable

Key Refer ences: Page 67 of the document
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Automated Water Quality Monitoring

Citation: Ministry of Environmental Lands, and
Parks. Water Management Branch for the Aquatic
Inventory Task Force. Automated Water Quality
Monitoring. 1999. Automated Water Quaity
Monitoring. 61 pp.

R oo Iy entory Commities Hama

Resources Inventory Committee

Automated Water Quality Monitoring
Field Manual

Ministry of Environment Lands, and Parks
\Water Management Branch
for the Aguatic Inventory Task Force
Resource Inventory Committee

June 8, 1999
Version 1.0

Sour ce: Ministry of Environmental Lands, and
Parks. Water Management Branch for the
Aquatic Inventory Task Force.
Copiescan be obtained from:
Government Publications Centre
Phone: (250) 387--3309
Toll free: 1-800-663-6105
Fax: (250) 387-0388
Availablein pdf format at:_http:/
www.for.gov.bc.calric/pubs/aguatic/
waterqual/index.htm

Abstract: The proceduresoutlinedinthismanual
represent acompilation of material from various
agenciesand individua sworking intheareaof
automated water quality monitoring.

Thisfield manual addressestheminimum
requirementsfor the establishment and operation of
reliable automated water quality monitoring pro-
gram.

Theintent of thismanud isto aid field staff
in devel oping an automated monitoring station and
collecting reliable, representativedata. Discrete
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sampling protocolsfor ambient freshwater are not
addressed in thismanual . Subjectssuch assample
containers, preservation techniques, safety mea:
sures, etc. areonly briefly discussed inthismanual.
Among topicscoveredinthismanual are: site
selection, training, operationa considerations
(personnd, responsihilities), equipment testing, QA/
QC, documentation, and and datamanagement.

The proceduresoutlinedinthismanua are
the most acceptable ones used at present.

Tar get Application: Management
Suitablefor Volunteers: No
Training Recommended: Yes

Monitoring Focus: Thismanual focueson auto-
mated water quaity/water chemistry monitoring.
Protocolsinclude: turbidity, conductivity, and water
temperature.

Geogr aphic Scale: Can beapplied at al scales.
Methods: Field
L evel of Data Quality: Level 2

Equipment and Tools(list): Genera checklistin
Appendix 3 of the document

DataForms: Appendix 2 of the document

Examplesof Filled-in Data Forms: Not provided

Key References. Pages 5, 17, 35 of the docu-
ment
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Processing, Taxonomy, and Quality
Control of Benthic M acroinvertebrate
Samples

Citation: Moulton, S.R. 11, J. L. Carter, S. A.
Grotheer, T. F. Cuffney, and T. M. Short. 2000.
Methodsof anaysisby theU.S. Geological Survey
National Water Quality Laboratory —processing,
taxonomy, and quality control of benthic
macroinvertebrate samples. U.S. Geological Survey
Open-File Report 00-212, Denver, CO. 49 pp.

Medhods of Anabysiz by the IS Gealogioal Sarvey
Sational Water Oeality Laboratory—Processing
Tamonemy, asd Baaliy Cantenl ol Bearkic

W mcrpinveriabealn Sasiples

Dzer-tik Raperi 13-172

Source: U.S. Geologica Survey
Information Services
Box 25286, Mail Stop 417
Denver Federa Center
Denver, CO 80225-0286

Abstract: Qualitativeand quantitative methodsto
process benthic macroinvertebrate (BM1) samples
have been devel oped and tested by the U.S.
Geological Survey’sNational Water Quality Labo-
ratory Biologica Group. Thequdlitative processing
method isbased on visually sorting asamplefor up
to 2 hours. Sorting focuseson attaining organisms
that arelikely to result in taxonomic identificationsto
lower taxonomic levels(for example, genusor
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species). Immatureand damaged organismsarealso
sorted whenthey arelikely toresultin unique
determinations. Thesorted sampleremnantis
scanned briefly by asecond person to determineif
obvioustaxawere missed.

The quantitative processing method isbased
on afixed-count approach that targets some mini-
mum count, such as 100 or 300 organisms. Organ-
ismsare sorted from randomly selected 5.1- by 5.1
centimeter partsof agridded subsampling frame.
The sorted remnant from each sampleisresorted by
asecondindividual for at least 10 percent of the
origina sorttime. A large-rareorganismsearchis
performed on the unsorted remnant to sort BMI
taxathat werenot likely represented in the sorted
grids.

After either quaitatively or quantitatively
sorting thesample, BMIsareidentified by usng one
of threedifferent typesof taxonomic assessment.
The Standard Taxonomic Assessment iscompa:
rabletotheU.S. Environmenta Protection Agency
Rapid Bioassessment Protocol 111 and typically
providesgenus- or species-level taxonomic resolu-
tion. The Rapid Taxonomic Assessment iscompa:
rabletotheU.S. Environmenta Protection Agency
Rapid Bioassessment Protocol 11 and provides
Family-level and higher taxonomicresolution. The
Custom Taxonomic Assessment provides species-
level resolutionwhenever possiblefor groups
identified to higher taxonomic levelsby usngthe
Standard Taxonomic Assessment. Theconsistent
useof standardized designationsand notesfacilitates
theinterpretation of BMI datawithinand among
water-quality studies. Taxonomicidentificationsare
quaity assured by verifying al referenced taxaand
randomly reviewing 10 percent of thetaxonomic
identificationsperformed weekly by Biologica
Group taxonomists. Taxonomic errorsdiscovered
during thisreview are corrected.

BMI dataarereviewed for accuracy and
completenessprior torelease. BMI dataarere-
leased phylogenetically in spreadsheet format and
unprocessed abundances are corrected for labora-
tory and field subsampling when necessary.

Target Application: Management & Research
Suitablefor Volunteers: No



Training Recommended: Yes

Monitoring Focus. Water-quality based on
benthic macroinvertebrate assemblages

Geogr aphic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Laboratory

Level of DataQuality: Levels3& 4

Equipment and Tools(list): Page 3 of the docu-
ment

Data For ms: Page5 of the document

Examplesof Filled-in Data Forms: Not pro-
vided

K ey References: Page 31 of the document
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Fish Field and Laboratory Methods for
Evaluating the Biological Integrity of
Surface Waters

Citation: Klemm.D., J., Q. J. Stober, and J. M.
Lazorchak. 1993. Fish Field and L aboratory Meth-
odsfor Evaluating the Biological Integrity of Surface
Waters. EPA/600/R-92/111. U.S. Environmental
Protection Agency. Environmental Monitoring
System Laboratory. Cincinnati, Ohio. 348 pp.

Fish Field and
Laboralory Mathods for
Evaluating the Biolagical

Integrty of surface Walers

Sour ce: U.S. Environmenta Protection Agency
Environmental Monitoring System L aboratory
Cincinneti, Ohio 45268

Abgtract: Thismanua containsbiocriteriaand
describes guidelinesand standardizes methodsfor
usingfishinevauating thehedth and biologica
integrity of surfacewatersand for protecting the
quality of water resources. Included are sectionson
quality assuranceand quality control procedures,
safety and health recommendations; fish collection
techniques; specimen processi ng techniques; identifi-
cation and taxonomic references; fish age, growth,
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and conditionsdeterminations, datarecording;
length -frequency; length-age conversion; annulus
formulation; relativeweight index; fleshtainting; fish
kill investigation; bioassessment protocolsfor use
instreamsassessment; guidelinesfor fish sampling
and tissue preparation for bioaccumulative con-
taminants; and an extensivebibliography for
fisheries

Tar get Application: Management

Suitablefor Volunteers? No

Training Recommended: All personnel needto
have adequate education, training, and
experienceintheareasof their technica
expertise, respong bilities, andinquaity
assurance. Recommended periodic assess-
ment of thetraining needs of the personnel
engaged in QA and support their participa-
tioninrelevant seminars, training courses,
and evaluation/certification programs.
Available: Yes. Onthejobtraining.
Where: Regional EPA agencies

M onitoring Focus. Using fish asindicators of
ecosystem hedlthand evauating thebiological
integrity of surfacewatersand protecting quality
water resources.

Geographic Scale: Basin, sub-basin, stream
reach, project site.

Methods. Field& Laboratory
Level of DataQuality: Levels3& 4

Equipment and Tools(list): Section4, Sample
Callectionfor Anaysisof the Structure and Func-
tion of Fish Communities, Table 3, General Check-
list of Fish Field Equipment and Supplies.

Data Forms: Provided in the appropriate sections
of the document.

Examplesof Filled-in Data Forms. Sample
Report Summary on page 286-288 of the
document.

Key References. At the end of each sectionand
genera reference section on pages 305-348 of the
document.



Document No.: 69

Guidance for Conducting Water
Quality Assessments and Water shed
Characterizations Under the Nonpoint
Rule

Citation: Coots, R. (editor). 1995. Guidancefor
conducting water quality assessmentsand water-
shed characterizationsunder the Nonpoint Rule
(Chapter 400-12 WAC). Publication No. 95-307,
Washington State Department of Ecology, Environ-
mental Investigationsand Laboratory Servicesand
Water Quality Programs, Olympia, WA. 76 pp.
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Sour ce: Department of Ecology
Publications Didtributions Office
P.O. Box 47600
Olympia, WA 98504-7600
Phone: (360) 407-7472
| nternet: http://www.ecy.wa.gov

Abstract: Thisguidanceisbased on the procedures
and requirements of Chapter 400-12 WAC. It
provideswatershed management committeeswith
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information onthewater quality assessment compo-
nents of the action plans (Chapter 400-12-
515(2)(c)(iv)). It makesrecommendationsfor using
water quality monitoring asatool to meet immediate
and long-term watershed management obyjectives.
Thisguidance manua will enable devel opment of
sound monitoring programsby directing water
quality managersto resourcesfor datacollection
and recording.

Amongtopicsdiscussedinthemanual are:
QA/QC activities, study design, equipment needs
and budget, datasummaries, analysis, and manage-
ment, and long-term monitoring aspectsof water-
shed management, riparian corridor assessment, and
land use characterization.

Target Application: Management
Suitablefor Volunteers: No

Monitoring Focus: Development of water quality/
water chemistry, monitoring program at thewater-
shedleve.

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Office& Field

Level of DataQuality: Level 4

Equipment and Tools(list): Not provided

Data Forms: Not provided

Examplesof Filled-in Data Forms: Not provided
K ey References: Page 33 of the document
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_ ! fiddinclude: temperature, pH, dissolved oxygen,
Sampling Protocols for River and specific conductivity, and barometric pressure,

Stream Water Quality Monitoring -  Parametersthat are measured at thelaboratory
DRAFT include: ammonia—N (NH,), enterococci, fecal
o : _ coliform, nitrate + nitrite (NO, + NO,), orthophos-
Citation: War_d, B. (editor), B Hopkins, D. phate (dissolved), total persulfate nitrogen (TPN),
Hallock, C. Wiseman, R. Plotnikoff, and W. total phosphorous (TP), total suspended solids, and
Ehinger. 2001. Stream sampling Protocolsfor the turbidity.
Environmental Monitoring and Trends Section. Preparationfor sampling runsisoutlined as

Weshington State Department of Ecology Environ-\yg| asfield proceduresfor sampling personnel. The

mental Ass_&esment Program. Olympia, WA. 31 pp. sampling procedure, atypica sampling routine, and

and appendices. field processing of samplesareoutlined in step by
step format.

Target Application: Management & Research
Suitablefor Volunteers: No

% Training Recommended: Yes

? Available: Limitedtraining availablefor
b maroa g Department of Ecology employees
ECOLOGY Where: Department of Ecology

Monitoring Focus. Water quality of riversand
Stream Sampling Protocols for the dreams
Emvironmental Yonitoring and Tremds . ) .
Sectbon Geographic Scale: Basin, sub-basin

Methods. Office& Field
Level of DataQuality: Level 4

Agasst 2081 Equipment and Tools(list): Appendix A of the
document.
e e eceied peer Data Forms: AppendicesB-F of the document
L4

Examplesof Filled-in Data Forms. Not pro-
vided

K ey References: Page 30 of the document

Sour ce: Department of Ecology Publications
DidributionsOffice
PO. Box 47600
Olympia, WA.. 98504-7600
Phone: (360) 407-7472
E-mail:_ecypub@ecy.wa.gov
| nternet: http://www.ecy.wa.gov

Abstract: Thisdocument providesbackground
information on the Department of Ecology’slong-
term river and stream monitoring program that was
begunin 1970. Parametersthat aremeasuredinthe
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Coastal/Marine Fish Habitat
Description and Assessment Manual

Citation: Williams, G. L. 1989. Coastal/Marine
Fish Habitat Description and Assessment Manual.
Part 1. Habitat Description Procedures. G.L.
Williams& AssociatesLtd. Coquitlam, B.C.38 pp
+ appendices.
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Sour ce:
Department of Fisheriesand Oceansand
PecificRegion
Habitat Enhancement Branch
Suite 400-555 West Hastings St.
Vancouver, B.C., V6B 5G3
Contact: Joanne Day
Phone: (604) 666-6614

Abstract: Theintention of thisdocument isto
develop marineforeshore and on-site habitat
description and assessment eva uation manual for
the Department of Fisheriesand Oceans (DFO).
Theoveral objectiveof thismanual wasto
develop practical, cons stent and ecol ogically based
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proceduresfor conducting through and cons stent
habitat assessmentsin the Pacific Regionto ensure
that the habitats of ecologically and economicaly
important fisheriesspeciesare conserved. The
manual consistsof three parts: species/habitat
outlinesfor 49 speciesimportant to thecommercia
gport and nativefisheries, specieshabitat references
appendix, habitat description proceduresmanual,
and discussion paper on habitat eval uation proce-
dures. The procedures address nearshore habitats
extending from the backshore or uplandtothe20 m
subtidal depth (below low water).

Target Application: Management
Suitablefor Volunteers: No

Monitoring Focus: Development of classification
systemfor marineand estuarinefish habitat integrat-
ing physical and biological characteristics. Among
the specific objectivesareto utilizeto agreat extent
existing databasestoincorporate biophysical
relationshipsin the evaluationsand have asound
technical bassinthescientificliterature. Thisdocu-
ment focuseson thefollowing attributes:
macrohabitat classification, general vegetation, and
biomonitoring of macroinvertebratesandfish
communities

Geogr aphic Scale: marine, nearshore, estuary
Methods: Office& Field

Level of DataQuality: Level 3

Equipment and Tools(list): Not provided
Data For ms. Pages 26-28 of the document

Examplesof Filled-in Data Forms. Page 40-42
of protocol; Also provided are photographscorre-
sponding to agiven habitat classified inthe docu-
ment

K ey References: Page 37 of the document
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Idaho River Ecological Assessment
Framewor k

Citation: Grafe, C. S., editor. 2000. Idaho River
Ecologica Assessment Framework: an Integrated
Approach. |daho Department of Environmental
Qudlity. Boise, Idaho.

ldaho River Ecological
Assessment Framewoark

Sour ce: 1daho Department of Environmenta Quadlity
1410N. Hilton
Boise, |daho 83706
Phone: (208) 373-0502
Availableonlineat: www2.state.id.us/deq

Abgract: Thismanud useshiologicd indicators,
phys cochemicd dataand numericwater quaity
criteriato assessaguaticlifeusesupport for rivers. The
intent of thisdocument isto providedetalledtechnica
informetion concerningthedeve opment and integra:
tionof theRiver Macroinvertebratendex (RMI),
River FishIndex (RFI), River Diatom Index (RDI),
and River Physicochemicd Index (RP1) usedinthe
aqudiclifeusesupport determination.

Theldaho Department of Environmental
Qudity (DEQ) devel oped aseparate
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bi oassessement for riversbecausebiologica
communitiesnaturaly changeasstreamsizein-
creasesfrom headwatersto mouth. Also, practical
sampling and safety cond derationsmake biologica
Further, larger systemshavehighly variablebiol ogi-
ca and physical propertieswith often extensive,
complex humanimpactsthat requireamuch larger
scopeof analysis. DEQ appliestheriver ecological
assessment approach based on resultsfrom three
water body sizecriteria: stream order, width, and
depth. In genera, theriver methodisapplied to
water bodiesthat have an averagewater body size
criteriarating of greater than or equal to 1.3.

Target Application: Management & Research
Suitablefor Volunteers? No

M onitoring Focus: Providedetailed and technical
information concerning thedevel opment of the
River Macroinvertebrate Index, River Fishindex,
River DiatomIndex, and River Physicochemical
Index used in determination of aquaticlifeuse
supportinldaho’srivers.

Geogr aphic Scale: Thismethodisappliedto
water bodiesthat have an averagewater body size
criteriarating of greater than or equal to 1.3.

Methods: Office

L evel of Data Quality: Level 3
Equipment and Tools(list): Not applicable
Data Forms: Not applicable

Examplesof Filled-in Data Forms: Not appli-
cable

Key References: Provided at the end of each
section



Document No.: 73

Estimating I ntergravel Salmonid Liv-
ing Space Using the Cobble
Embeddedness Sampling Procedure -
DRAFT

Citation: Burton, T., and G. W. Harvey. 1990.
Edtimating Intergravel Salmonid Living SpaceUsing
the Cobble Embeddedness Sampling Procedure.
|daho Department of Hedlthand Welfare. Divison
of Environmental Quality. Boise, Idaho. 16 pp. +

appendices.

DRAFT

FRRTIER DR LITY BRSO TR0 - REFDAT rad §

ESTIRATING IWTERGRAVEL 58 LAAIND LikrG SPACE UGG
THE CORRLE FMARCOE DRSS SAMPLING PROCEDUIRES

Preparad by:

Timotivy A, Burton
and
Gealffrey W. Hareoy

ldahe Depanmenl of Health and Weallars
Divisson of Environmental Quality
Watar Quaality Buraai
1410 K. Hiltan
Baoise, D BITDE-1253

Septembar, 1990

Sour ce: |daho Department of
Environmentd Quality
1410 N. Hilton Street
Boise, ID 83720
Phone: (208) 373-0502
Internet; http://www2.gtate.id.us/deq

Abstract: Thepurposeof thisreportisto define
state-of-the-art protocol sfor sampling and anadyzing
cobble embedednessto determineliving space
requirementsfor young fish. Measurement of the
interstitial space of streambed cobble habitat, which
isanimportant overwintering aswell asfeeding and
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refuge habitat for young salmonids.

Themanud discussesscale, grid and visual
estimation methodsfor measuring percent finesin
monitoring changesin stream sedimentsovetime.
Datacollected usng thismanua isentered intothe
Embededness Analysis System that runson BASIC,
or QuickBASIC. Themanua includesdetailed
instruction on database structure and dataentry and
hel pwith cal culation of cobble embededness.

Copiesof the program can be obtained by sending
a3.5inchfloppy disk, formatted IBM or compat-
ibleto:

|daho Department of Health and Welfare

Divisonof Environmenta Qudity

Water Quality Bureau

1410 N. Hilton

Boise, 1daho 83720

Tar get Application: Management
Suitablefor Volunteers: No

Training Recommended: Yes
Available: No

Monitoring Focus:

Geogr aphic Scale: Streamreach
Methods: Field

L evel of Data Quality: Level 2

Equipment and Tools(list): Provided on page6
of thedocument

DataForms. Appendix | of thedocument
Examplesof Filled-in Data Forms: Not provided
K ey References: Pages 15-16 of the document




Document No.: 74

Monitoring Stream Substrate
Stability, Pool Volumes, and Habitat
Diversity - DRAFT

Citation: Burton, T. 1991. Monitoring Stream
Substrate Stability, Pool VVolumes, and Habitat
Diversty. Idaho Department of Healthand Welfare.
Divisonof Environmental Qudity. Boise, Idaho. 8
pp. + appendices.

DRAFT

_WATER QUALITY MONITORING PROTOCOLS . REFORT NO. 3

MOMITORING STREAM SUBSTRATE STABILITY,
POOL VOLUMES. AND HABRITAT DIVERSITY

Propared by:
Timothy A Burbon

klahso Department of Health and Wetare
Dewimion of Envircnmenial Quesdity
Water Duality Bursau
1410 N, Hillon
Bossa, dako BITOE-1252

Aypril, 1999

Source: 1daho Department of
Environmentd Quality
1410 N. Hilton Street
Boise, ID 83720
Phone: (208) 373-0502
Internet: hitp://www2.state.id.us/deq

Abstract: Thepurposeof thismanual isto define
protocolsto measurefactorslimiting fish abundance
onaregiona scaleinldaho. Thismanud listsand
shortly describesafew protocol sthat deal with
measuring such factorsas substrate stability, pool
volumes, and habitat diversity.
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Thalweg profile surveysarerecommended
to measure bed el evationsand monitor changesin
bed morphology. Discussed aretherod and level
thalweg profile procedures(reachidentification and
profilesurvey), therapid thalweg profile procedure,
measuring pool/rifflequality, and resdua pool index.

The protocol also addressesthe assessment
of therelative composition of variouscritical habitat
unitsof the entire stream based on sample-based
esimates.

Tar get Application: Management
Suitablefor Volunteers: No

M onitoring Focus. Monitoring channel bed
stability and pool diversity and overall habitat
diversty.

Geogr aphic Scale: Streamreach
Methods: Field

Level of DataQuality: Level 3
Equipment and Tools(list): Not provided
Data Forms. Appendix | of thedocument

Examplesof Filled-in Data Forms. Not pro-
vided

K ey References: Page 7-8 of the document




Document No.: 75

1999 Beneficial Use Reconnaissance

Project — Workplan for Wadable
Streams

Citation: Idaho Divison of Environmenta Qudlity.
Beneficiad Use Reconnai ssance Project Technical

Advisory Committee. 1999. Beneficia Use Recon-
nai ssance Project. Workplan for Wadable Streams.

1999 Beneficial Use
Reconnaissance Project
Winrkpla for Windimble Stremons

TTE T TR RN Y.

Sour ce: Beneficia Use Reconnai ssance Project
(BURP) Technica Advisory Committee.
| daho Department of
Environmenta Quality
Contact: WilliamH. Clark
1410 N. Hilton Street
Boise, ID 83720
Phone: (208) 373-0502
| nternet: http://mwww2.gtate.id.us/deq

Abstract: Provide statewide consistency inthe
monitoring and datacollection asdescribedinthe

Coordinated Nonpoint Source Water Quaity Moni-

toring Program for 1daho (Clark 1990).
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Thisdocument describes how to conduct
datacollection for the BURP process. It lays out
the assumptions, methods, and equipment re-
quired. For each corevariable, theauthors
provided method referencesand levd of intensity.

Thisprotocol doesnot describethe
analysisand interpretation of the datacollected.
For theinterpretation of BURP data, thereader is
directed to Water Body A ssessment Guidance
(WBAG) document.

Tar get Application: Management

Suitablefor Volunteers? No. Thedatacollec-
tion and handling isdone by the BURP crew
membersand State Office Technical Team staff.

Training Recommended: Yes
Available? Regiona BURP Coordinator
Workshopsfor the crew supervisors,
provided annualy. Thecrew supervisors
then conduct training of crew withintheir
regions.
Wher €? Regiona BURP centers

Monitoring Focus: Sampling of selected vari-
ablesfor the potential Reference conditions/
streams: flow, width and depth, substrate, habitat
types, bank stability, riparian vegetation, pool
complexity, largewoody debris, photo documen-
tation, and diagrammatic mapping, stream channel
classification, conductivity, andbiological
(macroinvertebrates, fish, periphyton, E. coli, and
amphibians).

Geographic Scale: Stream reach, project site
Methods: Field
Level of DataQuality: Level 3& 4

Equipment and Tools(list): Appendix | of the
document

DataForms. Appendix 11-V of thedocument

Examplesof Filled-in DataForms: See
document No. 79

K ey References: Page 29-37 of the document



Document No.: 76

2000 Beneficial Use Reconnaissance
Project — Work Plan for Lakes and
Reservoirs

Citation: Hoelscher, B. 2000. 2000 beneficia use
reconnai ssance project —work planfor lakesand
reservoirs. |daho Department of Environmental
Quadlity, State Technical ServicesOffice, Boisg, ID.
33 pp. + appendices.

Ho00 Menelficiol Use Kstannaizsnmoe Froject

Haord Plar for Laekes ard Besenodes

1131133133 3310513333031 030000

Sour ce: Idaho Department of Environmenta Qudity
State Technical Services Office
1410 N. Hilton
Boise, ID 83706

Abstract: TheBeneficial Use Reconnaissance
Project protocols use the best science and under-
standing availableto characterizewater quality
based on biological community attributesand their

environment. They provide Statewideconsistency in

monitoring and datacollection.

Thisprotocol isapplicabletolenticwaters,
that is, lakesand reservoirs. It describesthe meth-
odology and providesalist of required equipment
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and theformsfor recording data. It does not
describe dataanaysisnor interpretation.

Target Application: Management & Research

Suitablefor Volunteers: No. Thedatacollec-
tion and handling isdone by theBURP crew
membersand State Office Technical Team staff.

Training Recommended: Yes
Available? Regiond BURP Coordinator
Workshopsfor the crew supervisors,
provided annualy. The crew supervisors
then conduct training of crew withintheir
regions.
Wher e? Regiond BURPlocations

Monitoring Focus. Water quality based on
biologica community attributesand their environ-
mat

Geographic Scale: Designed for lakesand
reservoirs

Methods:. Office
Level of DataQuality: Levels3& 4

Equipment and Tools(list): Appendix 1 of the
document

DataForms. Appendix 11 of the document

Examplesof Filled-in Data Forms. Not
provided

Key References: Page 21 of the document




Document No.: 77

A Guide to Establishing Points and
Taking Photographs to Monitor Water -
shed Management Projects

Citation: The Governor’sWatershed Enhancement
Board. 1993. A guideto establishing pointsand taking
photographsto monitor watershed management
projects. The Governor’s Watershed Enhancement
Board, Salem, OR.
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Source: http://mww.sal monweb.org/salmonweb/pubs/
pplotshtml

Abstract: Monitoringisan effectiveway tofind outif a
watershed management project ismeeting itsgoalsand
objectives. Monitoring can show how well, or how
poorly, amanagement systemisworking. It canhelp
identify needed changesin management and can show
othershow to improve watersheds and riparian areas.
Many kinds of monitoring systemsare used to
document theresults of watershed enhancement
projects. Some systems, such astaking measureand
recording scientific data, can be exacting and quite
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complicated. Thedatamay take many yearsto
develop and analyze. Other systemsarequite
smple. Taking photographsisoneof themost
bas ¢ monitoring techniques. While photographs
information can be gathered from photographs
taken at the same point over anumber of years.

Photographsoften revea changesthat
measurementsmiss. They serveasaremainder
of how far you havecomein establishinga
hedlthy-functioning, natura resourcearea.
Photosare an easy way to make othersaware
of the benefits of good land management
practices.

Thisbooklet can helpyou establish the
reference pointsor photo plotsfromwhichto
takethe picturesto monitor changesresulting
from aresource management project.

Target Application: Management & Research
Suitablefor Volunteers: Yes

Training Recommended: No

M onitoring Focus. Photographing

Geogr aphic Scale: Project site

Methods: Field

L evel of Data Quality: Level 2

Equipment and Tools(list): Page 2 of the
document

Data Forms: Page 6 of the document

Examplesof Filled-in Data Forms: Not
provided

Key References. Not provided

Dy




Document No.: 78
Guidance for Development of Toteﬂ i
Maximum Daily Loads i

Ll
Citation: Stateof Idaho. 1999. Guidancefor
Development of Tota Maximum Daily Loads.
Water Quality Programs. Surface Water Section.
Idaho Division of Environmenta Quadlity.

Sour ce: Water Quality Programs.
Surface Water Section.
Idaho Divison of Environmenta Quality
1410N. Hilton
Boise, ID 83706
Phone: (208) 373-0502
Internet: http://www?2.gate.id.us/'deqg

Abstract: Thisdocument addressesvarious
aspectsof how DEQ and the State of 1daho intends
to go about devel opment of Total Maximum Daily
Loadsanaysesfor water quality assessment. This
document originated as specific policy statement
intended to guideinterna working arrangements.
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The document hasevolved into guidanceand
broadened its audience somewhat to other agencies
and interestsoutside DEQ.

Tar get Application: Management
Suitablefor Volunteers? No

Monitoring Focus: Total maximumdaily loadsare
watershed-based analyses of the quantitiesand
sourcesof pollutantswhich prevent awater from
meetingitsbeneficial uses. Theaimistorestore
those usesthrough reductionsin pollutants added to
thewater. A watershed-based approach recognizes
the effect of both point and nonpoint sources of
pollutionindegrading water quality. Theandys's
identifiesthe causesof beneficial useimpairment and
estimates pollutant loadswhich will meet water
quality criteriaand restoreimpaired useswithina
Specifiedtime.

Geogr aphic Scale: Sub-basin

Methods: Office

Level of DataQuality: Levels3 & 4

Equipment and Tools(list): Not applicable
DataForms: Not applicable

Examplesof Filled-in Data Forms: Not appli-
cable

Key References: Not applicable




Document No.: 80

Aquatic Habitat Indicators and their
Application to Water Quality
Objectives within the Clean Water

Act.

Citation: Bauer, S. B.,and S. C. Ralph. 1999.
Aquatic Habitat Indicatorsand their Applicationto
Water Quality Objectives. EPA-910-R-99-014.
US. Environmental Protection Agency, Region 10,
Seattle, WA.

b n I¥"HHI

Aquatic Habstat Indicators
ard cheiir Spplic atiomn Do W ator
Qualicy Ohjecthsis within the

B CleanYWaters Bt

Sour ce: USEnvironmental Protection Agency,
Region 10, Seettle, Washington
and
| daho Water Resources Research Ingtitute
Univergity of Idaho
Moscow, Idaho 83843
Copiesmay berequested at: EPA Region 10
Phone: 1-800-424-4372
I nternet: http://www.epa.gov/r10earth

Abstract: Theobjectiveof thisdocumentisto
evaluatethe application of aguatic habitat variables
towater quality objectivesunder authority of the
Clean Water Act (CWA). Theprojectislimitedto
freshwater, |otic aquatic habitatsin the Pacific
Northwest and Alaskawith an emphasison salmo-

145

nid habitat. Habitat variableswere placed into one
of thefollowing categories- flow regime, habitat
gpace, channel structure, substrate quality,
streambank condition, riparian condition, tempera:
tureregime, and habitat access. Candidate habitat
variableswere evaluated for their relevancetothe
bi otic community, respons venessto humanimpacts,
applicability to target |andscapes, and measurement
reliability. Themogt critical obstaclesfor useof
habitat variablesat theregiond leve arethe quantifi-
cation of biologicd effect and theunrdiability of the
measurement system. Inherent variability and
unreliabledataqudity precludethe useof numeric
vauesfor habitat variablesascomplianceindicators
instatewidewater quality criteria. Rather, habitat
variables should be used asdevel oped and cali-
brated at local or ecoregional scalesasdtratified by
landscape and stream characteristics. Currently only
afew habitat variablesmeet theeva uation criteria
established by the authorsfor use under CWA
authority, specificaly largewoody debris, pool
frequency, and residual pool depth. Itisrecognized
that thislimited set of variableswill not satisfy the
ecological habitat requirements needed to protect
cold water biota. Recommendationsto increasethe
applicability of habitat indicatorsto CWA objectives
includeaninteragency (andinternationd) effort to
evaluatelandscape classification of aguatic aress,
identify and measurereferenceareacondition at
ecoregional scales, and develop asystematic
approach for habitat indicator quantification.

Intheinterim, the authorsrecommend a
reexamination of thenarrativewater quality stan-
dardsin EPA Region 10to provide more specificity
inregardsto salmonid habitat protection. Water
quality standards should a so specify the process
whereby numeric criteriacan beestablished at the
local or ecoregiond scale.

Target Application: Management & Research
Suitablefor Volunteers? No

Monitoring Focus: The objectiveof thisproject
wasto eva uatethe potentia inclusion of aquatic
habitat indicatorsinto water qudity programsasone
component of adeveloping EPA strategy to address
declining sdlmonid populationsin the Pacific North-
west.



Key pointsof thisdocument are:

. Relevance of Aquatic Habitat Indicatorsto
Clean Water Act Objective.

. Chalengesto Using Aquatic Habitat asan
Indicator

. Useof Aquatic Habitat VariablesasDiag-
nostic Indicators

. Applicability of Indicatorswithin Diverse
Landscapes and Stream Networks

. Assessment and Monitoring Issues

. Potentidly Useful Aquatic Habitat Indicators

. Numeric Format and Datalnterpretation

. Applicationto Water Quality Standardsand
Tota Maximum Daily Loads(TMDL)

Geographicscale: Not applicable

Methods: Office

Level of DataQuality: Levels3& 4
Equipment and Tools(list): Not applicable
DataForms: Not applicable

Examplesof Filled-in Data Forms: Not appli-
cable

K ey References: Page 70-77 of the document
and at theend of Appendix A and B.

Note: Theannotated bibliography isavail-
ableonthe Environmenta Protection Agency
Region 10 Internet web page at:
http://www.epa.gov/r10earth
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Document No.: 81

Monitoring Guidelines to Evaluate
Effects of Forestry Effects on Streams
in the Pacific Northwest and Alaska

Citation: MacDonald, L. H., A. W. Smart, andR.
C. Wissmar. 1991. Monitoring Guidelinesto
Evaluate Effectsof Forestry Effectson Streamsin
the Pacific Northwest and Alaska. EPA 910/9-91-
001. US. Environmental Protection Agency, Sedttle,
Washington.
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Source: Center for Streamside Studiesin Forestry,
Fisheriesand Wildlife
Collegeof Forest Resources/College of
Ocean and Fishery Sciences
University of Washington
Sesttle, Washington

Copies can be obtained from:
U.S. Environmentd Protection Agency
Region 10, NPS Section, WD-139
1200 Sixth Ave., Sesttle, WA 98101

Note: Copiesof theexpert sysemmay beobtained
by sending adisketteformattedinM S-DOStothe
sameaddress.
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Abstract: Thisdocument isto assistland use
managersand their technica staff indesigning water
quality monitoring projectsand selecting monitoring
parameters. Although thefocusison forest manage-
ment and streamsin the Pacific Northwest and
Alaska, abroader perspectiveistaken, and much of
theinformationismorewiddy applicable.

Part | reviewstheregulatory mechanisms
for nonpoint source pollution and definesseven
typesof monitoring. A step-by-step processfor
developing monitoring projectsispresented. Be-
cause monitoring isasampling procedure, study
designand statigtica analysisareexplicitly ad-
dressed. The sdlection of monitoring parametersis
defined asafunction of the designated uses, man-
agement activities, sampling frequency, monitoring
costs, access, and the physical environment. Ap-
proximately 30 parametersarerated with regardto
these controlling factors. A quditativecombination
of theseratingsyie dsrecommended monitoring
parametersfor variousmanagement activities. This
parameter selection process hasbeen incorporated
into an interactive PC-based expert system called
PASSSFA.

Part 1l isatechnical review of the param-
eters, which aregrouped into six categories. physi-
ca and chemical constituents, flow, sediment,
channel characterigtics, riparian, and aguatic organ-
isms. Thereview of each parameter isorganized
into saven sub-sections: definition, relationto
designated uses, responseto management activities,
measurement concepts, standards, current uses, and
assessment.

Tar get Application: Management
Suitablefor Volunteers? No

Monitoring Focus. The scopeof thisprotocol is
limited to forested areasin Washington, Oregon,
Idaho, and Alaska. Thefocusison the effectsof
forestry and forestry-related activitieson streams.
Other management activitiesthat often occur in
forested areas(e.g., grazing, mining, and recreation)
also arediscussed becausethey directly affect water
quality inforested areas, and the effects of these
other activitiesgenerally cannot be monitored
independently from forest management activities.



Similarly, thisguiddinefocusesonstreamsanddoes  Data Forms: Not applicable
not directly addressmonitoring proceduresin lakes,

) oirs, and other downsiream designated uses. Examplesof Filled-in Data Forms: Not

goplicable
Geographic Scale: Not gpplicable Key References. Provided at theend of Part |
M ethods: Office and Part |1 of thedocument

Level of DataQuality: Level 3& 4
Equipment and Tools(list): Not applicable
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Document No.: 82
Protocols for Assessment of Biotic
Integrity (Fish) in Idaho Streams.

Citation: Chandler,G.L., T.R. Maret,and D. W.
Zaroban. 1993. Protocol sfor Assessment of Biotic
Integrity (Fish) inldaho Streams. Water Quality
Monitoring Protocols—Report No. 6. Idaho
Department of Health and Welfare. Division of
Environmenta Quaity Monitoringand Technical
Support Bureau. Boise, ID.

PROFTOCTLS PO A SAERRENT OF Biormic IMTEGRITY
FISE) [ IDAHD FTHEARMS

Sour ce: Idaho Department of Health and Welfare.
Divisonof Environmenta Qudity
Monitoring and Technica Support Bureau.
1410N. Hilton
Boise, Idaho 83706-1253
Cost: $3.22

Abstract: Thisprotocol isoneinaseriesintended
to help provide consistency inwater quality moni-
toring methodsin I daho resulting fromthe Fina
Agreement To Implement An Anti-degradation
Policy For the State of Idaho, Executive Order No.
92-23 (Office of the Governor 1992)., and the
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Coordinated Nonpoint Source Water Quality
Monitoring Program For Idaho (Clark 1990). Other
protocolsinaseriesthat areincluded inthispublica-
tioninclude protocol No. 55, 56, 73, and 74.

Tar get Application: Management
Suitablefor Volunteers? No

Monitoring Focus. T hisdocument focuseson
monitoring fish, macroinvertebrates, and periphyton
communities, water quaity, and macrohabitat
classfication. Themethodsoutlinedinthismanud
aredesigned to be performedinthreedifferent
levelsof intengity:

1) Estimatethecondition of thesitethrough an
extensiveliteraturereview followed by a
gualitativeand limited in scope quantitative

assessment.

2) Collect hiological samplesrepresentative
of stream reach. All thesamplesarethen
identified to the specieslevel.

3) Thelast step (the most intensive) isintended
to provide fish and macroinvertebrates
population information, density, and
statistically valid results.

Geogr aphic Scale: Streamreach
Methods: Office& Field
Level of DataQuality: Level 2,3, & 4

Equipment and Tools (list): Appendix A of the
document

DataForms. Page 29 of the document

Examplesof Filled-in Data Forms. Not pro-
vided

K ey References: Page 11-13 of the document




Document No.: 83

Field Operations and Methods for
Measuring the Ecological Condition of
Wadable Streams

Citation: Lazorchak, J. M., D. J. Klemm, and D.
V. Peck, editors. 1998. Environmental Monitoring
and Assessment Program: Surface Waters. Field
Operationsand Methodsfor Measuring the Eco
logical Condition of Wadable Streams. EPA/620/R
94/004F. U.S. Environmenta Protection Agency,
Washington, D.C.

Surface Waters

Fiedd Carations and
Melhods lor

Measuring the Ecological
Condition of Wadealkle
Sireams

Erevi et sl o moeing and
Axzassmnard Frapran

Sour ce: Environmental Protection Agency
National Exposure Research Laboratory
Ecologica Exposure Research Division
Cincinnati, Ohio
and
National Health and Environmental
Effects Research Laboratory
Western Ecology Division
Corvallis, Oregon

Abstract: Themethodsand instructionsfor field
operations presented in thismanual for surveys of
wadabl e streamswere devel oped and tested

150

during 5 yearsof pilot and demonstration
projects (1993 through 1997). These
projects

were conducted under the sponsorship of the
U.S. Environmentd Protection Agency andits
collaboratorsthrough the Environmental Moni-
toring and Assessment Program (EMAP). This
program focuseson eva uating ecologica
conditionsonregional and nationa scales. This
document describesenvironmenta measures, or
attributesof indicatorsof stream ecosystem
condition. Theprocedurespresentedinthis
manual were devel oped based on standard or
accepted methods, modified asnecessary to
adapt them to EM AP sampling requirements.
They areintended for useinfield studies spon-
sored by EMAP, and related projectssuch as
the Temporally Integrated Monitoring of Eco-
systemsstudy (TIME) and USEPA Regiond
Environmenta Monitoring and Assessment
Program (R-EMAP).

In addition to methodol ogy, additional
information on datamanagement, safety and
hedlth, and other |ogistical aspectsisintegrated
into the procedures and overall operationa
scenario. Procedures are described for collect-
ing field measurementsdataand /or acceptable
index samplesfor severa response and stressor
indicators, including water chemigtry, physical
habitat, benthic macroinvertebrate assemblages,
aquatic vertebrate assembl ages, fish tissue
contaminants, periphyton assembl ages, sediment
community metabolism, and sediment toxicity.
Themanua describesfieldimplementation of
thesemethods and thel ogistical foundation
congtructed during field projects. Flowcharts
and other graphic aidsprovideoveral summa-
riesof specificfidd activitiesrequiredtovista
stream siteand collect datafor theseindicators.
Tablesgive step-by-step protocol instructions.
Thesefiguresand tables can be extracted and
bound separately to make aconvenient quick
fidldreferencefor field teams.

Target Application: Management & Research
Suitablefor Volunteers? No

Training Recommended: Yes



Monitoring Focus. Collecting samplesand mea-
surementsdatafrom varioushbiotic and abiotic
components of wadable streams.

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Field

Level of DataQuality: Levels3& 4

Wheredoesthedatago? Canbeused by various
regiond , enforcement, and research programsengaged
ininland, estuarine, and marinewater qudity and
permit compliancemonitoring and status’or trends.

Equipment and Tools(list): Appendix A of the
document

Data Forms. Appendix C of the document;
electronic versionsof theformsmay be obtained
from:
EMAP-Surface Waters Technica Director
U.S. EPA, 200 SW 35St
Corvallis,OR97333

Examplesof Filled-in DataForms. Providedin
sectionsdescribing field sampling and measurement
proceduresfor different indicators.

Key References: Provided at the end of each
section.



Document No.: 84

M acroinvertebrate Field and
Laboratory Methods for Evaluating
the Biological
Integrity of Surface Waters

Citation: Klemm, D. J,, P A. Lewis, F. Fulk, and
J. M. Lazorchak. 1990. Macroinvertebrate Field
and Laboratory Methodsfor EvduaingtheBiologicd
Integrity of Surface Waters. EPA/600/4-90/030.

Macroinvertebrate

Fleld and Laboratory
Methods for Evaluating the
Biological Integrity of
Surface Waters

Sour ce: U.S. Environmenta Protection Agency
Environmenta Monitoring System L aboratory
Cincinnati, Ohio 45268

Abgtract: Thismanud describesguiddinesand stan-

dardized proceduresfor using benthic macroinvertebrates

inevauatingthebiologicd integrity of surfacewaters
Included aresectionson quality assuranceand qudity

bibliogragphy of thebenthic macroinvertebrate
groups Supplementary informationonthepollution
tolerance of sdected speciesand examples of
macroinvertebrate bench sheetsand
macroinvertebrate datasummary sheets.

Tar get Application: Management
Suitablefor Volunteers? No

Training Recommended: Yes
Available? Onthe-jobtraining.
Recommended periodic assessment of
thetraining needsof the personnel
engaged in QA and support their
participationinrelevant seminars,
training courses, and eva uation and
certification programs.

Where? Regional EPA agencies.

M onitoring Focus: Assessment of thechemical
andbiologica qudity of surfacewaters.

Geographic Scale: Basin, sub-basin, stream
reach, project site.

Methods: Field & Laboratory
L evel of Data Quality: Levels3 & 4

Equipment and Tools(list): Appendix E of the
document

Data Forms: Appendix C and D of the docu-
ment

Examplesof Filled-in Data For ms: Not
provided

Key References: Provided at the end of each
section of thedocument. Thismanual alsoincludes
anextensvetaxonomic bibliography of thebenthic
macroinvertebrate groups.

control procedures, safety and hedlth recommendetions,
sdlection of sampling gations, sampling methods, sample
processng, dataeva uation, and an extensvetaxonomic
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Document No.: 85

|daho Small Stream Assessmen
Framewor k

t

Citation: Grafe, C. S,, editor. 2000. Idaho Small
Stream Ecologica Assessment Framework: An

Integrated A pproach. |daho Department of
Environmental Quality. Boise, Idaho.

Idaho Small Stream Ecological
Assessment Framework

Sl Nt Ny, [ilalvs Diaairtreanl of Eewirones owlal Gl ity

Sour ce: 1daho Department of
Environmenta Quiity
Boise, Idaho
Avallableonlineat:
http://www?2.gtate.id.us'deq

Abstract: Thisdocument describestheldaho
Department of Environmenta Quality’s(DEQ)
ecol ogical assessment approach to determine

aquaticlifeusesupport inldaho’ ssmall streams,

using biological indicators, habitat dataand

numeric water quality criteria. Theintent of this

document isto providedetailed technical
information concerning the devel opment and

integration of the Stream and Macroinvertebrate

Index (SMI), Stream Fish Index (SFI), and
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Stream Habitat Index (SHI) usedintheaguaticlife
use support determination.

DEQ appliesthe stream ecol ogical assess-
ment approach based on resultsfrom three water
bodiesthat have an average water body sizecriteria
rating of lessthan or equal to 1. DEQ usessevera
bioassessment toolsor multimetricindexestolimit
reliance on just onetool and till ensuredirect
measurementsof aguaticlife. DEQ contracted
Jessup and Gerritsen with TetraTech, Inc. to
develop the SMI. Jessup and Gerritsen used sites
identified asleast impacted and stressed to develop
the SMI. Themacroinvertebratedataisevaluated
within the context of threebioregions: Northern
Mountains, Central and Southern M ountains, and
Basins. Based on thisclassification system, Jessup
and Gerritsenidentified ninesignificant
macroinvertebrate metricsto characterize water
quality condition. These SMI metrix include: total
taxa, Ephemeropterataxa, Plecopterataxa, percent
Plecoptera, Hilsenhoff Biotic Index, percent five
dominant taxa, scraper taxa, and clinger taxa.

Target Application: Management & Research
Suitablefor Volunteers? No

M onitoring Focus: Providedetailed and technical
information concerning the devel opment of the River
Macroinvertebrate Index, River Fish Index, River
Diatom Index, and River Phys cochemical Index
used in determination of aquaticlifeusesupportin
Idaho'srivers.

Geographic Scale: Basin, sub-basin, stream reach,
and project site

Methods. Office
L evel of Data Quality: Level 3

Wheredoesthe data go? |daho Department of
Environmentd Qudity Boise, Idaho

Equipment and Tools(list): Not applicable
Data Forms. Not applicable

Examplesof Filled-in Data Forms: Not appli-
cable

K ey References: At theend of each section of the
document



Document No.: 86

Biological Assessment of Small
Streams in the Coast Range
Ecoregion and the
Yakima River Basin

Citation: Merrit, G. D., B. Dickes,and J. S.
White. 1999. Biologica Assessment of Small
Streamsin the Coast Range Ecoregion and the
YakimaRiver Basin. Washington State Department
of Ecology. Olympia, WA. Publication No. 999-
302. 59 pp + appendices.

=

Binlcgical Assesamsed af
Small Stroams in the
Coast Aange Ecaregicn and thi
‘Wakima Flair Badin

o

Sour ce: Washington State Department of Ecology
Environmenta Investigationand
Laboratory ServicesProgram
Olympia, WA 98504-7710

Copiescan be obtained at:

Department of Ecology
Publications

PO. Box 4760

Olympia, WA 98504-7600
Phone: (360) 407-7472

Abstract: The Washington Department of Ecology
examined 78 first-order through third-order streams
intheYakimaRiver Basin and the Coast Range
Ecoregion, usng methodsdevel oped for the national
Environmenta Monitoringand Assessment Program.
To help developwater qudity biologica criteria,
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Ecology examined amodified benthicindex of
biological integrity (B-1BI) and four fish assemblage
metrics. Sitesweregrouped into 15 classesbased
on ecoregion, wetted width, and geomorphol ogy
and estimated sitequality using physicd habitat data.
Then, the B-1BI was compared against habitat
quality. A conclusion wasreached that the B-1BI
could provideuseful descriptionsof biological
integrity, but that the EM AP derived invertebrate
sampling methods needed modification. Target
streamsyiel ded too few fish speciesfor practical
useof thefisnmetrics.

To assesstheecological condition of
streamsin each region, Ecology sampled 74 “prob-
ability” stestomeasurechemica, and biologica
datus. Streamsin eachregion weregpparently unaf-
fected by chemicd, physicd, and biologica satus

Poor physical habitat conditionsand im-
paired biologica integrity wereevident in both
regions. Ecology ascribed regional stream condi-
tionstoforest land uses, becauseland use/land
cover above streamsin both regionswasamost
entirely forest. The conclusion wasreached that the
EMAPtechniqueswerewd | adaptedtofulfilling
portions of Washington State dutiesunder the Clean
Water Act, especidly reporting regional statusunder
Section 305 (b).

Tar get Application: Management
Suitablefor Volunteers? No

Training Recommended: Yes
Available? Yes, R-EMAPtraining sessons

M onitoring Focus. Provideinformation for the
development of water quality biological criteria;
determinetheecol ogica condition of target streams;
relate condition to predominant land uses,
determinethegpplicability of EMAP-derived
methodsin Washington date.

Geogr aphic Scale: Streamreach

Methods: Field & Laboratory

Level of DataQuality: Level 3& 4
Equipment and Tools(list): Not provided
Examplesof Filled-in Data Forms. Not provided
Key References. Pages 53-59 and A-16-17



Document No.: 87

Using Invertebrates to Assess the
Quality of Washington Streams and to
Describe Biological Expectations

Citation: Plotnikoff, R.W.,and S. I. Ehinger.
1997. Using Invertebratesto Assessthe Quality of
Washington Streamsand to Describe Biological
Expectations. Washington State Department of
Ecology. Olympia, WA. Publication No. 97-332.
56 pp. + appendices.

Uaing Inverebrates to A=sess tho

Cuality afl Washington Streams and to
Dagesibe Biclogical Expoctations

Sour ce: Washington State Department of Ecology
Environmenta Investigationand
Laboratory ServicesProgram
Olympia, WA 98504-7710

Copiescan beobtained at:

Department of Ecology - Publications
P.O. Box 4760

Olympia, WA 98504-7600

Phone: (360) 407-7472
Availablein pdf format at: http://
WwWw.ecy.wa.gov/programs/eap/fw_benth/

fwb_pubshtml

Abstract: Anongoing survey of streamsin Wash-
ington state has been based on collection and
analysisof the macroinvertebrate assemblage. A
hypothesis-testing approach was used to define a
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hierarchical framework that would identify bio-
logical regions, important environmental variables
and indicator assemblages. Classification analysis
was used to define geographic regionsthat were
biologically similar acrossthe Washington land-
scape and physicochemical variables associated
with regions.

Eight hypotheses were proposed in order
to determine distinctions among alandscape,
reach and site-specific biological conditions. Data
collected from most areas of the state indicated
three emergent biological regions. western Cas-
cades and lowlands (Puget Sound and Coast
Range), interior plateau and eastern Cascades
(ColumbiaPlateau and east Cascades), and
northeastern interior mountains (Northern
Rockies). Two of thebiological regionswere
further divided into distinct groups and appeared
to be distinguished by local geology, topography,
climate and anthropogeni c impacts. Five environ-
mental variableswere characteristic of site
conditionswithin clusters: water temperatures,
pH, conductivity, gradient, and el evation.

Biological regionsand environmental
variablesarethe basisfor categorizing streams
across the Washington landscape. Taxa assem-
blages werefound to be strongly associated with
some of the stream conditionsin theregions.
Verification of the proposed expected biological
conditionsfor each region/stream type combina
tion will be based on future surveys.

Tar get Application: Management
Suitablefor Volunteers? No

Monitoring Focus:. |dentifying thereationship
between theenvironmental variablesand inverte-
bratecommunities.

Geogr aphic Scale: Streamreach

Methods: Field

Level of DataQuality: Levels3& 4
Equipment and Tools(list): Not provided
DataForms. Appendix | of thedocument
Examplesof Filled-in Data Forms. Not provided
K ey Refer ences: Pages 54-56 of the document



Document No.: 88

A classification of natural rivers

Citation: Rosgen, D. L. 1994. A classification of
natural rivers. Catena22 (1994) 169-199.
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A classification of natural rivers

CATENA

Catena 22 (1994) 169199

David L. Rosgen

IWelellanel Hyelrology, 1 Steven's Lake Road, Pagos Springs, 0O

Sour ce: Thispublication can beordered at: http://
www.elsevier.nl/incal/publications/store/5/2/
4/6/0/9/index.htt

Abstract: A classfication systemfor naturd riversis
presented inwhichamorphological arrangement of
stream characterigticsisorganizedintorelatively
homogenous stream types. This paper describes
morphologicaly smilar streamreachesthat are
divided into 7 major stream type categoriesthat
differ in entrenchment, gradient, width/depthratio,
and snuosity invariouslandforms. Withineach
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major category are six additiond typesdelineated
by dominant channel material sfrom bedrock to silt/
clay along acontinuum of gradient ranges. Recent
stream type dataused to further defineclassification
interrel ationshipswerederived from 450 rivers
throughout the U.S., Canada, and New Zealand.
Datausedinthedevel opment of thisclassification
involved agresat diversity of hydro-phys ographic/
geomorphic provincesfromsmall tolargerivers
andin catchmentsfrom headwater streamsinthe
mountainsto the coastal plains. A stream hierarchi-
cd inventory systemispresented which utilizesthe
stream classification system. Examplesfor use of
thisstream classification systemfor engineering, fish
habitat enhancement, restoration and water re-
source management applicationsare presented.
Specific examplesof thesegpplicationsinclude
hydraulic geometry relations, sediment supply/
availability, fish habitat structureevauation, flow
resistance, critical shear stressestimates, shear
stress/vel ocity relations, streambank erodibility
potential , management interpretations, sequencesof
morphologica evolution, and river retoration
principles.

Target Application: Management & Research

Suitablefor Volunteers: Yes, if supervised by
experienced personnel

Training Recommended: Yes
Available? No

Monitoring Focus. Pre-project evaluation of
channel typeand generd macrohabitat classifica
tion.

Geographic Scale: Basin, sub-basin, stream
reach, project Site

M ethods: Officeand Field and Laboratory
Level of Data Quality: Levels3& 4
Equipment and Tools(list): Not provided
Data Forms: Not provided

Examplesof Filled-in Data Forms: Not pro-
vided

K ey References: Page 197 of the document



Document No.: 89

Beach Assessment Program 1995-
1998. Using Volunteers to Survey
Marine Shorelinesin King County

Citation: King County Department of Natural
Resources. 1998. Assessment Program Report.
Using Volunteersto Survey Marine Shorelinesin
King County.

Beach Assessment Program
199%-1998

L] TRAITATY I TS PR
v n Loy (oonty

E}% i

Sour ce: King County Department of
Natural Resources
Water and Land ResourceDivision
Modding, Assessment and Analysis Section

Abstract: Thisreport providesdatacollected by
volunteersat 16 beaches of Central Puget Sound, in
King County, Washington. It providesinformation
onthegtatusof plant and anima lifeintheintertidal
area. It focusesoninvertebrates, clams, and sea-
weed. In addition, observationsof useof the
beachesareingructivein determining threatstothe
habitat of themarinelife.

These data can by used as one of theways
to determinethe status of beach lifeaswell asto
compare among beaches or to assessthe changes
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from the past and obtainindications of trendsthat
may alert usto the need for protective actions. With
peopl e on the beaches conducting surveysand
noting observations, itispossibleto discover
indications of possible depletion of resources, the
presence of exotic species, or habitat misuseand
degradation. In conjunctionwith other monitoring
programs, thesefindings can be used to manage
resources.

Theexperience of thisprogram can be
applied to similar beach assessment programs.
Citiesof theregion may develop their own pro-
grams, contract with other citiesor the County.
Volunteer groupsmay usethisinformationto start
their own programs. It can be used by the County
toimprovefuture volunteer assessment programs.

Target Application: General & Management
Suitablefor Volunteers? Yes

Training Recommended: Yes, but not required
Available? Yes
Wher e? Volunteersweretrained by the
staff of the King County Department of
Natural Resourcesfromthe Marine,
Modeling, and Assessment Group, andthe
Sesttle Aquarium staff during an orientation
session. Additiond training wasprovided
ontheproject Sites.

M onitoring Focus: Monitoring Invertebratesand
marine vegetation on the beachesusing volunteers.

Geogr aphic Scale: Project Sites.
Methods: Field
Level of Data Quality: Level 1

Equipment and Tools(list): Identification Keys
for selected intertidal invertebratesare providedin
Appendix C of protocol. Equipment listisprovided
inAppendix D.

Data Forms. Appendix B of the document
Examplesof Filled-in Data Forms: Not provided

Key References: Washington State Department
of Fishand Wildlife'sPopulation Assessment
Procedures Guide (1995) by William W. Campbell



Document No.: 90

Freshwater Biological Sampling
Manual

Citation: ResourcesInventory Committee. 1997.
Freshwater Biological Sampling Manua (Resource
Inventory Committee). 42 pp.

Amcurom merion Cormitim

Sour ce: Ministry of Environment, Landsand Parks
and Ministry of Forest
Resource Inventory Committee
BritishColumbia

Hard copy availableat:
Government Publication Services
Phone: (250) 387-6409 or 1-800-663-6105
E-mail: ubscustomerser@mail.gp.gov.bc.ca
Cost: $4.20
Alsoavaladleonlineat:
http://www.for.gov.bc.ca/RIC/Pubs/

Aquatic/freshwaterbiofindex.htm#a

Abstract: Thismanua coversthe minimum require-
mentsto ensure quality and consistency of thefield
aspectsof biologica datacollection. Theessentia
tasksinbiologica sampling areto collect represen-
tative samplesthat meet the requirementsof the
program, and to prevent deterioration and contami-
nation of the samplesbeforeanalysis. The proce-
duresoutlinedinthismanua areoriented primarily
towards BC Environment employees, consultants,
or thoseunder alegal requirement to undertakea
sampling programfor theMinistry. Following the
protocolsoutlinedinthismanua will aidfidd staff in
collecting reliable, representativesamples. The
protocol s presented here are the most acceptable
onesused at present. It should be emphasized that
inunusua circumstancesor with devel opment of
new methods, experienced professional judgment is
anecessary component of method choiceand
application. Itisintended that thisdocument will be
updated asthe need arisesto incorporate new
knowledge. For speciaized sampling needs, consid-
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erdbleliteratureexissand should beconsulted. Thisis
particularly thecasewith benthic Sresminvertebrates.

Theimportance of entering standardized
field datainto adatabase (Environmental Monitoring
System, EMS, for BC Environment) that isacces-
sibleto others, needsto be stressed. Field data
become useful information whenthey havebeen
collectedfollowing Sandard protocolsandexistina
formthatiseasly retrievedfor avariety of purposes.

Thisdocument does not address project
design (Sitelocations, frequency of sampling,
duration, quality assurance program, etc.) or data
interpretation. Thesetopicscan befoundin:
Cavanagh, N., R.N. Nordin, L.W. Pommen and
L.G. Swain. Guidelinesfor Designing and
Implementing a Water Quality Monitoring
Programin British Columbia. Aviaableat the
RIC webeste: http://www.for.gov.bc.calric/PUBS
Aquetic/desgn/index.htm
and Guidelinesfor inter preting Water Quality
Data. Availableat the RIC web site: http://
www.for.gov.be.calric/PUBS/Aquatic/interp/
index.ntm

Thesamplecontainers, preservativesand
sampling proceduresdescribed inthismanud reflect
thosegenerdly used by BC Environment saff. Ship-
ping proceduresand safety measuresared so outlined.
Different agenciesor laboratoriesmay havepecifica
tionswhichdiffer fromthosedescribed here.

Target Application: Management & Research
Suitablefor Volunteers? No

M onitoring Focus. Collecting and processing
biologica samplesfrom lakes, streamsandrivers.
Included are protocolsfor collection and storage of:
bacteria, zooplankton, periphyton, phytoplankton,
benthic fauna, macrophytes, andfish.

Geogr aphic Scale: Stream reach, project Site,
Methods: Field

Level of DataQuality: Level 2& 3

Equipment and Tools(list): Generic Checklist
DataForms: Providedisalist of fields
Examplesof Filled-in Data Forms. Not provided
K ey References. Provided in the document



Document No.: 91

Fish Habitat Assessment
and Procedures

Citation: Johnston, N. T., and P. A. Staney. 1996.
Watershed Restoration Technica Circular No. 8:
Fish Habitat A ssessment and Procedure. 106 pp.

Fish Habitat Assessment Procedures

by

M, T. Johnston and P. A. Slanay

Wariershed RBestoratian Tedimical Ciroular M. 8
rewises] Apell 1596
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Watershed Restesation Pragram

Mirsitry of Edwirafimei, L sid Parki
and Riraginy af Forests

Sour ce: Minigtry of Environment, Lands
and Parksand Ministry of Forest
Watershed Restoration Program
TheUniversity of British Columbia
2204 Man Mdll, Vancouver
British Columbia, CanadaV 6T 124

Hard copiescan be obtained at:
Government Publication Services
Phone: (250) 387-6409 or 1-800-663-6105
Fax: (250) 387-1120
E-mail: ubscustomerser@mail.gp.gov.bc.ca
Price: $15.72

Abstract: Thismanual isdesignedtoassistinplanning
restoration projectson awatershed level. Thismanual is
designed to assist local groupsto develop andimple-
ment integrated, effective, and cost-efficient projectsto
rehabilitate or restorefishery resourcesthat have been
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adversely impacted by past forestry practices.
Themanua providesastandard framework for
identifying the needsand opportunitiesfor fish
habitat restoration through systematic resource
assessments, and for prescribing and implement-
ing effectiveactivitiestoimprovefishery and
aquatic resources. The descriptionand eval ua-
tion of fish habitat conditionswereimplemented
inthreedistinct steps. 1) an overview summary,
2) areconnaissancefield survey, and 3) detailed
ste-specificfied surveys. Thismanual should
be used with thefollowing rel ated manuals:

. Guidelinesfor planning watershed
restoration projects (seedocument 93)

. Channel Assessment Procedures(see
document 92);

. Riparian Assessment Procedures, and
(seedocument 94);

. Fish Habitat Rehabilitation Procedures
(seedocument 62)

Tar get Application: Management/Research

Suitablefor Volunteer s? No. Reconnaissance
field surveys should be doneby experienced
fisheriestechnicianswith aworking understand-
ing of fish habitat restoration optionsand meth-
ods. Detailed site-specific surveyscan be
completed by experienced fisheriestechnicians
working, if necessary, under thesupervisionof a
professond hiologi<.

M onitoring Focus: Thisdocument focuseson
providing proceduresfor monitoring general
vegetation, spawning habitat availability, channdl
classfication, stream morphol ogy, fish passage
and biomonitoring fishcommunity.

Geographic Scale: Watershed

Methods: Field

L evel of Data Quality: Level 3
Equipment and Tools(list): Not provided
Data Forms. Appendix F of the document

Examplesof Filled-in Data For ms: Not
provided

Key Refer ences: Page 65 of the document



Document No.: 92

Channel Conditions and
Prescriptions Assessment

Citation: Hogan,D.L.,S.A.Bird,andD. J.
Wilford. 1996. Channd ConditionsPrescriptions
Assessment (Interim Method). B.C. Ministry of
Environment, Landsand Parksand Ministry of
Forestry. Watershed Restoration Technical Circular
No.7 - DRAFT #1. 48 pp.

Channel Conditions and Prescriptions Assessment
{Interim Methads)

by

0. L. Hogan, % A. Bired, and 0. J. Wilford
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Sour ce: Ministry of Environment, Lands
and Parksand Ministry of Forest
Watershed Restoration Program
TheUniversity of British Columbia
2204 ManMall, Vancouver
British Columbig, CanadaVeT 174

Hard copiescan be obtained at:
Government Publication Services
Phone: (250) 387-6409 or 1-800-663-6105
E-mail: ubscustomerser@mail.gp.gov.be.ca
Price: $8,76

Abstract: Thismethod represents one component
of the Watershed Restoration Program (WRP) and
isintended to supplement several other assessment
procedures, particularly the Fish Habitat Assess-
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ment Procedures (see document 91).

Thismanua providesareatively smple,
cong stent, and repeatablemeansof classifyinga
stream channel into amorphol ogical type, and
assessestherdativeleve of channd disturbance
based on fundamenta, morphol ogica channel
characterigtics. The assessment of downstream
impactsisaccomplished by viewing theoveral
watershed asanetwork of linked tributariesand
mainstem channel segmentsthat transfer both water
and sediment tothedrainagebasin outlet. The
system evauatesthe sediment transfer characteris-
ticswithin each tributary and mainstem segment and
then evaluatesthetransfer between different areas of
thewatershed.

Thismethod manua congstsof four sections
and each explains, step by step, how to complete
thechannd analysis. Section 2 providesasummary
of the Channel A ssessment Procedures Guidebooks
and background on the assessment. Section 3
outlinesthe gppropriate restoration activities associ-
ated with each channel condition (i.e., thelevel of
disturbance). Section 4 relatestherestoration
activitiesback to the watershed conditionsthat may
impair the effectivenessor long term success of the
planned works. At thislevel, thelinksbetween
channel restoration and watershed conditionsare
not specific; that istheoverdl conditionsof the
watershed arelinked to channd restorationin
general and no attentionispaid to any particular
segment of channel. Section’5 considersexplicitly
the channel network and detailsthelinkagesbe-
tween watershed characteristicsand downstream
channd conditions.

Target Application: Management & Research
Suitablefor Volunteers? No

M onitoring Focus. Theobjective of thismanual is
theintegration of thewatershed processes so that
control channel conditionsthat appropriate rehabili-
tation techniques can be prescribed andimple-
mented with long term success. Emphasisisplaced
upon assessment of the channel conditionand
morphology, prescribing the appropriaterestoration
activities, and assessing therisk to restoration works
by considering sediment transfer dong thedrainage
network.



Geogr aphic Scale: Watershed

Methods: Field

Level of Data Quality: Level 3
Equipment and Tools(list): Not applicable
Data Forms: Not provided

Examplesof Filled-in Data Forms: Not pro-
vided

K ey References: Page 42 of the document




Document No.: 93

Guidelines for Planning Water shed
Restoration Projects

Citation: Johnston, N. T., and G. D. Moore. 1995.
Guiddinesfor Planning Watershed Restoration
Projects. Watershed Restoration Technica Circular
No.1. B.C. Ministry of Environment, Landsand
Parksand Ministry of Forests. 62 pp.

Guidelines for Planning Watershed
Restoration Projects

by

W.T. Johmstan and G.0. Moo

Watershed Restoration Technical Circular No. 1
Detober 1995
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Sour ce: Minigtry of Environment, Lands
and Parksand Ministry of Forest
Watershed Restoration Program
TheUniversity of British Columbia
2204 ManMall, Vancouver
British Columbia, CanadaVVeT 124

To obtainahard copy of contact:
Government Publication Services
Phone: (250) 387-6409 or 1-800-663-6105
Fax: (250) 387-1120
E-mail: ubscustomerser@mail.gp.gov.bc.ca
QP Stock Number: 7610000446
Ministry Ref. Number: WRTCO1
Price: $10.44
Format: Perfect Bound
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Abstract: The purposeof thiscircular isto
assistlocal groupsto develop and implement
integrated, effective, cost-efficient projectsat the
watershed scaleto rehabilitate or restore natural
resourcesthat have been adversely impacted by
past forestry practices. Thiscircular providesa
standard framework for identifying the needs
and opportunitiesfor restoration through system-
atic resource assessments, and for prescribing
andimplementing effectiveactivitiestoimprove
forest, aquatic and fishery resources. This
manual should beusedin conjunctionwiththe
seriesof Watershed Restoration Technical
Circularsthat describe detailed Proceduresfor
conducting assessmentsand for designing
appropriate restoration projects (see document
91 inthispublicationfor moreinformation).

Target Application: Management & Research
Suitablefor Volunteers? No

M onitoring Focus. Identifying the needsfor
restoration of forest, aquatic, and fishery re-
sources. Themanual outlinesageneral sequence
of tasksin restoration projects, such aschoosing
alocation, identifying therestoration strategies,
estimating cost, constraintsand scheduling,
implementation, monitoring and eva uationand
more.

Geographic Scale: Watershed

Methods: Office

L evel of DataQuality: Level 3
Equipment and Tools(list): Not applicable
Data Forms: Not applicable

Examplesof Filled-in Data Forms. Not
goplicable

K ey References: Page 44 of the document




Document No.: 94

Riparian Assessment and Prescription
Procedures

Citation: Koning, C.W., (editor). Riparian Assess-
ment and Prescription Procedures. 1999. Water-
shed Restoration Technical Circular No. 6. Ministry
of Environment, Landsand Parks, Watershed
Restoration Program. 90 pp.

Riparian Assessment and
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Watershed Restoration Program
Mimiyvbry of Enviranment, Landy and Parks
g Mimiisiry of Foresks

Sour ce: Ministry of Environment, Lands
and Parksand Ministry of Forest
Watershed Restoration Program
TheUniversity of British Columbia
2204 ManMall, Vancouver
British Columbig, CanadaVeT 174

To obtainahard copy contact:
Government Publication Services
Phone: (250) 387-6409 or 1-800-663-6105
E-mail: ubscustomerser@mail.gp.gov.be.ca
Price: $13.80

Abstract: Thiscircular isoneof aseriesof Techni-
cal Circulars(Protocol #90-93) funded under the
Watershed Restoration Program of Forest Renewal
BC, designedto assist in planning watershed
restoration projects. The purposeof thismanual is
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toassist loca groupsto develop and implement
integrated, effective, cost-efficient projectsto
rehabilitate or restoreriparian resourcesthat have
been adversely affected by past forestry practices.
Thecircular providesastandard framework for
identifying the needsand opportunitiesfor riparian
habitat restoration through systematic assessment,
andfor prescribing andimplementing effective
activitiestoimprovetheriparian resources.

Thismanual providesproceduresfor
conducting riparian assessmentsbased onidentifying
lossof riparianfunction (for alist of functions, see
monitoring focusbel ow) dueto past logging prac-
tices. Theriparian assessment procedures occur
sequentialy andinclude: identification of harvested
riparian areas, field assessment and eval uation of
level of impairment; identifying opportunitiesfor
restoration; prioritizing Stesfor restoration, devel op-
ing regtoration plans, implementation of restoration
works; followed by maintenanceand monitoring.

The prescription part of thismanua involves
developing ariparian restoration plan. Thefocusof
therestoration planisto create conditionsthat
promote stable, diverse, and hedlthy riparian veg-
etation communities, whichwill performtheriparian
functions.

Theproceduresareorganized inthreestages.

1. Office-based overview assessment of existing
information from, maps, air photos, forest datafiles;

2. Reconnai ssancefie d-based assessment;

3. Detail ed field-based assessment, whererequired,
and prescription devel opment stage.

Target Application: Management & Research

Suitablefor Volunteers: No. Reconnaissance
field surveysshould be done by experienced fisher-
iestechnicianswith aworking understanding of
riparian vegetation and riparian habitat restoration
optionsand methods. Technical staff should work
under the supervision of an experienced professional
biologist or slviculturd specidist.

Thoseinvolvedinthe overview assessment should
also beexperienced at air photo interpretation.
Detailed Level 2 assessmentsand prescription

devel opment will usualy be done by an experienced



Slviculturd specidis.

M onitoring Focus: Riparian Assessment identify-
inglossof riparian function, whichinclude: input of

largewoody debrisand small organic debristothe
stream; surface sediment filtering; stream shadeand
temperature buffering; and provision of wildlifetree,
coarsewoody debrisand terrestrial forage material.

Geographic Scale: Watershed
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Methods: Office& Field

Level of Data Quality: Level 3
Equipment and Tools(list): Not provided
Data Forms: Page 74 of thedocument

Examplesof Filled-in Data Forms. Providedin
theprotocol. Additionally, Included ineach section,
aredetailed instructionson completing theforms

K ey References: Page 37 of the document
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Freshwater Ambient Water Quality
Monitoring Final Quality Assurance
Project Plan

Citation: Ehinger, W. J. 1996. Freshwater Ambient
Water Qudity Monitoring. Final Quality Assurance
Project Plan. Washington Department of Ecology.
23 pp. + appendices.

Freshwater Ambient
Water Quality Monitoring

Final Quality Assurance Project Plan

by
William James Ehinger
June 19596

Wathingien Sate Departresat of Boboqy
Sanireameetal leves Bgatien and Labaabary Serdces Fregqun
Ambiant BMarfzring Saction

Sour ce: Washington State Department of Ecology
Environmenta Investigationsand
Laboratory ServicesProgram
Ambient Monitoring Section
Olympia, WA 98504-7710

Copiescan beobtained at:

Department of Ecology Publications
PO. Box 4760

Olympia, WA 98504-7600

Phone: (360) 407-7472

Abstract: Thisreport coversthelong-term monitor-
ing of “conventionad” water quality variables. The
objectivesof the heavy metal monitoring program
differ substantially and so are addressed in asepa-
rate Quality Assurance Project Plan (Hopkins
1994). Since 1978, the Ambient Monitoring Section
of the Department of Ecology hascollected
samplesat monthly intervalsfrom numerousrivers
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and streamsthrough Washington state. Thevari-
ablesmeasured includetemperature, dissolved
oxygen, pH, specific conductivity, suspended solids,
turbidity, total phosphorus, solublereactive phos-
phorus(i.e., orthophosphate), total nitrogen,
nitrate+nitrite-N, anmonia-N, andfeca coliform
bacteria, dthough thislist hasvaried somewhat
because of changesin the methodsof chemical
analyssandthedifferent Ste-specific objectives.
Monitoring activitiesprior to 1978 ranged from
monthly to quarterly sampling at fixed stationsfor
variousdurationsof time, andincluded avariety of
variables.

Theroleof theambient monitoring network
isto providetimely water quality dataand periodic
dataanalysisreportsto clientswithin the Depart-
ment of Ecology and elsewhere, andto makethis
dataand reportsavailableto thepublic (i.e., other
government agencies, educationd inditutions,
consulting firms, and interested individuas).
Theabove protocol discussesthe Water Quality
Monitoring Project and addressesissuessuch as
quality control, recommended calibration standards,
sampling and anaytica procedures. Thisprotocol
doesnot, however, contain proceduresfor water
quality per se.

Target Application: Generd & Management &
Research

Suitablefor Volunteers: No

Monitoring Focus. Ambient water quality proto-
colssuchas: pHmeasuring, specific conductivity,
temperature, dissolved oxygen, suspended solids,
turbidity, nitrates, nitrites, anmonia, tota nitrogen,
andfeca coliform.

Geographic Scale: Canbeapplied at al scales
Methods: Office

Level of DataQuality: Level 3

Equipment and Tools(list): Not applicable
Data Forms: Not applicable

Examplesof Filled-in Data Forms: Not appli-
cable

K ey Refer ences: Pages 21-23 of the document



Document No.: 96

Using Aerial Photographs to Assess
Proper Functioning Condition of
Riparian-Wetland Areas

Citation: Clemmer, P, M. Gorges, G. Meyer, D.
Prichard, and K. Shumac. 1999. Using Aerial
Photographsto Assess Proper Functioning Condi-
tion of Riparian-Wetland Areas. Riparian Area
Management. U.S. Department of theInterior.

BLM. TR 1737-12 1996 (revised in 1999). 64 pp.

RIFARIAN AREA MANAGENMENT

TR 175712 B9 (Bevised 19995

Uving Arriad Pherograpder ro Asiens Progice
Funs iy Comdiiiog of Eypares. Weilosd' Areas

U4, Oezerimert ol fhp i
Barrar o lard Fangrmeni

SDA W% Departmn of Agrivulne:
h Hﬂcs Wi 1wigl Briewi i Ciierdlod Seydin

Sour ce: U.S. Department of Interior
Bureau of Land Management
PFC Aerial Photo Interpretation Team
and
U.S. Department of Agriculture
Natural Resources Conservation Service
Copesavailablefrom:
Bureau of Land Management
National Business Center
BC-650B
P.O. Box 25047
Denver, Colorado 80225-0047
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Abstract: Thismanua providesaprocedurefor
using aeria photography to answer Properly Func-
tioning Conditionschecklist itemsintwo standard
proceduresfor assessing the condition of riparian
wetland areas (see Documents No. 30 and 38).
Thismethodsallowsfor speed the processes
described in documents 30 and 38. Aeria photog-
raphy can provide useful datato make ecosystem
based and site-specific riparian-wetland manage-
ment decisions. According to theauthors, datafrom
thisprotocol “when carefully selected priortoa
project, dlowsanaysisof alarger areaof interest,
at aminimum cogt, inlesstime per hectarethan
conventional on-the-ground methods. To ensure
success of the assessment of the proper functioning
conditionsof theriparian wetlands, procedures
outlined inthisprotocol should befollowed accord-
ing to therecommendations provided on page 15 of
thedocument.

Tar get Application: Management
Suitablefor Volunteers: No

Training Recommended: Yes, recommended
training in photo interpretation, field experience, and
knowledgeof field Sites.

Monitoring Focus. Assessing theproperly func-
tioning conditionsof riparian-wetland areasfocusing
onvegetation.

Geogr aphic Scale: Project site

Methods: Office

L evel of Data Quality: Level 2
Equipment and Tools(list): Not provided

Data Forms:. Included are photo interpretation
examples

Examplesof Filled-in Data Forms: Standard
Checklist on page 13 of the document

K ey References: Page 19 of the document



Document No.: 97

Oregon Watershed Assessment
Manual: Channel Type Classification.
Component |11

Citation: Watershed Proffessional Network. 1999.
Oregon Watershed A ssessment Manual: Compo-
nent [11. Channel Type Classification. Governor’s
Watershed Enhancement Board. Salem, OR.

Comiponent 1
Channes| Habitat Type
Classrcation

Sour ce: Oregon Watershed Enhancement Board
775 Summer Street NE, Suite 360
Salem, OR 97301-1290
Phone: (503) 986-0178
| nternet; http://www.watershednet.com/
oweb.htm
Contact: Leilani Jennings
Cost: $45.

Abgtract: The Watershed Fundamental s compo-
nentsof thismanual describeshow the setting and
structure of thelandscape influencethe shape of the
stream channels. Drawing on several existing stream
classification systems, basic number of channel
typesfor Oregon streamswereidentified that are
referred inthismanua asChannel Habitat Types1.
Thisstream classificationwill enable user to better
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understand how land useimpactscan dter the
channel form, and to identify how different typesof
channelswill respond to restoration efforts. Both
channe modificationsand restorationwill ultimately
effect fish habitat.

Thestream classification systemisde-
scribed in thiscomponent, aong with mapping
ingtructions. In Appendix 111-A, included aremore
detailed descriptionsfor each of the channel habitat
types, including adrawing and photo of thephysica
setting commonto the unit, an examplefroma
topographic map, and abackground materia on
stream classification, theory and methodology. The
overall assessment processisdesigned toidentify
areas of thewatershed in need of enhancement and
restoration. To help evaluaterestoration options,
included aregenera guidelinesfor restoration by
channel typein Appendix 111-A. Thechannel type
classificationsapply to broad areas; therefore, a
morethrough field verification of actua conditions
will be necessary before project implementation.

Target Application: General & Management
Suitablefor Volunteers: Yes

Training Required: Minimum skillsnecessary are:
1) ability to read and use topographic maps, and 2)
aneyefor visuaizing 3-D landscape patternsfrom
topographic maps.

M onitoring Focus: Segmenting stream channel;
defining channel gradient and confinement; evalua-
tion of channdl conditions

Geographic scale: Basin, sub-basin, streamreach,
project Site

Methods: Office
L evel of Data Quality: Level 2

List of Equipment and Tools(list): Pagell-4 of
the document.

Data Forms. Appendix 11-B of thedocument
Examplesof Filled-in Data Forms: Not provided

Recommended References: Pagelll-17 of the
document



Document No.: 98

Oregon Road/Stream Crossing
Restoration Guide

Citation: Robinson, E. G., A. Mirati,and M. Allen.

1999. Oregon Road/Stream Crossing Restoration
Guide: Spring 1999. Advanced Fish Passage
Training Verson. NOAA.

Oregon

Road/Stream Crossing

Restoration Guide

Sour ce: Oregon Department of Fishand Wildlife
2501 SW First Avenue
Portland, OR 97207
Phone: (503) 872-5268

Abstract: Theprimary purposeof thisguideisto
provideguidelinestoland and fishandwildlife
managersthat are assessing, planning, designing, or
ingtaling repairsor replacementsfor road/stream
crossingsunder the Oregon Plan for Salmon and
Watersheds.

These current guidelinesare an attempt to
organizetogether and embellish thecurrent rules,
regulations, and guidance regarding road/stream-
crossingingalations. Thiscurrent training document
along with other guidance (Appendix D andE) is
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designed to replace earlier guidance memorandums
(i.e., Robison 1995 and 1997) for fish passage
guidancefor state and privateforestlands. For other
land uses, the Oregon Department of Fishand
Wildlifeguiddines(Appendix A) dongwith other
informationinthe Appendixesaretheofficia rules
and guidelinesfor fish passage. Thistraining should
proveuseful for fish passage designson other land
uses(i.e. agricultural, stateand county transporta-
tion, and urban) when designing for fish passageand
applying for variousavailablegrantsbut isnot
regulatory. A new guidance memorandum that has
excerptsfromthisguidethat focuseson the essentia
elementsof designing and ingta ling replacement
culvertsisaso availablefrom ODF.
Theintroductionlargely dea swith back-
ground information. Following, aretwo methods
section, which deal with information needed regard-
ing aproblem culvert. Stepsfour andfiveinthe
methods section provide userswith alternativesto
beusedin culvert replacement and devel opment of
adesignand planfor crossing replacement. The
introduction sectionsaswell astherationa e sections
provide background information about fish passage
for thoseinterested in learning more. The Appen-
dixesprovideofficia rules, guidanceand regulations
aswell assome useful checklistsand how to guides.

Tar get Application: Management
Suitablefor Volunteers: No

M onitoring Focus. Replacement/modification of
culverts.

Geographic Scale: Basin, sub-basin, stream reach,
study site

Methods: Office, Field

L evel of Data Quality: Level 3

List of EQuipment and Tools(list): Not provided
Data Forms: Provided in the document

Examplesof Filed-in Data Forms. Providedin
the document

K ey References. Provided in the document



Document No.: 99

Methods for Stream Habitat Surveys.

Citation: Moore, K.M.S,, K.K. Jones, and J. M.
Dambacher. 2001. Oregon Department of Fishand
Wildlife, Aquatic Inventory Project, Natural Pro-
duction Program, Corvallis, OR.

Aguatic Inventary Project:

Methods for Stream
Habitat Surveys

Source: Oregon Department of Fishand Wildlife
Aquatic Inventory Project
28655 Hwy 34
Corvalis, OR 97333
Contact: Kim, K. Jones
Phone: (541) 757-4263 ext.260
I nternet: http://osu.orst.edw/Dept/ ODFW/
freshwater/inventory/index.html

Abstract: The Oregon Department of Fishand
Wildlifeconductstwo typesof stream habitat
surveys—basin (or census) surveysand sample (or
representative site) surveys. Thebasin-widecensus
surveys provided information onthequality of local
aguatic habitat throughout astream or watershed.
Samplesurveyssdlect stesrandomly acrossthe
landscapeto monitor statusand spatia distribution
of aguatic habitat, and to assesstemporal change.
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Field surveysfor both survey designscollect infor-
mation on channel morphology, riparian condition,
andingtream physica habitat usng ahierarchicaly
organized survey method incorporating habitat units
and larger stream reaches. Each survey design has
strengths and weaknessesin landscape-leve anay-
Sisat micro and macro scales.

Complete Census (Basin) Survey. In
1990 the Oregon Department of Fish and Wildlife
(ODFW) designed an aquaticinventory protocol to
provide quantitativeinformation on habitat condition
for streamsthroughout Oregon. To date, surveys
have been conducted on 10,000 kilometers of
aquatic habitat in 1,600 streams. The objectivesof
thehabitat inventoriesareto providetechnical
information that can beused to:

1) Describeimportant stream and watershed
componentsand processes at different spatial
scales.

2) Develop hahitat protection and restoration strate
gies.

3) Estimatejuvenilefish production and surviva
based on physical habitat characteristics.

4) Provideinformation for the aguatic component
of watershed analyses and assessments.

5) Establish appropriate and measurable monitoring

standards.

To meet these objectives, wedesigned a
complete censussurvey using the methodol ogy
proposed by Hankin (1984) and Hankin and
Reeves(1988). Themethod isdesignedto be
integrated with other watershed activitiessuch as
temperaturemonitoring, water quaity sampling, and
fish population surveys. The methodol ogy also
providesflexibility of scale. Informationissumma:
rized at thelevel of microhabitat, associations of
habitat, portionsor reaches of streams, watersheds,
and subunitswithinregions.

The sampling designisbased on acontinu-
ouswa king survey from themouth or confluence of
astreamto the headwaters. Thesurveysarein-
tended for 1% through 5" order streams. Each
sreamisstratified into aseriesof long sections
caled reachesand into short habitat unitswithin
each reach. Within awatershed, crewssurvey all
major streamsand asel ection of small tributaries.

Our complete census surveysdescribe



current habitat conditions, relationships, and pro-
cesseswithinasurvey area. Thefield surveys
emphasi ze channd and valley morphology (stream
and reach data), riparian characteristicsand condi-
tion (reach data), and instream habitat (habitat unit
data). The continuous-survey approach provides
accurate estimates of habitat conditionsthroughout a
stream, allowsacompleteinventory of barriersto
fish passage (e.g., falsor culverts), describes
habitat and hydrol ogic rel ationshi psamong streams
or landscapefeatures, and permits stream-wide
estimates of fish distribution and abundance. The
resultsof continuoussurveyscan beintegrated into
map layersinaGeographical Information System
for more powerful analysessuch aswatershed
analysisandfor display to managersand the public.

Sample (respresentative site) surveys:
Sample surveyswere designed to assessand
monitor the statusand trendsin habitat acrosslarge
geographic areas, such asfive coastal gene conser-
vationareas(GCA) or Evolutionary Significant
Units(ESU). Thesurvey also describesassocia-
tionsof geographictrendsin habitat quality with
geographicrangeand life-history diversity of sdlmo-
nids. A GlSwasusedtorandomly select sitesina
spatialy balanced manner in each geographic unit
fromall 1st though 3rd order streamsona1:100
000 USGShydrologic stream coverage. The
sampl e selection process prevented clumping of
gtes, whilemeeting probability sampling assump-
tions. Each siterepresentsalength of stream
depending on geographic unit, providingasample
weighting for satistica analysis. Thenumber and
distribution of samplesiteslocated acrossthe
landscape provides enough Statistical power for the
detection of trendsand landscape-scal e habitat
characterization. Thedesign of thesampleselection
and thenumber of sitesallowsfor post-stratification,
provided aminimum of 20 Sitesareincludedin each
new stratum and theweightsof thesampleare
known.

Eventhough the sampleor stream selection
criteriafor monitoring surveysdiffered, thefield
method remained thesame. Survey crewscollect
information on channe morphology, riparian charac-
teristics, and instream habitat. We surveyed 500—
1000 m at each sample site, depending on stream
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size, which allowed datato be collected at 2040
habitat unitsat each site. A sitelength of 500-1000
mwas sufficient to samplefeaturesthat tended to
be patchy in nature, such aswood debrisjamsand
deep pools. Inaddition, al lengthsand widthswere
measured, rather than estimated and calibrated asin
the Hankin and Reeves methodol ogy.

A similar field protocol isused to monitor
the conditionsat habitat restoration sitesbeforeand
after treatment.

Datahandling, analysis,and reporting are not
included inthedocument, but areeasily availableat
the Oregon Fishand Wildlifeweb site:

I nternet: http://osu.orst.edw/Dept/ ODFRW/
freshwater/inventory/index.html

Target Application: Management & Research
Suitablefor Volunteers: No

Training Recommended: Yes
Available: Limited

M onitoring Focus: Composition of streamside
vegetation: speciescomposition and abundance,
land use determination, channel morphology and
classfication, visual estimatesof relativeamount of
flow, measurement of channel width, percent
distribution of substratetype, quantitative estimation
of wood volume,

Geographic Scale: Basin, sub-basin, stream reach,
sudy Ste

Methods: Field
Level of DataQuality: Level 4

List of EQuipment and Tools(list): Pages 26 of
the document and ontheweb site

Data Forms:. Providedin appendicesof the
document and ontheweb site

Examplesof Filed-in Data Forms. Providedin
the document; a so included are dataentry codes
for each form and their descriptions

K ey Refer ences: Pages 28-29 of the document



Document No.: 100

Dynamic segmentation protocol

Citation: Flitcroft, R., S. Gunckel, and J. Burke.
1999. The Oregon Department of Fish and Wildlife
Aquatic Inventories Project. Dynamic Segmentation
Protocol. 20 pp.

The Gregon Depatment of Fish & Wildlife
Agquatic Inventarios Praject

Dynasic Segmentation Profocal

Sehr v e S e aml e B
Brmenr ], Srpwr—ie 185

OIFW Aqualic IPvisrioes Prioges!
Hream Gurasy Dusa dronitasle on GIG

Sour ce: Oregon Department of Fishand Wildlife
Aquatic Inventories Project
Phone: (503): 872-5268
Portland, OR 97207
Also contact: KimK. Jones
Phone: (541) 757-4263 ext. 260
Internet: http://osu.orst.edw/Dept/ ODFW/
freshwater/inventory/index.html

Abstract: The purposeof theaguaticinventories
project dynamic segmentation protocol isto provide
information necessary to attach stream survey
informationto aGIS. The protocolsprovidesstep
by stepinformation on converting datafilesinto GIS
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coverages. The programsused are Arc/Infoand
Unix platform. Included inthe appendicesare
naming conventions, file storageand col ors; handy
Unix commands; useful arctools, commands,
tables, and other information.

Target Application: Management & Research

Suitablefor Volunteers: No

Monitoring Focus: Outline proceduresusedin
dynamic segmentationincluding HUC editing
(moving endpointsof routes, routeremeasuring,
adding arcs), calibration coverage, snapping, editing
labels, QA/QC procedures, and troubleshooting.

Geographic Scale: Basin, sub-basin, stream reach,
study Ste

Methods:. Office
Level of DataQuality: Level 3& 4

List of EQuipment and Tools(list): Not appli-
cable.

DataForms: Not applicable

Examplesof Filled-in Data Forms: Not appli-
cable

K ey References: Not provided in the document,
may befound on the Oregon Degpt. of Fishand
Wildlifeweb steabove.




Document No.: 101

Surveying Oregon’s Streams
“A Snapshot in Time"

Citation: Moore, K., K. Jones, J. Dambacher, J.
Burke, C. Stein, and STEPbiologist. 1999. In: P
Bowers(editor). Aquaticinventory project training
materia sand methodsfor stream habitat surveys.
Oregon Department of Fish and Wildlife. Portland,
OR. 272 pp.

Surveying Oregon's Streams
"A Snapshot In Tima"

AQUATIC INWNENTORY PROJECT
Training Materials
and
Methods For
Stream Habitat Surveys

0 e (&)

&

Sour ce: Aquatic Inventories Project
Oregon Department of Fishand Wildlife
28655 Hwy 34
Corvallis, OR 97333
Contact: KimK. Jones
Phone: (541) 757-4263 ext. 260
Internet: http://osu.orst.edu/Dept/ ODFW/
freshwater/inventory/index.html

Abstract: : The Oregon Department of Fishand
Wildlifepublished atraining manua and methodol-
ogy for volunteers, watershed councils, and profes-
siond biologiststo conduct stream habitat surveys.
Thesurveysprovideinformation on thequality and
quantity of local aquatic habitat throughout astream
or watershed. Field surveyscollect informationon
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channel morphology, riparian condition, and
instream physica habitat usngahierarchicaly
organized survey method incorporating habitat units
and larger streamreaches.

Thetraining manual includesalesson plan
for trainers, 2 levelsof habitat survey methods, a
dide show and script, atrainer’stool box, adata
analysisandinterpretation guide, and volunteer
management tool sand resources.

Aquatic habitat inventory surveyscollect
bas cinformation about existing stream habitat.
Datacollected by trained volunteersand other
crewshep biologistsdeterminefactorslimiting
natura fish production, identify habitat protection
and restoration needs, and provideinformation for
fish management plansand policies. Watershed
councilsal so usehabitat survey informationto
prepare watershed assessmentsand action plans.

With training and oversight provided by
Oregon Department of Fish and Wildlife personnel,
volunteers, schools, and other groups can undertake
anaguatic habitat inventory. Thetraining benefits
educators, watershed council members, landown-
ers, and othersinterested in learning more about
stream survey methods. Participantsreceive both
classroom and field experienceduring thetraining
segment.
Methods described inthistraining packet
aredesigned for compatibility with other stream
habitat inventory and classfication systems (Rosgen,
1985, Frissell et. d., 1986, USFSRegion 6 Leve |1
Inventory, 1992, and others). Compatibility is
achieved by systematically identifying and measuring
valley and stream features. Theresulting measure-
mentsand relationshipsare then summarizedinto
unifying valey and channd types. Thesurveysare
designed to beintegrated with other watershed
activitiessuch astemperature monitoring, water
quaity sampling, and fish population surveys. The
methodology aso providesflexibility of scale.
Information issummarized at thelevel of microhabi-
tat, associationsof habitat, portionsor reaches of
streams, watersheds.

The sampling designisbased on acontinu-
ouswa king survey from themouth or confluence of
astreamto the headwaters. Thesurveysarein-
tended for 1% through 5" order streams. Each



sreamisstratified into aseriesof long sections
called reachesandinto short habitat units(such as
poals, riffles, and rapids) within each reach. Within
awatershed, crewssurvey all mgor streamsand a
selection of small tributaries.

Thefidd surveysemphasizechannel and
valley morphology (stream and reach data), riparian
characteristicsand condition (reach data), and
instream habitat (habitat unit data). The continuous-
survey approach provides accurate estimates of
habitat conditionsthroughout astream, dlowsa
completeinventory of barriersto fish passage(e.g.,
fadlsor culverts), describeshabitat and hydrologic
relationshipsamong streamsor landscapefeatures,
and permitsstream-wide estimates of fish distribu-
tion and abundance. Theresultsof continuous
surveyscan beintegrated into map layersina
Geographical Information System for more powerful
analyses such aswatershed analysisand for display
to managersand thepublic.

Datahandling, analyss,and reporting are not
included inthedocument, but areeasily availableat
the Oregon Fishand Wildlifeweb site:
http://osu.orst.edw/Dept/ODFW/
freshwater/inventory/index.html

Tar get Application: Management

Suitablefor Volunteers: Yes(includedisasection
listing contactsfor volunteer programs)

Xl Ay
3ol
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Training Recommended: Yesfor Intermediate
Leve Survey
Available: Yes
Wher e: Classroom and field experienceare
provided by the Oregon Department of Fish
and Wildlifeat the above address (contact
local or STEPbiologists)

M onitoring Focus. Photodocumentation, general
freshwater classfication, channd classification, pool
classfication, poal toriffleratio, LWD documenta-
tion, percent flow, percent substrate composition,
land usedocumentation, riparian zoneclassfication,
documentation of wildlife, landdides, avalanches,
fishuse

Geographic Scale: Basin, sub-basin, stream reach,
study Ste

Methods: Field
Level of DataQuality: Levels 3& 4

List of Equipment and Tools(list): Providedin
the document

Data For ms; Provided inthedocument

Examplesof Filled-in Data Forms. Examplesare
included inaGuideto Interpreting Stream Survey
Analysis Report section of the document; included
arecodesfor dataentry

K ey References. PagesL-1through L-2 of the
document and ontheweb site.
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Document No.: 102

Stage | Common Data Standards for
Aquatic Inventory and
Stream Identification

Citation: Stagel Common Data Standardsfor
Aquatic Inventory and Stream I dentification. 1996.
Report of the IRICC Fish/Hydrography Strike
Team. 27 pp.

Hepart of the IRICC FishHydrmpraphy Sirike Team:

Seaie | { sdiimon hala Seesdails e

Lpmatic Inveminry sed Soream blentifralion

Sour ce: Pacific Marine FisheriesCommission
and Forest Service, Region 6

Abgtract: Thisdocument providesdatastandards
and protocolsfor on-the-ground collectionand
measurement of the coreriparian attributes collected
at the stream reach and project site. Those stan-
dardsareintended to provide aresolution of detail
cons stent withinformation needsat the 1:24,000
scae. They conformto ahierarchical framework
that allowscollection of additiond information at a
higher resol ution to meet specificinformation or
management needs Two setsof protocolsare
provided inthisdocument. Thefirstisaset of
aqueatic habitat attributesthat are commonly col-
lected by thevariousfedera and state agenciesthat
manage stream inventory information (USFS, BLM,
ODFW, WDFW, etc.). The second protocol set
addressed in thisdocument isastandardized
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method for managing stream hydrographic data—a
method for uniquely identifying an entire stream.

Coreriparian attributeswere screened using
aset of morphological questionsregarding the
FORM, FUNCTION, and EVOLUTION of aguatic
systems(physical and biological). If answerstothose
guestions suggested and attribute did not meet the
information needs, it wasdropped fromthelist.

Thecommon dataattributesprovidea
generdized description of aguatic habitat conditions
at the stream reach scale. Assuch, they represent first
approximation of theinformation needed to track
attainment of the Aquatic Conservation Strategy
(ACYS) objectives, some of which address* water-
shed and landscape scal efeatures. Standardsfor
collection of dataand the protocolsmay represent a
changefrom existing standardsused by various state
and federal agencies. Asaresult, caution should be
exercised beforerelying on the common dataat-
tributes described herein asthe solebasisfor an
effectiveaguatic inventory program.
Theemphasisof thisdocument/projectisto develop
acoreset of attributesthat are collected using the
samedefinitionssothat datafrom different agencies
aredirectly comparable and shared. Thisdoesnot
precludethe use of other metricsto meet specific
management objectivesor information needs of
different agencies.

Tar get Application: Management
Suitablefor Volunteers: No

Monitoring Focus. Basic channel morphology/
landform characteristicsor thewatershed including:
1) Riparian/floodplain characteristicsasit relatesto
aguatic dependent resources, 2) Range and distribu-
tion of aquatic dependent vertebrate species, and

3) Rangeand distribution of aguatic habitat condition.

Geogr aphic Scale: Stream reach, project site
Methods: Office

L evel of Data Quality:

List of Equipment and Tools(list): Not applicable
Data Forms: Not applicable

Examplesof Filled-in DataForms. Not gpplicable
K ey References: Provided in the document



Document No.: 103

Fish Passage Design at Road Culverts

Citation: Bates, K., B. Barnard, B. Heiner, P
Klavas, P. Powers. 1999. Fish Passage Design at
Road Culverts. A design manua for fish passage at
road crossings. Washington Department of Fishand
WildlifeHabitat and LandsProgram Environmental
Enginering Divison.

Fish Passage Design at Road

~ Culverts
A design manual for fish passage

)

Wiashingtor at road crossings
Dapariman! of
s 3 March 19559
WILDLIFE

INTROBUCTION
WAL 220-110-070; Fish Patsage at Road Crossings
CULVERT EARRIERS
GULVERT DESIGM PROCESS
CULVERT SITING
NO-SLOPE DESING OFTION
Channei profile, flood capacity. other considerations
HYDRAULIC DESING OPTION
length of culvert
Fish passage réeguirements
_species and aize of fish
-spegies and size of fish determine velagity criteria
fon
d_rf'ﬂjlgmg_.umm
Walocily and de

Channel backwater
Culvert Elevation

STREAM SIMULATION DFTION
CHANNEL PROFILE
HIGH FLOW CAPACITY

Sour ce: Washington Department of Fish& Wildlife
Habitat and Lands Program
Environmenta Engineering Divison
600 Capitol Way North
Olympia, WA 98505-1091
I nternet; www.wa.gov/wdf/habitat.htm
Contact: Ken Bates
E-mail: ees@dfw.wagov

Abstract: Thismanua isintendedtoaidinthe
design of permanent new, retrofit, or replacement
road crossing culvertsthat will not block themigra-
tion of saimonids. Themanual isintended for use by
designersof culvertsincluding privatelandowners
and engineers. Theleve of expertise necessary to
usethismanual variesdepending onsiteconditions
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and the design option selected. For al but the no-
dopedesign option (described below), it isassumed
that the designer hasabasi c background of hydrau-
licengineering, hydrology, and soils/'structurd
engineering to accomplish an appropriate design.
Formal fishwaysmay berequired at someculvert
stesto provide passage. Thedesign of fishwaysis
beyond the scope of thismanual; includedisonly a
brief description of somebasic design concepts. A
fish passage engineer should be consulted for
additional assistancefor thedesign of fishways. The
organization of themanual followsthelogica steps
expected in aprudent culvert design. A dataformis
provided in Appendix F describing the dataneeded
for thedesign and for those evaluating thedesign
andincludesexplanationsand definitionsof terms
describing the channel and hydrology. Appendix G
includes severd casestudiesshowing variousculvert
design options. Included inthemanual isadiscus-
sion about the design flowsand definitions. Appen-
dix H containsasummary of an exampleanaysisof
fish passagethrough aculvert.

Themanual isbased onthe premisethat a
culvertisthedesired road crossing option at asite.
That doesnot meanthat for fish traffic, fish passage
or other ecologicd functions, aculvertistheactually
best solution or even permitted. Though thismanual
focuseson fish passage, there are other habitat and
ecological considerationsthat arefactorsinthesting
and design of road crossing structures. Those
considerationsare outlined in the section Other
Passage and Habitat Considerations. Appendix B
includesWA C providing thetechnica definitionof a
fish passagebarrier.

Themanua doesnot include guidance about
theinventory of culvertsor theprioritization of
culvert barriersremedies. That informationis
included in Fish Passage Barrier Assessment and
Prioritization Manual 1998 by WDFW and inthe
Fish Passage Barrier and Surface Water Diver-
sion Screening Assessment and Prioritization
Manual 2000 by WDFW.

Target Application: Management
Suitablefor Volunteers: No

Training Recommended: Basic background of
hydraulic engineering, hydrology, and soils/structural



enginesring required

M onitoring Focus: Design of new and modifica-
tion/replacement of road culvertsinorder toim-

provefish passage

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods. Office& Field
Level of Data Quality: Level 3

Equipment and Tools(list): Not provided

Data Forms: Providedisafish passagedesign
datasummary form

Examplesof Filled-in Data For ms: Not provided

K ey References: Provided in the document




Document No.: 104

Protocols and Guidelines for
Distributing Salmonid Car casses,
Salmon Carcass Analogs, and
Delayed Release Fertilizers to
Enhance Stream Productivity in
Washington State

Citation: Michel, H. Jr., In prep. Protocolsand
Guidelinesfor Digtributing Salmonid Carcasses,
Salmon Carcass Anaogs, and Delayed Release
Fertilizersto Enhance Stream Productivity in Wash-
ington State.

ﬂ?‘hﬁﬁﬁmm and Guidelines

for Distributing Salmonid Carcasses,

Salmon Carcass Analogs,
and Delayed Releasa Fartifizars
to Enhance Stream Productivity

Sour ce: Washington State Department
of Fishand Wildlife
1111 Washington St. SE
Olympia, WA 98504-1091
Contact: Hal Michedl
Phone: (360) 902-2659
E-mail: michahhm@dfw.wagov

Abstract: Thedeclining abundanceinmany wild
salmonid populationsin Washington can beattrib-
uted to acombination of factorswhichinclude
harvest and hatchery issues, habitat degradationand
loss, in-stream flow problems, atered basin hydrol-
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ogy, and stream productivity. Restoration of a
populationto levelscapabl e of sustaining consump-
tivefisherieswill requireaddressing al theseissues,
nutrient restoration issue, which thisprotocol centers
around, isonly part of theoverall problem.

Thisprotocol addressescriteriafor:
identification of the streamsfor treatment (deposi-
tion of carcassesor useof fertilizers); adult carcass
deposition; criteriafor carcassana og deposition;
delayed fertilizer depogtion; criteriafor terrestria
deposition of carcasses, application and review
proceduresfor al projects. A glossary of termsis
included at theend of protocol.

Target Application: Genera & Research &
Management

Suitablefor Volunteers. Partialy - distribution of
salmon carcasses part of the protocols. Specific
permits need to be obtained from the Washington
Department of Ecology for distribution of ssimonid
carcassana ogsand delayed releasefertilizers. For
moreinformation and guidelineson distribution of
carcassanaogsand delayed releasefertilizers,
contact:

Ha Michad withthe

Washington Department of Fishand Wildlife
Phone: (360) 902-2659

E-mail: michahhm@dfw.wa.gov

Training Recommended: No

M onitoring Focus: Enrichment of the productivity
of streams, rivers, and estuaries by deposition of
salmon carcasses.

Geographic Scale: Stream reach, project site
Methods: Office& Field

L evel of Data Quality: Level 2

List of Equipment and Tools(list): Not provided

DataForms. Applicationform provided at the end
of the document

Examplesof Filled-in Data Forms: Not appli-
cable

K ey References: Provided in the document



Document No.: 105

Methods for Evaluating Stream,
Riparian, and Biotic Conditions

Citation: Williams, S. Platts, W. F. Megahan, and
G. WayneMinshall. 1983. Methodsfor Evaluating
Stream, Riparian, and Biotic Conditions. U.S.
Department of Agriculture Forest Service. General
Technical Report INT-138. 70 pp.

Sour ce: U.S. Department of Agriculture
Forest Service
Intermountain Forest and Range
Experimenta Station
Ogden, UT 84401

Abstract: Themajor purpose of thisdocumentisto
hel p standardize theway that physical and biological
attributesare measured and quantified and to shed
light on the strengths and weaknesses of these
attributes. Only through constant refinement of
present methods, incorporation of additional at-
tributes, and standardization will weever developa
practica meansof obtaining information of useto
resource managers. Thisreport takesastep toward
thisgoa and ispresentedinaformat uponwhich
futurework can build and improve, thus continually
upgrading thevalue and dependability of habitat and
biomass assessment. With thisimprovement will
come confidenceinanswering questionssuch as: 1)
How much flow isneeded in aspecific streamfor
fish perpetuation?2) How many cattlecan be
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grazed intheriparian zonewithout theexcessive
damageto the stream? 3) How much sediment cana
stream take without |osing productivity and will this
timber sal e exceed that amount?4) Hasthe stream
been altered fromitsnatural condition?5) Hasthe
alteration depressed fish population?6) And, what
needsto be doneto rehabilitate the stream?

Theproceduresoutlinedinthismanud are
intended for useby field personnd, suchashbiologidts,
hydrologigts, aquetic specidigts, watershed managers,
entomologidts, or other involvedin providinginformation
for resourcemanagement decisons. Thisreportisset to
buildavalid, objective, quantitetive, repeatable proce-
duresfromeasuring theaguatic, riparianandbiotic
attributesthat will provideaccurateevauation of the
sreamanditshiotic communitiesunder any set of
conditions. In somecases, only very basic procedures
areprovided here. If necessary, additiona guidanceis
availablein handbooks, dandard Satistica texts, and
fromdaigicians Animportant agpect of thismanud is
theemphasison precisionand accuracy that canbe
expected for each measurement.

Thisreport isdirected mainly toward ways of
measuring the effects of land use practices, such as
logging, road congtruction, livestock grazing, and
mining. It doesnot addressthe hydrochemical
environment or lower organisms, such asagae.

Tar get Application: Management
Suitablefor Volunteers: No

M onitoring Focus. Stream habitat eval uation:
percent substrate composition methodsthat detect
changesdueto road building or logging, channel
sinuosity, fish popul ation eva uation (for example,
riparian zone—vegetation use by animals, overhang-
ing vegetation), and macroinvertebrateanaysis.

Geographic Scale: Basin, sub-basin, stream reach,
project Site

Methods: Office& Field

L evel of Data Quality: Level 3

List of EQuipment and Tools(list): Not provided
Data Forms. Not provided

Examplesof Filled-in Data For ms: Not provided
K ey References: Page 46 of the document



Document No.: 106

User’s Guide to Fish Habitat

Citation: Overton, C. K., J. D. Mcintyre, R.
Armstrong, S. L. Whitwell, and K. A. Duncan.
1995. User’s Guideto Fish Habitat: Descriptions
that Represent Natural Conditionsinthe Salmon
River Basin, Idaho. 142 pp.

T Uiser s Cilde Te Fiakh Habikst
Descriptions that Repressant
Mglersl Conddions in the
Salmon Rlver Easin, Eakt

Sour ce: Intermountain Research Station
324 25" Street
Ogden, UT 84401

Abstract: ThisUser’sguideand reference docu-
ment describesthe physical featuresof stream
channel sthat represent natura conditionsfor fish
habitat withinthe Salmon River Basininldaho. The
term “natural conditions’ refersto the structureand
pattern of streamsthat have not been substantialy
influenced by human disturbances. Datawere
collected at four landscape scales—watershed,
channel reach type, habitat type and meso-habitat
(habitat typeattribute). Thishierarchica outline
facilitatesmulti-scadedataanalyss, thescadesare
synonymouswith anadysisareasfor watershed
(cumulativeeffects) and Site (individua project)
assessments. Datawere collected from streams
withinthe Salmon River Basin (summertime base-
flow inventory) using the Forest Service sSRU/R4
Procedures (see Document No. 37). Summary
statisticswere cal culated for bank stability, bank
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undercut, width to depth ratio, width to maximum
depthratio, surfacefines, water temperature, large
woody debrisfrequency, and pool frequency. Large
woody debrisand pool frequency were summarized
by stream size classes. The datistical summariesfor
the above habitat attributes can begroupedin
different waysto create meaningful comparisons.
For thisdocument, the datawere grouped by al
stream reaches combined, by channel reach types
distinguished by gradient and confinement, and by
dominant geology and channel reachtype. Relative
frequency digtribution sand cumulativereative
frequency distributionsweregraphedto display all
thestatisticsof variation for the selected habitat
variablesgrouped. Examplesdisplaying some
optiond approachesfor dratifying summary stetis-
ticsareprovided.

Theintended useof thisnaturd conditions
databaseareto: 1) assst Nationa Forest fishery
biologistsand resourcemanagersindetermining the
current and potentia condition of fish habitat for multi-
scdeanayssareasandto 2) describethedesired
resourceconditionfor areach, watershed, or basnthat
can beachieved through management objectives.

Target Application: Management & Research
Suitablefor Volunteers: No

M onitoring Focus. Determining the current and
potential condition of fish habitat using Satistical
analysisof thefollowing habitat attributes: bank
undercut, bank instability, temperature, widthto
depth, width to maximum depth ratios, largewoody
debris, pool frequency.

Geographic Scale: Basin, sub-basin, streamreach

M ethods:. Office (related field methods can be
found in Document No. 37)

Level of DataQuality: Levels3& 4

List of EqQuipment and Tools (list): Not appli-
cable

DataForms: Not applicable

Examplesof Filled-in Data Forms: Not appli-
cable

K ey Refer ences: Page 101 of the document



Document No.: 107

Evaluating Stream and Water shed
Conditions in Northern California

Citation: Keithley, C. 2001. Evaluating Stream and
Watershed Conditionsin Northern Cdifornia
CdiforniaDepartment of Forestry and Fire Protection.

Figuro &
HMaye and Big Rivir Sinimem Craduml

Sour ce: CdliforniaDepartment of Forestry
and FireProtection
1920 20" Street,
Sacramento, CA 95814
Phone: (916) 227-2651
Copiesavailablein pdf format at:
http://frap.cdf.ca.gov/projects/
NC STREAM/evauaing_stream.pdf

Abstract: A map based approach for watershed
assessment was devel oped to estimate potential
salmonid habitat within two watershedsin Northern
Cdifornia. Current stream condition was assessed
using stream gradi ent and streamsi de vegetation.
For theentire study arearoughly 40% of the 900
milesof stream lengthsanalyzed wereclassfied as
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low gradient responsereaches. Withintheriparian
zone of response stream reaches 23% of thearea
contained matureforestsexceeding 24” dbh, while
lessthan 10% of the areacontained late seral stage
vegetation exceeding 36" dbh. Overdl, theriparian
forestswere shown to be dominated by younger
serd stagetrees. Severa indicesweredevelopedto
represent the contribution of off-roadsand timber
harvesting to sediment ddlivery instreams. A
classification of stream typescombined withinfor-
mation on potentid recruitment of LWD, hilldope
stability, and road related sediment providesabasis
for awatershed assessment. Thisbaselinedatawas
used to develop aprioritization model toidentify the
restoration potential for each sub-basin. Thismodel
usesspatidly explicitinformation form aGeographic
Information System (GIS) toidentify basinsthat are
inneed of short term sediment risk reduction, longer
term forest stand improvementsand existing habitat
protection.

Tar get Application: Management
Suitablefor Volunteers: No

Monitoring Focus: Identify existingin-stream
habitat conditionsand potential sedimentation risks.
Among thefactorsaddressed inthe protocol are
gradient determination, assessment of current forest
conditions(LWD, quantitative measuring of vegeta-
tion along a60-meter stream buffer), and potential
sediment delivery from road and timber harvest.

Geographic Scale: Basin, sub-basin, streamreach
Methods: Office

Level of DataQuality: Level 3

List of EQuipment and Tools(list): Not provided
Data Forms: Not provided

Examplesof Filled-in Data Forms: Not provided
K ey References: Provided in the document



Document No.: 108

SSHIAP Stream Width Protocol
DRAFT

Citation: Pittman, N. 2001. SSHIAP Stream
Width Protocol. DRAFT. Washington Department
of Fshand WildlifeHabitat Program. Olympia, WA.

SSHIAP Channel Width
Measurement:
Guidelines and Procedures for
Volunteers

Ned Pittman
Washington Department of
Fish and Wildlife

June 2001, DRAFT

Sour ce: Washington Department of Fish & Wildlife
Habitat Program
1111 Washington Street
Olympia, WA 98504
Contact: Ned Pittman
Phone: (360) 902-2568

Abstract: Thisdocument describesprotocolsfor
determining and measuring channel characteristics.
Theprotocolsoutlined in thisdocument weretaken
from other protocol s (see Reference cited bel ow)
addressing methodsfor channel characteristics
determination and measurement and adapted tofit
the needs of volunteers acrossthe Pacific North-
west. Whilethismanua targetsvolunteers, it may
also be used by experienced technician to ensure
uniform datacollection. Thedatacollected through
these protocolswill be used in the statewide Salmon
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and Steelhead Habitat Inventory Program, which
objectivesareto providedetailed sasmon and
habitat information on awatershed scaleinrestora-
tion and planning adaptive management. Among the
channel characteristicsthat can be determined and
measured using thisprotocolsare: 1) bankfull width,
bankfull wetted width, and bankfull depth.

Tar get Application: Management
Suitablefor Volunteers: Yes

Training Recommended: Yes
Available: Yes
Where Avallablequarterly at
theWDFW Habitat Program
Contact: Ned Pittman
Phone: (360) 902-2568
E-mail: pittmnrp@dfw.wa.gov

M onitoring Focus. Measuring and determining
bankfull width, depth and bankfull wetted width.

Geographic Scale: Stream reach, project site
Methods: Field

Level of DataQuality: Level 3& 4

List of Equipment and Tools(list): Provided

Data Forms: Provided inthedocument (MS
Accessdatabase maybe availableontheCD ina
user friendly interface)

Examplesof Filled-in Data Forms:. Providedin
the document

Key References:

Platts. W,, W. Megahan, and G. Ninshall. 1983. Methods
for evaluating stream, riparian, and biotic conditions.
USDA Forest Service, Intermountain Forest and Range
Exp. Sation, Ogden, Utah. General Technical Report
INT-138. May.

Pleus, A.E., D. Schuett-Hame, and L. Bullchild. 1999. TFW
Monitoring Program method manual for the habitat unit
survey. Prepared for the Washington State Dept. of
Natural Resources under the Timber, Fish, and Widlife
Agreement. TFW-AM9-99-003.DNR #105. June.

Pleus, A. E., and D. Schuett-Hames. 1998. TFW Monitor-
ing Program methods manual for the reference point
survey. Prepared for the Washington Department of
Natural Resources under the Timber, Fish, and Wildlife

Agreement. TFW-AM9-98-002. DNR #104. May.



Document No.: 109

Monitoring Wilderness Stream
Ecosystems

Citation: Davis, J.C.,G.W. Minshadl,C.T.
Robinson, and P. Landers. 2001. Monitoring
Wilderness Stream Ecosystems. U.S. Degpt. of
Agriculture. Genera Technica Report RMRS-
GTR-70.

Lt Monitaring

= 5
Wilderness Stream
Ecosystems

BUYUYUYUUYUUUUUUUUUUUNEUEY

Sour ce: U.S. Dept. of Agriculture
Forest Service
Rocky Mountain Research Station
324 25" Street
Ogden, UT 84401

Abstract: Thismanua providesdetailed guidance
on how to acquire dataon wildernessstreams. It
providesingtructionson monitoring theentirerange
of structural and functional stream parameters
(physical, chemical, and biological) ina4d-stage
monitoring system that providesincreasing detall
andrigor at each successive stages. At stage 1
information isobtained on abasic set of parameters
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that describe stream ecosystems. Each following
stage buildsupon stage 1 by increasing the number
of parametersand the detail and frequency of the
measurements. Stage 4 supplementsanalysesof
stream biotic structurewith measurementsof stream
function: carbon and nutrient processes. Thisstaged
systemoffersmaximumflexibility allowing modifica-
tionfor particular Situations, goas, and needs. Itis
organizedinamanner that, whileensuring the
analysisof key factors, dlowsfor modificationto
address particular objectives. Standard methodsare
presented that were selected or modified through
extensivefield gpplication for usein remote settings.

Thismanual aso addressesbasictopics
associated withinitiation of amonitoring program.
What stream componentsor factorsshould be
measured; where the samples should be taken; how
often should samplesbe collected; what arethe
differencesbetween or among locationsand streams
detected?

Appendix C containstaxonomic
macroinvertebrates list.

Target Application: Management & Research
Suitablefor Volunteers: No

M onitoring Focus. Thismanual includestech-
niquesfor monitoring: 1) environmental factors:
temperature, solar radiation, substratum, water
quality, discharge, current vel ocity; 2) biotic factors:
largewoody debris, macroinvertebrates, fish, agae,
periphyton, ecosystem production/respiration,
nutrient spiraling, secondary production, organic
matter decomposition, benthic organic matter.

Geographic Scale: Stream reach, project site
Methods. Field
Level of DataQuality: Level 4

Equipment and Tools(list): Appendix A of the
document

DataForms. Not provided

Examplesof Filled-in Data Forms. Not pro-
vided

K ey Refer ences: Page 102 of the document



Document No.: 110

Fish Passage - Culvert Inspection
Procedures

Citation: Parker, M.A. 2000. Fish Passage-
Culvert Inspection Procedures. Watershed Restora-
tion Technica Circular No.11. Ministry of Environ-
ment, Landsand Parksand Ministry of Forest.
British Columbia. 47 pp.

Sour ce: Ministry of Environment, Landsand Parks
and Ministry of Forests
Watershed Restoration Program
400-640 Borland Street
WilliamsLake, BC
CanadaVV2G 4T1

Abstract: Theproceduresinthismanual havebeen
devel oped to assessfish access at culvert bearing
road crossings. These proceduresmay easily be
incorporated into the Watershed Restoration
Programwith other assessment activities. The
methodsoutlinedin thismanua determineconnec-
tivity of fish habitatson awatershed scalein order
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to addressfish accessissues associ ated with road
crossings. Theprioritiesidentified by these proce-
duresarethenincorporated into theoverall restora-
tion planning. Even though thisassessment hasbeen
developed for usein the Watershed Restoration
Program and thedligiblefunding criteriaestablished
by Forest Renewa British Columbig, itiseasily
applied to other non-forestry locationsand pro-
gramswithout modifications.

Thedatacollected through thismanual
provides support to determination of fish passage as
well asserving asquality assurancetool to be used
for expert evaluationindetermining if additional
assessment isrequired. The proceduresoutlinedin
thismanual arebest completed by aqudified
fisherieshiologist dueto theneed of identifying fish
speciesand subjectivity of evauating thefish habitat
to be gained by restoring access.

Theassessment of fish passage barriers
consistsof four steps. Thefirst two stepsare office-
based and areintended to narrow down alist of
sitesthat need to bevisitedinthefield. Thenext two
stepsareundertakeninthefield to determine
whether afull assessmentincluding al datacollec-
tionisto becarried out.

Target Application: Management
Suitablefor Volunteers: No

M onitoring Focus. Evauating fish passagebarriers
and prioritizing their replacement on thebasisof fish
habitat eval uation (channdl classification, sediment
source/degree, beaver activity) and fish presence.
Culvert characteristicsmeasuredin thismanual
include: diameter, length, material, water vel ocity,
shape, wetted width, slope, high water mark, water
depth, and outfall drop.

Geogr aphic Scale: Watershed

Methods: Office& Field

L evel of Data Quality: Level 3

List of Equipment and Tools(list): Not provided
Data Forms: Appendix 1 of the document
Examplesof Filled-in Data For ms: Not provided
K ey References: Page 33 of the document



Document No.: 111
o - Thisstudy addressesone of the main problems
L arge Woody Debris Fish Hab'tajt faced by restoration practitioners: thelack of
Structure Performance and Ballasting  physicaly based design guidelinesfor LWD habitat
Requirements structures. Thetheoretical basisbehind thedesign

Citation: D' Aoust, SG., andR G. Millar. 1999, einodologiesispresentedor threetypesof LWD
Larae Wi DebrisFish Habitat Sruct ; structures: 1) Single-LWD, 2) Single-LWD with
arge o dCBd) Al ast'”SRI ~aol . \r;\J/ at”;' eda O intact rootwad, and 3) Multiple-LWD structures. A
ggg?;]on M mgérgnei?%rm?Nsé 3 Meirnistry of field verification program was undertaken to test the
epo 8. :cability of the theorei ; ireth
Ervironment, Landsand Parksand Miniitsry of applicability of thetheoretical basisandtorefinethe

. . design guidelines. Over 80 LWD structuresin seven
Forests. Vancouver, British Columbia. 119 pp. r esmsg of varying sizewere | after con-

struction and again after thefall 1997 to spring 1998
floods. Resultsindicatethat the design approach for
single-LWD and single LWD with rootwad struc-
tures, based on afactor of safety against diding
falure, successfully predicted the stability of the
structuresduring the past fall to spring floods. The
stability of themultiple-LWD structuresproved to
be more complex to predict sinceagreater number
of design and congtruction-related factorsinfluence
stability and drifting wood isfrequently caught by
the structures. Nonetheless, a design approach
based on asafety factor against buoyant failureis
recommended. Recommendationswith respect to
the design and construction of LWD structuresare
also presented as part of thisstudy.

Target Application: Management & Research
Suitablefor Volunteers: No

M onitoring Focus: Thismanual discussesthe
design methodol ogiesfor threetypesof LWD
structures: 1) Single-LWD, 2) Single-LWD with
intact rootwad, and 3) Multiple-LWD structures.

Sour ce: Department of Civil Engineering Geographic Scale: Basin, sub-basin, streamreach,
TheUniversgty of British Columbia project site
2324ManMall

Methods: Office& Field
Vancouver, BC
Canada, V6T 174 Level of Data Quality: Level 3

Abstract: Many stream restoration effortsinclude Equipment and Tools(list): Not provided
placement of constructed largewoody debris
(LWD) and fish habitat structures. These structures
areingtalledin stable channelsto rehabilitate sum-
mer habitat and critical overwintering refugesin Examplesof Filled-in Data Forms. Not pro-
streams, thus attenuating stresseson the aquatic vided

ecosystemuntil loggedriparian areasnaturaly
supply maturewindfals(Saney and Martin 1997).

Data For ms: Structure assessment form on pages
79-82 of the document

K ey References: Pages 71-76 of the document
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Document No.: 112

Methodology for Inventory and
Assessment of Hydromodifications

Citation: Todd, S. 2001. Quantifying Obstructed
Habitat: Hydromodifications. Salmon and Steelhead
Habitat Inventory and Assessment Program.
Nortthwest Indian FisheriesCommission. Olympia,
WA. 14 pp.

Sour ce: Salmon and Steelhead Habitat | nventory
and Assessment Program (SSHIAP)
Northwest Indian FisheriesCommission
6730 Martin Way E.

Olympia., WA 98516

| nternet: hitp://mww.nwifc.wagov/sshiag/
Contact: Steve Todd

E-mail: godd@nwifc.wagov

or:  Washington Department of Fish & Wildlife
1111 Washington Street SE
Olympia, WA 98501
I nternet: http://Mmww.wa.gov/wdfw/hab/
sshiap/

Contact: EvaWilder
E-mail: wildedw@dfw.wa.gov
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Abstract: Thisdocument describesthe SSHIAP
methodol ogy for theinventory and assessment of
hydromodifications. It beginswith abackground of
thesgnificance of hydromodificationsinfreshwater
habitats of the Northwest, then outlinesthe ap-
proach, objectives, processes, data sources, scope,
scale, hydromodification categories, precisonand
accuracy, limitationsof the methodology, and the
useof itsproducts.

Theinventory module of the protocol isto
identify the spatia distribution of different typesof
hydromodificationsthroughout all watershedswitha
priority givento streamswithin the anadromous
zone. The assessment modul e of the protocol is
and assessment of theimpact of these
hydromodificationson samonid habitat, involving
quantitative summaries of streamsand watersheds,
and the examination of therelationshipsbetween
hydromodificationsand habitat structure and func-
tion.

Thehydromodificationinventory and
assessment isprimarily amapping exerciseinvolving
avariety of sources, ageographical information
system (GIS), and the SSHIAPrelational database
asboth toolsand potentia products. This protocol
isintended for SSHIAP staff to provideacons stent
and repeatable method for hydromodification
inventory and assessment.

Tar get Application: Management
Suitablefor Volunteers: No

M onitoring Focus: Identification, inventory and
assessment of hydromodifications.

Geographic Scale: Basin, sub-basin, reach
Methods: Office
Level of DataQuality: Level 2or 3

Equipment and Tools(list): Providedinthe
document

Data Forms: Not provided
Examplesof Filled-in Data Forms. Not provided

Recommended Refer ences: Providedinthe
document
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GLOSSARY
Definitions of Project Types

Users Note: The Project Type definitionsin this
glossary are organized by the four generalized
project areas of Freshwater Habitat, Water
Quality, Riparian and Upland Habitat, and
Estuarine and Near shore Marine.

Freshwater Habitat

Bank stabilization —
Work related to stabilizing
astreambank through
planting vegetation
(bioengineering), soil
reinforcement, and/or
minimal artificia streambank protection (suchasa
toerock at the base of aslope) in order to minimize
erosion and sedimentation. Bank stabilization
projectsshould most closaly mimic naturally stabi-

lized bankswithinthevicinity of the project location.

Beaver populations(restoring/maintaining) -
The purpose of restoring or maintaining beaver
populationsisto retain the primary function of
beavers, that is, to deliver down wood to aguatic
systemsand produce small impoundments (<2
acres).

Bridge— A water-crossing (over-water structure)
that retainsor restoresnatural channel conditions;
mai ntainsecol ogical connectivity; avoidsgeol ogi-
cdly unstableareas, consderscumulative culvert
impact for direct lossof habitat; and minimizes
streambank vegetation disturbance.

Car cassplacement —In-stream or near-stream
placement of fish carcassesto enhance nutrient
levels(such asnitrogen) in the stream ecosystem,
including thewater column, sediments, vegetation,
and biota

Channel connectivity —Any work that resultsin
connecting anew or reconnecting an existing stream
channel to alarger stream systemto improvefish

habitat (i.e., improvesfish passage, improveswater
flows, providesadditiona spawning or rearing
habitat, etc.).

Channel reconfiguration —Any work to either
createanew stream channel or redesign an existing
stream channel to improvefish habitat (i.e., resultsin
improved stream function, stream sinuousity, modi
fied streamflows, etc.)

Complexlogjams(asoknownasEngineered Log
Jams, or EL J s) —Permanent in-stream flow control
structures based on the architecture of naturally
occurring stablelogjamsinlargeriver systems,
designed to mimic natura log jamsand remainfixed
inthechannel. They contain key piecesof wood
large enough to alter the course of theriver channd
and capture additional wood, may provide bank
protection, and providefisheries habitat value by
enhancing habitat complexity.

Contrallingaquaticplants- Activities, including
herbi cide application and water drawdowns, to
reduce or remove emergent or submergent plants
usually associated with reservoirsor impoundments.

Creating/maintainingisdandsor rafts- Naturaly
occurring idandsthat result from high water levels
cutting off peninsulas, and man-maderaftscreated
fromavariety of materials. Both raftsand idands
are<2 acres. Alsoincludesdredge spoil idands.

Culvert improvements—Theremoval and/or
installation of either anew or replacement of a
stream conduit structure to enablefish passageand
stream function (e.g., water flow) under astream
crossing such asaroad or abridge.

Dam removal —Work to remove any human-made
structurethat resultsin an abrupt changein surface
water elevation (e.g., aconcretewater diversion
structure, or afailedlog control systemalong a
stream). Damsareremoved becausethey may
impedefish and sediment passage.
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Debrisremoval —Work to removeany non-living
unwanted material at arestoration or acquisitionsite
(e.g., human-made materialssuch asderdlict ve-
hiclesand garbage, or natural materialssuch as
landdidemateridsincluding soil and grave).

Deflector gbar bs'vanes— Anin-stream structure
used toinfluence or redirect theflow, pattern, or
hydraulicsof astreamin order to reduce or increase
the erosiveforcesacting on astream bank or
streambed. Generally involvesplacing material
(such asboulders, rocks, gabions, logs, etc.) ina
stream channel at specificlocationsto gain aspecific
effect.

Dikeremoval/setback —Work related to remov-
ing or moving away fromthe stream or marine
shorelineawater-retaining structurethat was
origindly built to control/divert streamflowsand
protect farmland or other property from flooding.
Removal or setback isintended to promote natural
stream or estuary flow (e.g., tidal action) and
restorenatura ecological functions.

Diversion dam - A human-made structure or
installation to divert water from astream, river or
other surface water body for aspecific purpose
suchasmunicipd, industrid, agricultura, hydroel ec-
tricgeneration, etc. A diversiondam project may
includereplacement or modification of adiverson
damtoimprovefish passage.

Engineered debrisjam - Engineered debrisjams
(EDJs) arecallectionsof largewoody debris
(LWD) that re-direct flow and provide stability to or
createadownstream bar or idand. Engineered
debrisjam construction may be patterned after
stablenatural log jamsor may be anchored with
man-made materials. Naturally occurringlogjamsin
aluvid channelsareusualy formed by oneor
severa key members(old growth treeswith
rootwads attached) which stabilize other debristhat
is“racked” against thekey member(s). Debrisjams
extend above bankfull water surfaceand, when
connected to astreambank, arehydraulically smilar
togroins.

Fish by-pass- Gravity fish screens (see definition

below) that areingtalled downstream of thediver-
sion headgate usudly requirea*”fish bypasssystem”
to collect fishfrominfront of the screen and safely
trangport them back to the stream. Thefish bypass
consistsof an entrance/flow control sectionand a
fish conveyance channd or pipdine. A portion of
thediverted flow used to transport fish fromin front
of thefish screen back to the stream through thefish
bypasssystem. Fish bypassflow requirespositive
hydraulic head differentia between thewater
surface at the screen and thewater surfaceat the
bypassoutfal to the stream.

Fish screen (gravity) and fish screen (pump) -
A fishprotectiondeviceinstalled at or near a
surfacewater diversion headgateto prevent
entrainment, injury or degth of targeted aguatic
species. Fishscreensphysically precludefishfrom
entering the diversion and do not rely on avoidance
behavior likeelectrica or sonicfish barrier technol-
ogy. Fish screensarecategorized by: 1) diversion
type (gravity vspump), and 2) debriscleaning
function (“active’ or automatic vs“passve’ or
manud deaning).

Fishway —A structureor systemthat isdesigned to
facilitatefish passage. Componentsof afishway
may include: fish attraction features, abarrier dam,
entrances, auxiliary water systems, collectionand
transportation channels, afish ladder, an exit, and
operating and maintenance standards. Fishways
can beformal concrete structures, poolshlastedin
therock of awaterfall, or log controlsin the bed of
achanndl. Fishwayscanbedividedintosix classifi-
cationsbased ontheir hydraulic design and function:
pool and weir; vertical dot; roughened channels,
hybrid fishways, and mechanica fishways. Culverts
(evenif “fishfriendly”) do not count asfishways.

Headgate- A structurethat usesgatesto control
theflow of water from asurfacewater source (such
asastreamor lake) into awater conveyancefacility
(suchasacand, ditch or pipeline) that usesgravity
to movewater through, for irrigation or other
pUrposes.

I n-Channed Hydr o-modifications- Completeor
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partia in-channe modificationstodlow forin-
creased hydrol ogic connectionsand fish passage
between fragmented habitats. Modificationsinthis
category arein-stream or near-stream anthropo-
genic aterationsto channelsthat impedeflow,
routing of wood and sediment, or passage of
aguatic organisms. Examplesincludedams, bridge
footings, dikes, berms, levees, road prisms, pilings,
and seawalls. Restoration projectstoimprove
passage and hydrol ogic connections between
fragmented habitats canincluderemoving structures
and replacing old designswith new culverts,
bridges, tide gates, fishladders, or bypassaterna-
tives.

I n-stream flows (establish and maintain mini-
mum flows) - Thesetypesof projectsstriveto
identify optimum minimumin-streamflowsfor
salmonid productivity then work towards maintain-
ing flowsto meet targets. Projectswill ofteninclude
strategiesfor reducing surfacewater diversionsor
ground water diversionsfor consumptive uses,
removing impedimentsto hyporheic flow, or chang-
ing conditionsat impoundment structures.

Log control (weir)—A log structure placed inthe
streambed to influence water flow, gradient, sedi-
ment, bed elevation, or other stream functions.

Logjam (engineered) - (seealso Engineered
debrisjams)

LWD/bouldersor other habitat forming ele-
ments- These projectsintroduce physical habitat
componentsto stream channelsinan effort tomimic
natural inputsand resulting habitat featuresassoci-
ated withthese habitat elements. Largewoody
debris(LWD) and boul der supplementsaretwo
common examplesof thisproject type.

M obilization — Getting necessary equipment or
supplies (earth-moving equipment, for example)
moved to the project work sitein order to begin
construction/restorationwork. Doesnot include
procurement of suppliesor equipment to be used
during construction/restoration.

Off-channel habitat — Any work related to design

ing, building, and ingtaling fish habitat separatefrom,
but connected to, the main stream channel for the
purposesof improving, creating, or connecting
channelsand pondsfor fish to rear and spawn
(including resting, feeding, etc.).

Peak flows (establish and restorethetiming,
frequency and magnitude of) - Projectsthat
gtriveto modify or improvevariablesthat influence
thetiming, frequency and magnitude of peak flows
intargeted drainageareas. Activitiesinclude
dterationstoimpoundments, improvementsto
watershed vegetation composition and maturity,
wetland devel opment or restoration, or stormwater
detention or retention.

Permits—Any work related to applying for and
Securing necessary construction permitsfrom
variousgovernmenta agenciesinorder tolegdly
performwork onthe project site(s).

Pipes& ditches—Meta pipesand man-made
ditches constructed for the purpose of conveying
water to or fromastreamor well.

Plant removal/contr ol —Work related to removing
or controlling through manua, mechanicd, or
chemica meansany unnecessary, non-native, and/or
invasivevegetation onthe sitefor the purposes of
restoring thesitefor beneficid fishandwildlife
habitat.

Pr oj ect successmonitoring—Any work related
to collecting information about the effectiveness of
the project over aspecified period of timeto
determinewhether the project ismeeting thein-
tended objective. For example, may include
collecting dataon certain parameters (water quality,
fishuse, etc.) and comparing thisinformation to
preproject data.

Reveg-plant installation —Work related to
planting native vegetation dong awaterbody orina
riparian zoneto prevent soil erosion and landdides;
discourageinvasion of non-native vegetation; and
provideimportant ecologica functionstothe
waterbody, fish, and wildlife such asshading,
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organic matter, filtration, etc.

Reveg-plant materials—The procurement of
native vegetation used during planting and revegeta:
tionactivities.

Rock control (weir) - A rock structure placedin
the streambed toinfluencewater flow, gradient,
sediment, bed elevation, or other stream functions.

Roughened channel —Work related to increasing
coarsenessand texturein the stream channel using
natural streambed materialssuch asbaffles, rocks,
boulders, or log structuresin order to reduce water
velocity and facilitatefish passage.

Signage—Work related to designing, building, and
ingtalingsignsat arestoration or acquisitionsiteto
identify thesiteto thepublic (specifying site pur-
pose, owner, and/or contact information); to
provideinformation about thesiteto visitors(e.g.:
interpretivesignsdescribing wildlife, ecology,
history, etc.); to provideparking information and
directionstovisitors(e.g.: parkinglot signs); or to
providesafety informationtovisitors(e.g.: hazard
warnings).

Sitemaintenance (1 year or less) —Any work
related to preserving the project work siteasit was
constructed in order to protect theoriginal invest
ment and intent of the project. May include weed-
ing, repairsrel ated to weather damage, vandalism,
€tc.

Spawning gravd placement —Any work related to
introducing properly-gzedfish pawning subdrate(i.e.:
gravel) tothechannd . Includesstreambed control
gructuresto keepthegrave in place.

Traffic control —Any work related to managing
vehicular travel inand around thework siteduring
or after the project construction period (includes
trafficagnals). For example, traffic may needto be
temporarily re-routed to avoid aconstruction area,
or permanently re-routed.

Utility crossing—Work related toinstalling,
connecting, reconnecting, or moving such utilitiesas

electrical, phone, cable, natural gas, water, sewer
lines, andirrigation pumps.

Woody debrisstructures—Any work related to
design or engineering, procurement, and/or instala
tion of wood structuresin astream channel or
riparian areafor the purposesof providing improved
fishhabitat and stream channel complexity.

Work siterestor ation —Work related to returning
awork sitetoitsoriginal state after project con-
struction work iscompleted. May include contour-
ing thelandscapeto aproper angle of repose,
reconnecting utilities, re-vegetation, fencing, etc.

Riparian and
Upland Habitat

Alternatewater source
—Providing anupland
water sourceforirrigation
or livestock inorder to
prevent livestock from
entering riversand
streamsto drink water.

Erosion control (road) —Work related to minimiz-
ing or eliminating eros onimpactsto awaterbody
caused by upland roads. May includeroad removal
or road resurfacing (e.g.: from pavement togravel),
adding or upgrading drainage structures, water bars,
and stream crossings, re-vegetating cut andfill
dopes. Also see Road abandonment/decommis-
soning below.

Erosion control (sope) —Work related to mini-
mizing or eliminating erosonimpactstoa
waterbody caused by upland dopefailure(e.g.:
landdlides) or drainage erosion. Specificwork
involvesadding or upgrading drainage structures,
water bars, upgrading ditches, removing or stabiliz-
ingfill meterid.

Floodplain restoration - Projectsaretargeted at

restoration of thesinuosity and meander of natura
stream channels, increasing of edge habitat com-
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plexity, and/or re-connecting isolated channels.
Typical restoration projectswill striveto move,
modify or eliminateimpediments. Examplesinclude
dikeremovalsor setbacks, rip-rap removal, bridge
expand on, infrastructurere ocation and modifications.

I mpervioussurfaceremoval —Work related to
removing any human-madestructurefromthe
ground that inhibitsor preventswater frombeing
absorbed into the soil (e.g.: asphalt parkinglot, old
building foundation, or road).

Livestock fencing—Work related toinstalling
fencing material uplandto prevent livestock from
having accessto asurface water buffer, surface
water bank, or thewaterbody itself. Alsocalled
“excdusgonfencing.”

Livestock stream crossing—Work related to
building andingtalling astream crossing structure
(suchasabridge) for livestock to usethat isin-
tended to keep livestock from damaging the
stream. The crossing should be designed so that it
doesnot hinder fish passagein the stream.

Livestock water supply —Work related to
building and installing an upland watering areafor
livestock to useto direct them away from using
streamsfor their water supply.

Low/notill —Anagricultural cultivation technique
inwhichthesoil isminimally disturbed (not tilled).
Farmersinstead apply detritusfrom previous
crops on seedbedsto protect the seeds or drill
the seedsdirectly into leftover stubble. The
primary benefit of thispracticeisdecreased soil
erosion into streams.

Pipes & ditches—-metal pipesand man-made
ditches constructed for the purpose of conveying
water to or from astream or well.

Plant removal/control —Work related tore
moving or controlling through manual, mechanical,
or chemical meansany unnecessary, non-native,
and/or invasive vegetation on the sitefor the

purposes of restoring the sitefor beneficial fish
and wildlife habitat.

Reveg-plant installation - Work related to
planting native vegetation along awaterbody or in
ariparian zoneto prevent soil erosion and land
dlides; discourageinvasion of non-native vegeta-
tion; and provideimportant ecological functions
to thewaterbody, fish, and wildlife such as
shading, organic matter, filtration, etc.

Road abandonment/decommissioning—Any
work related to taking aroad out of serviceto
minimizeor eliminate erosionimpactstoa
waterbody. Includesremoving road signs, road
pavement or surface, and/or replacing impervious
surfaceswith vegetation or gravel to prevent
further erosion.

Silvicultural manipulationsof existingriparian
trees- Projectsareintended to establish or in-
creasethegrowth rate of preferred species (usually
conifer) inexisting riparian forest. Techniques
includethinning, patch cutting, and understory
planting. Riparian areasdominated by hardwoods
or dense stands of even-age conifer may be appro-
priatefor thesekindsof treatmentsdepending on
steconditionsand stream channel characteristics.

Sitemaintenance—Any work related to preserv-
ing the project work siteasit was constructed in
order to protect the origina investment and intent of
theproject. May includeweeding, repairsrelated to
weather damage, vandalism, etc.

Utility crossing - Work related toinstalling,
connecting, reconnecting, or moving such utilitiesas
electrical, phone, cable, natural gas, water, sewer
lines, andirrigation pumps.

Wetland Creation/Enhancement - Construction
of awetland in an areathat intherecent past has
not been awetland and has been isolated from an
existing wetlands. Typically, wetland are created by
excavation of upland soilsto eevationsthat will
support the growth of wetland speciesthrough the
establishment of an appropriate hydrology. En-
hancement of wetlands entails modification of
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someof itsfeaturesto increase one or moreof its
functionsasdefined by management objectives.
Typicdly, thisisaccomplished by modifying Site
elevationsor the proportions of open water.

Wastewater (disposing/assimilating) - Control
lingwastewater effluent dischargeintolakes,
streams, rivers, or nearshore marinewaters.

Eguarine & Nearshore
Marine Habitat

Aquaculture - Commercid
production and harvest of fish
(i.e,, growninnet pens) and
shdllfish(e.g., oysters, geo-
ducks, clams, and mussals). Thisalsoincludes
impacts associ ated with recreational harvest of
shdlfish.

Armoring (Shoréine) - Placement of rock, wood,
or concrete at thewater’sedgeto prevent shoreline
erosionor bank failure. Bulkheadsare sometimes
placed in non-eroding areas.

Beach nourishment - Beach nourishment isthe
artificial depositing of amixtureof sand and gravel
on beach areasthat can result inincreased
epibenthic crusteacens, vegetation and natura
sedimentationrates. Diverseuses, fromresidentia
sitestoindustrial cleanups, on small pocket beaches
tolargebeach areas, especidly gravel beachesin
public parks. Nourishmentisusedfor erosion
control, recreationa enhancement, mitigationfor
armoring, and for biologica enhancement.

Beach restor ation —Work related to improving
thefish habitat of amarine beach areaby encourag-
ing natura, self-sustaining ecol ogica processes.
Work may include: removing contamination, remov-
ing structures, removing invasiveor non-native
vegetation, removing debris, enhancing beach
substrate by adding natural materias(gravels, sand,
etc.), planting native vegetation, re-grading beach
profile, etc.

Bulkhead removal —Work related to removing
human-made structuresfromthemarine shoreline
that wereoriginally placed to prevent shoreline
erosion and solidify and strengthenthe shoreline
profile. Thesestructures, also known asbulkheads,
can be made of wood, metal, rock, concrete,
plastic, or other materias.

Culvertsin levees, | nstallation — Installation
culvertsinleveestorestorefish accessand tidal
inundation to upstream dough areasthat were
formerly openly tidal. Useful torestoreestuarine
habitat in other areaswhile maintaining somedrain-
agefunction and flood protection to adjacent land,
increasing quality and quantity of water and regularly
inundated saltmarsh habitat. (seealso Tidegate
removal/modification).

Dikebreaching/removal — The process of remov-
ing or breaking through all or part of aman-made
diketo restorenaturd tidal exchangein an historical
estuarine environment such asariver delta. Opens
primary corridorsfor fishandwildlife, and re-
createshistorical off-channd habitat. Resultsin
sediment accretion, increased net primary produc-
tion, increaseintidal elevation of salt marsh habitat,
and emergence of estuarinewetland plants.

Dredgingand filling (marine) - Mechanical or
hydrologica remova of bed materials(sand, gravel,
mud) and their transport to anew location for the
purpose of providing increased depth for boat and
ship navigation. Filling isthe placement of dredged
material or upland materialsin marineaguatic aress.
In Puget Sound, fill materidsaretypicdly placed to
create uplandsfor commercia purposes(e.g.,
marina, port developments). Fill material hasbeen
used to create dredge spoil idandsa ong thelower
ColumbiaRiver.

Eel grass, kelp, or other native vegetation
planting or re-establishment — The process of
restoring native marine or estuarine aguatic vegeta-
tion (such ased grassor kelp) inthemarine
nearshore or estuarine environment in order to
improvefish habitat (for food, cover, spawning).
Restoration work may includeremova of debrisor
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non-native vegetation and site preparationto
fecilitatesurvival of the nativevegetation.
Flushing/partial passage— Theremova of full or
partia blockagesto marinetida water flushing.

Ghost net removal — Theremoval of derelict or
abandoned fishing netsthat poseathreat tofishand
wildlifeinthemarineenvironment. Fishing netsare
often submerged, partially submerged, or exposed
along the shordline, and removal procedures may
vary depending on thelocation of the nets.

Harbor, marina, and ferry terminal develop-
ment - Includes both the devel opment and subse-
quent useof harbors, marinas, andferry terminals.
Thiscategory reflectsboth fresh and saltwater
environments. Includescommercia shipping,
associated cargo handling, and ferry transport.
Recreationa boat marinasand associated infrastruc-
ture(e.g., parkinglots, floats, breskwaters, fueling
gtations). Commercia harborsand ferry terminals
aretypified by Elliott Bay, Port Angeles, and
Bellingham Bay, Washington, and Newport, Coos
Bay, and Portland, Oregon. Recreational marinas
aretypified by Olympiaand DesMoines, Washing-
ton, and Astoria, Oregon. Impactsextend toinclude
bilgewater and wakesfromlargeships.

L andfill removal —Theremoval of upland refuse
(garbage and other disposed materials) containedin
amunicipal landfill that isposing athreat to marine
nearshore habitatsand ecol ogical processes.

Near shor esubtidal enhancement —Introduction
and distribution of substrate materia inbeachand
nearshore areas (depth <20 m) for increasing
macroalgaeand cover for fishand invertebrates.
The placement of peagrave plotsprovidesjuvenile
salmonid prey and oyster shell plotsprovidered
rock crab, oyster, and shore crab habitat.

Plant removal/contr ol — Theremoval/control of
non-native plant specieswithinthe nearshore/marine
environment. Includesthe control of English
Cordgrass (Spartina anglica) by mowing, hand
pulling and herbicidetreatment. Monitoring shows
that Soartina can besignificantly reduced with

resulting higher plant speciesdiversity.

Removal of overwater structures—Removal of
docks, piers, and other structuresthat block light
andlimit migration patternsfor young salmon.
Removal of structurescan adlow marine plantsand
organismsto repopul atethese aress.

Residential docksin marineand freshwaters -
Floating and fixed docks, piersin marineand
freshwater environments. Physicd dimensionsof
dockstend to be about eight (8) feet wide and 50
to 100 feet long. Typical dock structureshave
associated pilingsand deck surfaces.

Restoration of estuary and shorélineriparian
areas— Theplanting of riparian areasassociated
with estuaries, shordines, and tidal wetlandswith
native vegetation and monitor for post-project
regenerationin comparisonwith areferencesite.
Intent of project isto re-establish natural woody
vegetation and shorelineerosion control functions.

Soft shor e pr otection —Use of indigenous materi-
alssuchasgravel, sand, logsand root wadsin
designsthat areflexibleand mirror natural pro-
cesses. Rebuildshigh tide beach to provide protec-
tion of property and homesand to increase coastal
sediment supply. Projectsthat benefit nearshore
habitatsincludewoody debris, shading, re-vegeta
tion and increased shoreline compl exity.

Tidal channé reconstruction —Thereconstruc-
tion/restoration of tidal channdshistoricaly removed
fromthe confluence of ariverineddtaand estuarine
sysem.

Tidegateremoval/maodification —the physical
remova or modification of tidegate(s) to restoreor
improve passagefor fishand/or other species
through tidally influenced channdls, andtorestore
thenaturd tidd flushing withintheestuarineenviron-
ment.

Toxic spillsinfresh and saltwater - Thisactivity

reflectsspillsor depositionsof chemicasinto
freshwater and marine habitats. Thisistypified by,
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but not limited to, petroleum spills, railroad car
incidents, semi-truck turnovers, and marine
Superfund sites(e.g., Commencement Bay, Elliott
Bay, Washington). Toxic chemicasarerepresented
primarily by hydrocarbons, dioxins, petrochemicals,
fertilizers, pesticides, and heavy metals. This
category doesnot include spill and deposition Sites
that areentirely terrestrial-based.

Underwater marinestructurescreation - The
active creation of underwater structures, normally
involving placement of large concrete and rock
substrates. Objectiveisto providevertical relief to
create habitat structuresfor variousmarinefishand
shdlfish. Theseunderwater reef structurescould be
50 feet wide, 200feet long, and 10feet tall. The
structuresarelocated primarily in Puget Sound,
Washington. Noteto readers: Oil explorationand
associated drilling platformsare currently prohibited
off the Oregon and Washington coastlines, and thus
arenot considered in thisassessment.

Water Quality

Nutrient loading (remove,
reduce or modify sour ces
of) - Projectsaredirected at
improving or modifyingthe
nature and magnitude of
nutrient trangport, cycling
and utilizetionwithinthe
stream system. Insome
casesthiscan entail projects
that aretargeted toward
reducing the amount of nutrientsreaching water-
ways, such asbio swaesor filter strips. Other
projects might betargeted toward increasing
availablenutrients such asusing salmon carcassesto
nourish oligotrophic water bodies.

Sediment collection ponds—Man-made struc-
turesor excavationsin or near waterwaysfor the
purposeof collecting sediment eroded from uplands
or stream channels.

Thermal loading (removeor reduce sour ces of)
- Projectstargeted at reducing thetemperature

of local water bodiesto meet target valuesfor the
viability and productivity of salmonids. Projectscan
focus on point source or non point sources of
thermd loading.

Toxicloading (removeor reduce sour ces of) -
Projectstargeted at reducing levelsof toxic sub-
stancesinlocal water bodiesto meet target values
established under Clean Water Act regulations.
Projects can focus on point source or non point
sourcesof toxicinputs.

Toxic spillsin fresh and saltwater - Thisactivity
reflectsspillsor depositionsof chemicalsinto
freshwater and marine habitats. Thisistypified by,
but not limited to, petroleum spills, railroad car
incidents, semi-truck turnovers, and marine
Superfund sites(e.g., Commencement Bay, Wash-
ington). Chemicalsareprimarily represented by
hydrocarbons, dioxins, petrochemicals, fertilizers,
pesticides, and heavy metals. Thiscategory does
not include spill and deposition Sitesthat areentirely
terrestrial-based.
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GLOSSARY
Definitions of Focus Types

Bank Shape- The shape of the streambank, which
typicaly indicatethecondition and overall hedththe
stream channel. Monitoring the shape of the bank
and the presence of undercuts banks (areaswhere
the bank overhangsthe stream) allowsto detect
scouring or erosion occurring inagiven area.

Bank and Shor eline Cover — Structural materials
(boulders, logs, or sstumps), channel features
(ledges, vegetation), that provide protection for
aquatic speciesaong the banks of streeamsand
shorelines of other water bodies.

Bank Stability —Index of firmnessor resistanceto
disintegration of abank based on the percentage of
the bank showing active eros on and the presence of
protective vegetation, woody material, or rock.

Bank Stabilization —Placement of materialssuch
asriprap, logs, gabions, and planting of vegetation
to prevent bank erosion.

Barrier Assessment —The physical approach of
ng potential obstructionstofish passage. Fish
barriersmay be either man-caused or natural.

Biomonitoring Fish Community —Measure of the
richness of thefish community (No. of fishtaxa) as
indicatorsof long-term and broad habitat condi-
tions.

Biomonitoring M acr oinvertebr ates—Measure
of thedivergty (including taxonomicidentification)
and production of thebenthic community asindica
torsof locdized, water quality conditions.

Biomonitoring Periphyton —Measure of the
diversty (including taxonomicidentification) and
production of periphyton asanindicator of biotic
integrity. Periphytonisidentified asattached microf-
loragrowing on the bottom, or on other submerged
substrates.

Biomonitoring Phytoplankton —Measure of

diversity and production of phytoplankton (including
taxonomic identification) asindicatorsof biotic
integrity. Phytoplanktonisidentified assmal plants,
generally smaller than 2 mm and without strong
locomotiveability that are suspended inthewater
column and carried by currentsor wavesthat may
make daily or seasona movementsinthewater
column

Channel Classification — System used to group or
identify streamspossessing smilar featuresusing
geomorphic features(e.g., gradient and confine-
ment), water sources(e.g., spring creek), associ-
ated biota(e.g., trout zone).
Confinement (natural) - The extent that the
valley floodplain of thereachisconfined by
natural features. Itisdetermined astheratio
between thewidth of thevalley floodplainand the
bankfull channel width. Note: thisattribute
addressesthe natura (pristine) state of valley
confinement only.
Gradient — Average gradient of the main chan-
nel of thereach over itsentirelength.

Cover Composition and Abundance—Thetype
and amount of cover availableto salmonidsin
streams.

Cover Density — Theamount of cover availableto
salmonidsin streams per unit, asof area.

EffectivenessM onitoring—Monitoring strategies
that are designed to judge the effectivenessof a
project or silvicultura prescription.

General Vegetation —Measurement of the general
type and amount of vegetation growing near banks
of astream, or body of water (including swamps,
marshes, seaweed beds, eelgrass meadows, kelp
forest, near-stream vegetation, and riparian zone),
including maturity and vertical and horizontd diver-
Sity, continuity of thevegetated areaswithinthe
buffer zone, connectivity to wetlands, and measure
of riparian function that hasbeen dtered withinthe
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reach.

Gravel Availability - Areasthat have sufficient
amount of gravel areasfor salmon spawning and
rearing. Monitoring for gravel availability entails
measuring the extent and the s ze of dominant gravel

particles.

Gravel Composition —Percentage of fine sediment
within pool tail-outsandriffles.

Gravel Embededness—Degreetowhich gravel
and larger sizesparticles (boulder, cobble, rubble)
aresurrounded or covered by fine sediment.

Gravel Rehabilitation - Re-establishment of
streambed conditionsto ideal spawning habitat.
Typicdly grave rehabilitation occursin concurrence
with hilldoperestoration. Gravel rehabilitation
techniquesincludegravel cleaning, gravel placement,
or ingtallation of gravel catchment structures.

Gravel Scour —Natural processassociated with
bedl oad sediment transport. Thislocalized erosion
of substrate from the streambed occurswhen water
velocitiesare high. Other factorsinfluencing the
scour besidesthe duration and magnitude of peak
flowsare LWD loading, runoff fromimpervious
surfaces, splash damming, or stream channdlization
processes.

Habitat Function —Biologica and physica at-
tributesof agiven habitat that influencesurviva rates
of fisnand wildlifeoccupying that habitat. Inthis
document, addressed are only direct habitat func-
tions(e.g., light, temperature, substrate, community
richness), and not indirect ones(e.g., primary
production by plants).

Hydromodifications—Man-made structureswithin
or adjacent to the stream channel constrict flow (as
at bridges) or restrict flow accessto the streams
floodplain (dueto streamsideroads, revetments,
diking or levees) or the extent that the channel has
been ditched or channelized.

L argeWoody Debris Surveying—The measure-

ment of theamount of largewood withinthereach.
Theterm*largewood” refersto any large piece of
relatively stablewoody materia having adiameter
greater than ten centimetersand alength greater
than two metersthat intrudesinto the stream chan-
nd.

M acrohabitat Classification — The measurement
and classification of stream macrohabitat features
that arerelevant to the salmonid lifecycle or water-
shed hedlth. Thefeatures of the macrohabitat
indude:
Channel month maximum width — Average
width of thewetted channel during peak flow
month (average monthly conditions). If thestream
isbraided or containsmultiplechannels, thenthe
width would represent the sum of the wetted
widthsa ong atransect that extendsacrossall
channels. Note: Categoriesare not to be used for
caculation of wetted surface area; categories
hereareusedto designaterelative stream size.
Channel month minimum width — Average
width of thewetted channd. If thestreamis
braided of containsmultiplechannd, thenthe
width would represent the sum of thewetted
widthsa ong atransect that extendsacrossall
channels. Note: Categoriesare not to be used for
calculation of wetted surface area; categories
hereareusedto designaterelative stream size.
Habitat type/backwater pools— Percentage of
thewetted channel surfaceareacomprising
backwater pools.
Habitat type/beaver ponds— Percentage of the
wetted channel surface areacomprising beaver
ponds. Note: theseare poolslocatedinthemain
or side channels, not part of off-channel habitat.
Habitat type/large cobble/boulder riffles—
Percentage of thewetted channel surfacearea
comprising large cobble/boul der riffles (see Platts
et a. 1983 for definitions).
Habitat type/off-channel habitat factor — A
multiplier used to estimatethe amount of off-
channel habitat based on the wetted surface area
of thedl combined in-channd habitat.
Habitat type/ pool tail-outs/glides— Percentage
of thewetted channel surfaceareacomprising
pool tail-outsand glides.
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Habitat type/primary pools— Percentage of the
wetted channel surface areacomprising pools,
excluding beaver ponds.

Habitat type/small cobble/gravel riffles—
Percentage of thewetted channel surfacearea
comprising small cobble/grave riffles(see Platts
et a. 1983 for definitions).

Channel Length - Length of the primary channel
contained with the stream reach—Note: this
atribute will not be given by categoriesbut
rather will beapoint estimate. Length of channel
isgivenfor themain channd only —multiple
channelsdo not add length.

Nutrient Subsidy — Relative abundance of anadro-
mous salmonid carcasseswithinthewatershed (e.g.,
HUC 5level) that can serve asnutrient sourcesfor
juvenilesamonid production, stream/lake hedlth,
and other wildlife.

Photodocumentation —techniquesassociated with
extracting and properly storing useful habitat infor-
mation from ground-based and aeria photography
toadinevauating field dataand making manage-
ment decisionsregarding the photographed sites.

RearingHabitat Availability — Areasthat are
suitablefor saimonid rearing. A species-specific
approachisrequired to determine such locationsas
salmonidsrear indifferinglocationsby species.
Other parametersthat should be considered are:
food source, temperature, stream flow, cover, etc.

Refer ence points—Permanent locationsalong a
stream system that arerepresentative of loca
conditionsthat may be evauated over timefor trend
analysisOR permanent |ocationsthat may be
relocated during subsequent surveysto ensurethe
accuracy of datacollected relativeto prior

survey(s).

Restoring Habitat — Taking actionsto bring
habitat back to aformer or original condition
‘returning it to astate of ecological productivity and
useful structure, using techniquessimilar or homolo-
gousin concept (e.g., bouldersreplacing root
masses); producing conditionsmorefavorabletoa
group of organismsor speciescomplex, especidly

that economically and aesthetically desired of native
floraand fauna, without achieving the undisturbed
condition.

Shordine Animal Damage- Intensiveanima use
of streamsidearess, typicaly resultingindestabili-
zation of streambanks, doughing and masserosion
of bank materia, trampling of edge habitats, and
consumption of riparian vegetation.

Soil Compaction —Compaction of soil by grazing
animalsor other landuse/managment practicesinthe
riparian zone, resulting in reduction of vegetative
productivity and bank stability needed to protect the
stream. Compaction of soil intheriparian zones
often resultsin reduced aeration, dueto more
saturated soilsinthose areas.

Spawning Habitat Availability —Areasthat are
suitablefor salmonid spawning. A species-specific
approachisrequired to determinethe proper
spawning gravel sizeclass, the proper depth of flow,
the proper water velocity, and the proper water
temperature.

Stream Channel Rehabilitation - A method of
rehabilitation (see Rehabilitation) and enhancing
sd monid populationtoimprovethe overwintering
habitat including channe stabilization, energy diss-
pation, and sediment storage. Channel rehabilitation
techniquesinclude LWD and boulder placement,
creation of rifflesand poll sequences.

Stream Dischar ge— Rate at which avolume of
water flow past apoint per unit of time, usualy
expressed as cubic meters per second or cubic feet
per second. Stream dischargeismonitored at
vaiousintervas:
Flow/change ininterannual variability in high
flows— A measure of between year variationin
magnitude of highflow levelsand/or the extent of
changeinoverd| highflow leve duringamonth
relativeto and undisturbed watershed of compa-
rablesize, geology, and geography (or aswould
haveexistedinthe pristine state).
Flow/change in theinterannual variability in
low flows— A measure of between year varia-
tioninthe severity of low flow dischargeduring
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amonth. Variationinlow flowsasapplied hereis
relativeto and undisturbed watershed of compa-
rablesize, geology, and geography (or aswould
haveexistedinthepristinestate).
Flow/intradaily (diél) variation—Variability in
flow level duringadaily period. Thisattributeis
informativemainly for regulated riversor when
flow patternsareinfluenced by storm water
runoff.
Flow/intra-annual flow pattern—The average
extent of intra-annual flow variation during month
—a measureof astream’s“flashiness’ duringa
Season
Hydrologic regime/natural — The natural flow
regimewithin thereach of interest. Flow regime
typically refersto the seasonal pattern of flow
over ayear; hereitisinferred by identification of
flow sources. Thisappliesto an unregulated river
or to the pre-regulation state of aregulated river.
Hydrol ogic regime/regulated — The changein
thenatura hydrograph caused by the operation
of hydrodectricfacilitiesinawatershed.
Definition doesnot takeinto account daily flow
fluctuations (seeflow-intra-daily variation at-
tribute).
Water withdrawals—The number and relative
size of water withdrawalswithin the stream
reach.

Stream M or phology - Techniques associated with
measuring channel cross-section (e.g.,channd width,

depth).

Structural complexity —Relatesto theriparian
forest adjacent to astream, an indication of forest
structurerel ativeto canopy and understory condi-
tions.

Substrate (pebble counts) - Substrate measure-
ment techniquesused torelateland activitiesto
stream habitat quality. Pebble countsact to describe
the sedimentsthat may betransported by aparticu-
lar watershed area.

Total Suspended Solids- total dissolved and
suspended solidsinwater. In stream water, dis-
solved solidsconsist of calcium, chlorides, nitrate,
phosphorus, iron, sulfur, and other ions- particles

that passthrough afilter with poresof around 2
micronsinsize. Suspended solidsincludesitand
clay particles, plankton, agee, fineorganic debris,
and other particulate matter that do not passthrough
2micronszefilter.

Turbidity — Turbidity referstorelativeclarity of a
water body; measurement of the extent towhich
light penetration in water isreduced from suspended
materialssuch asclay, mud, organic matter, color, or
plankton.

Water Temperature—Thedegree of coldnessor
hotness, usually related to azero at the melting point
of ice(Celsusscale).
Temperature/daily maximum (by month) —
Maximum water temperature withinthe stream
reach duringamonth.
Temperature/daily minimum (by month) —
Minimum water temperatureswithinthestream
reach duringamonth.
Temperature/spatial variation—The extent of
water temperature variation withinthereach as
influenced by inputsof groundweter.

Water Chemistry

Alkalinity —Measure of the power of asolution
to neutraize hydrogenions (H*, usualy ex-
pressed asthe equivaent concentration (mg/L ) of
calcium carbonate (CaCQ,).

Dissolved Oxygen — Average dissolved

oxygenwithinthewater columnfor the specified

timeinterval.

Metals/in water column — The extent of

dissolved heavy meta swithin thewater column.
Miscellaneous toxic pollutants/water column
—Theextent of miscellaneoustoxic pollutants
(other  than heavy metals) withinthewater
column.

Nutrient enrichment — The amount of nutrient
enrichment congisting of suchitemsasammonia,
nitrogen, phosphorous.
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GLOSSARY
General Terms

Channel complexity - Desrcibes salmon habitat. A
complex channd containsamixtureof habitat types
that provide areawith different velocity and depth
for useby different salmon lifestages. In contrast, a
smplechannd containsmore uniform flow and few

habitat types.

Distur bance- Eventsthat affect landscapes, from
regions (and watersheds) to sites. They include
floods, wildfires, landdides, and volcanoes. They
may vary inintensity from small-scaeto cata
strophic, and in frequency from afew yearsto many
decades or hundredsof years. Natural disturbance
regimeistheregimethat occured historically.

Ecosystem Diagnosisand Treatment (EDT) - is
amethod that usesa* rule-based” systemthat
focuseson habitat astheunit of analysis, and
estimates salmon performance by using an anaytica
model that predictsthe numbersof fish supported
by the habitat over thesalmon’slife history. Itisan
“expert system” that capturesthe state of existing
knowledgeincluding areasof incoplete or missing
data

Fishway - Passageway, often and ascending series
of pools, designed to permit passage of salmon over
dams, diversions, or other obstructions.

Floodplain - Thelow areaadjoining astreamor river
channd that overflowsat timesaof highriver flow.

Flow/hydr ology - Includes several components of
thenatura flow regimeof streamsandrivers, such
as, volumeisthe amount of surfaceflow; frequency
ishow often aflow above agiven magnituderecurs,
durationistheperiod of time aspecific flow condi-
tion perssts; timingistheregularity or consistency of
specific flow conditions; and rate of changeishow
quickly amount of flow increasesor decreases. Al
of these componentsareimportant to the ecological

integrity of rivers, streams, adjacent floodplains, and
estuaries.

Gabion - Wire cage or basket filled with rocks or
stone used to stabilize banks and to enhance aquatic
habitat.

Habitat access- Unobstructed upstream and
downstream movement of fish of al lifestages.

Habitat-for ming processes- Physical agentsof
landscape pattern formation and maintenance(i.e.,
thenatural ratesof delivery of water, sediment, hest,
organic materials, nutrients, and otehr dissolved
materids).

Historic- Conditions prior to pre-European
settement. Acuta dataon thoseconditionsare
generadly limited, but retrospectiveanaysescanlead
to reconstruction and estimation of those conditions.

I mprevious Surface- Surface (pavement) that
doesnot alow, or greatly decreases, theamount of
infiltration of precipitationinto theground.

Off-channel Habitat - Ponds, oxbows, sloughs,
and other backwater areaswith cover that provide
high-qudlity rearing habitat for juvenilesamon.

Reach - A defined section of ariver or stream
channd.

Refugiaor Salmon Strongholds- Areaswhere
salmon populationsare hedthy and habitat for
juvenilesaimon.

Riparian Zone- The areabetween astream or
other body of water and the adjacent upland slopes.
Thiszoneisidentified by soil characteristicsand
distinctivevegetation. It includeswetlands, the near-
shorevegetation surrounding | akes, the portions of
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flood plainsand valley bottomsthat supportriparian  technical effortsthat describe ecological processes,
vegetation. Theriparian zoneasoincludesthose potentials, functions, and conditionsat multiple
portionsof the upland which havethe potentia to spatia and tempord scales, toidentify and analyze
deliver largewoody debris(LWD) tothe stream causesand effectsafter aperiod of change.
channdl.

Weir - A deviceacrossastreamto raisethe water
Water shed Assessment - A scientifically-based leve or divertitsflow.
approach to understanding how awatershed works:
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APPENDI X |l - Complete

Listingof all documentsexamined in
thisreport, listed by Project Typeand
Focus Type




Freshwater

Project Type

Focus Type

Document Number

Bank Stabilization
Channel Connectivity

Bank and Shoreline Cover

31, 44, 46, 51, 75, 76, 102, 105

Bank Shape

31, 46, 56, 76, 80, 98

Bank Stability

26, 31, 44, 56, 59, 75, 80, 81, 98, 102

Biomonitoring Fish Community

15, 19, 22, 37, 45, 51, 53, 55, 59, 67, 72, 75, 76, 81
82, 83, 85, 90, 91, 102, 105, 109

Biomonitoring Macroinvertebrates

12, 16, 17, 18, 19, 20, 21, 44, 57, 58, 59, 60, 61, 66
72,75, 76, 81, 83, 84, 85, 86, 87, 90, 105, 109

Biomonitoring Periphyton

19, 72,75, 76, 81, 83, 90, 109

Cover Composition and
Abundance

13, 31, 34, 44, 46, 51, 107

Cover Density

16, 46

Freshwater Macrohabitat
Classification

1,2,9,11, 12, 13, 14, 15, 6, 16, 17, 22, 31, 34, 37, 44,
45, 46, 51, 56, 59, 63, 64, 74, 75, 76, 80, 81, 83, 85
86, 88, 91, 99, 100, 101, 102, 105, 106

Gravel Composition

3,6,11, 13, 14, 15, 16, 17, 34, 46, 53, 55, 56, 59, 80,
81, 99, 105, 109

Gravel Embededness

31, 37, 46, 56, 73, 81, 101, 105, 109

Gravel Scour

4,6,11,13, 14,15,17,74

Nutrient Subsidy

62, 104

Photodocumentation

6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75, 59, 76, 77, 98
99, 101

Spawning Habitat Availability

5, 15, 33, 44, 45,76, 91

Stream Discharge

7,11, 16, 17, 44, 14, 15, 22, 31, 32, 33, 34, 46, 63, 75,
80, 81, 109

Structural Complexity

46, 62, 111

Turbidity

16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98

Water Temperature

8, 14, 15, 16, 17, 21, 35, 37, 40, 44, 45, 46, 51, 56, 75
76, 80, 101, 102, 106, 109

Beaver Populations
Maintaining/Restoring

Macrohabitat Classification

1,2,9,11,12, 13, 14, 15, 6, 16, 17, 22, 31, 34, 37, 44,
45, 46, 51, 56, 59, 63, 64, 74, 75, 76, 80, 81, 83, 85
86, 88, 91, 99, 100, 101, 102, 105, 106

Bridge

Headgate
Roughened Channel
Pipes and Ditches

Bank Stability

26, 31, 44, 56, 59, 75, 80, 81, 98, 102

Photodocumentation

6, 11, 13, 14, 15, 16, 17, 25, 47,51, 75, 59, 76, 77, 98
99, 101

Restoring Habitat

62, 111

Turbidity

16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98

Carcass Placement

Biomonitoring Fish Community

15, 19, 22, 37, 45, 51, 53, 55, 59, 67, 72, 75, 76, 81
82, 83, 85, 90, 91, 102, 105, 109

Biomonitoring Macroinvertebrates

12, 16, 17, 18, 19, 20, 21, 44, 57, 58, 59, 60, 61, 66
72,75, 76, 81, 83, 84, 85, 86, 87, 90, 105, 109

Biomonitoring Periphyton

19, 72,75, 76, 81, 83, 90, 109

Nutrient Subsidy

62, 104

Photodocumentation 6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75, 59, 76, 77, 98,
99, 101
Turbidity 16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98

Water Temperature

8, 14, 15, 16, 17, 21, 35, 37, 40, 44, 45, 46, 51, 56, 75
76, 80, 101, 102, 106, 109

Channel Reconfiguration

Bank Shape

31, 46, 56, 76, 80, 98

Bank Stability

26, 31, 44, 56, 59, 75, 80, 81, 98, 102

Macrohabitat Classification

1,2,9,11,12, 13, 14, 15, 6, 16, 17, 22, 31, 34, 37, 44,
45, 46, 51, 56, 59, 63, 64, 74, 75, 76, 80, 81, 83, 85
86, 88, 91, 99, 100, 101, 102, 105, 106
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Freshwater

Project Type

Focus Type

Document Number

Channel Reconfiguration

Photodocumentation

6,11, 13, 14, 15, 16, 17, 25, 47, 51, 75,
59.76.77.98.99.101

Rearing Habitat Availability

33,98

Stream Discharge

7,11, 16, 17, 44, 14, 15, 22, 31, 32, 33,
34, 46, 63, 75, 80, 81, 109

Turbidity

16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98

Water Temperature

8, 14, 15, 16, 17, 21, 35, 37, 40, 44, 45,
46,51, 56, 75, 76, 80, 101, 102, 106, 109

e Culvert Installation Bank Stability 26, 31, 44, 56, 59, 75, 80, 81, 98, 102
. gu'veg Remo}/al Bank Shape 31, 46, 56, 76, 80, 98
: Dzbmris eRrZr:ﬁ/al Photodocumentation 6,11, 13, 14, 15, 16, 17, 25, 47, 51, 75,
« Dike Removal 59, 76, 77,98, 99, 101
e  Deflectors/Barbs Rearing Habitat Availability 33,98
Turbidity 16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98
Water Temperature 8, 14, 15, 16, 17, 21, 35, 37, 40, 44, 45,
46,51, 56, 75, 76, 80, 101, 102, 106, 109
e Diversion Dam Photodocumentation 6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75,
59, 76, 77, 98, 99, 101
Stream Discharge 7,11, 14, 15, 16, 17, 22, 31, 32, 33, 44,
46,63, 75,80, 81, 109
Turbidity 16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98
e Fish By-Pass Barrier Assessment 23, 46, 98, 103, 110
e Fish Screen Photodocumentation 6, 11, 13, 14, 15, 16, 17, 25, 47,51, 75,
e Fishways 59, 76, 77,98, 99, 101
Stream Discharge 7,11, 16, 14, 15, 17, 22, 31, 32, 33, 44,
46,63, 75,80, 81, 109
Rearing Habitat Availability 33,98
Turbidity 16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98
e In Channel Biomonitoring Phytoplankton 90

Hydromodifications

Freshwater Macrohabitat
Classification

1,2,9,11,12, 13, 14, 15, 6, 16, 17, 22,
31, 34, 37, 44, 45, 46, 51, 56, 59, 63, 64,
74,75, 76, 80, 81, 83, 85, 86, 88, 91, 99,
100, 101, 102, 105, 106

Photodocumentation

6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75,
59, 76, 77,98, 99, 101

Water Temperature

8, 14, 15, 16, 17, 21, 35, 37, 40, 44, 45,
46.51, 56, 75.76. 80. 101, 102, 106. 109

Log or Rock Control (weir)

Bank Stability

26, 31, 44, 56, 59, 75, 80, 81, 98, 102

Fish Passage

23,62, 80, 91, 98,103, 110

Photodocumentation

6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75,
59,76, 77,98,99, 101

Stream Channel Rehabilitation

62,92,93, 111

Turbidity

16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98

Water Temperature

8, 14, 15, 16, 17, 21, 35, 37, 40, 44, 45,
46.51, 56, 75.76. 80. 101, 102, 106. 109

Off-Channel Habitat

Biomonitoring Fish Community

15, 19, 22, 37, 45, 51, 53, 55, 59, 67, 72,
75, 76, 81, 82, 83, 85, 90, 91, 102, 105,
109

Biomonitoring Macroinvertebrates

12,16, 17, 18, 19, 20, 21, 44, 57, 58, 59,
60, 61, 66, 72, 75, 76, 81, 83, 84, 85, 86,
87,90, 105, 109

Gravel Embededness

31, 37, 46, 56, 73, 81, 101, 105, 109

Photodocumentation

6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75,
59, 76, 77, 98,99, 101

Rearing Habitat Availability

33,98
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Freshwater

Project Type

Focus Type

Document Number

Off-Channel Habitat

Rearing Habitat Availability

33, 98

Turbidity

16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98

Water Temperature

8,14, 15, 16, 17, 21, 35, 37, 40, 44, 45, 46, 51, 56,
75, 76, 80, 101. 102, 106. 109

Project Success
Monitoring

Habitat Function

24

Photodocumentation

6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75, 59, 76, 77,
98.99. 101

Plant Removal/Control
Revegetation

Bank and Shoreline Cover

31, 44, 46, 51, 75, 76, 102, 105

Bank Stability

26, 31, 44, 56, 59, 75, 80, 81, 98, 102

Bank Stabilization 29, 62

Cover Composition and Abundance (13, 31, 34, 44, 46, 51, 107
Cover Density 16, 46

Effectiveness Monitoring 10, 16, 111

General Freshwater Vegetation

6, 14, 15, 22, 26, 27, 30, 31, 32, 34, 37, 38, 44, 46,
51, 56, 59, 75, 80, 81, 90, 91, 93, 94, 96, 99, 101,
105

Photodocumentation 6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75, 59, 76, 77,
98.99. 101
Structural Complexity 46, 62, 111

Turbidity

16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98

Water Temperature

8,14, 15, 16, 17, 21, 35, 37, 40, 44, 45, 46, 51, 56,
75, 76, 80, 101. 102, 106. 109

Spawning Gravel

Gravel Availability

5,15

Gravel Composition

3,6, 11, 13, 14, 15, 16, 17, 34, 46, 53, 55, 56, 59,
80, 81, 99, 105, 109

Gravel Embededness

31, 37, 46, 56, 73, 81, 101, 105, 109

Gravel Rehabilitation

62

Gravel Scour

4,6,11, 13, 14,15, 17, 74

Photodocumentation 6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75, 59, 76, 77,
98.99. 101
Turbidity 16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98
e Creating/maintaining Photodocumentation 6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75, 59, 76, 77,

Islands or Rafts
Traffic Control

Utility Crossing

Work Site Restoration
Signage

Site Maintenance

98, 99, 101

Woody Debris Structures
and Complex Log Jams

Bank Stability

26, 31, 44, 56, 59, 75, 80, 81, 98, 102

Channel Classification

9, 46, 51, 64, 75, 88, 91, 92, 97, 99, 101, 102, 105,
106. 107. 108

Macrohabitat Classification

1,2,9, 11,12, 13, 14, 15, 16, 17, 22, 31, 34, 37, 44,
45, 46, 51, 56, 59, 63, 64, 74, 75, 76, 80, 81, 83, 85,
86, 88, 91, 99, 100, 101, 102, 105, 106

Photodocumentation 6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75, 59, 76, 77,
98.99. 101

Rearing Habitat Availability 33, 98

Reference Points 6, 11

Stream Morphology

2,4,6,11, 14, 15, 16, 31, 34, 44, 45, 46, 51, 59, 63,
64. 74, 80, 92

Substrate (pebble count)

4,11, 14, 16, 31, 34, 37, 46, 51, 75, 76, 81, 101

Turbidity

16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98

Water Temperature

8,14, 15, 16, 17, 21, 35, 37, 40, 44, 45, 46, 51, 56,
75, 76, 80, 101. 102, 106. 109
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Riparian/Upland

Project Type

Focus Type

Document Number

Erosion Control (Road)
Erosion Control (Slope)
Impervious Surface Removal

Photodocumentation

6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75,
59, 76, 77, 98, 99, 101

Water Temperature

8, 14, 15, 16, 17, 21, 35, 37, 40, 44, 45,
46, 51, 56, 75, 76, 80, 101, 102, 106, 109

Floodplain Restoration
Low/No Till

Road Abandonment and/or
Decommissioning
Silvicultural Manipulation of
Existing Trees

Site Maintenance (lyear or
less)

Utility Crossing

Photodocumentation

6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75,
59, 76, 77, 98, 99, 101

Freshwater Plant
Removal/Control
Revegetation

Bank and Shoreline Cover

31, 44, 46, 51, 75, 76, 102, 105

Bank Stability

26, 31, 44, 56, 59, 75, 80, 81, 98, 102

Bank Stabilization

29, 62

Cover Composition and
Abundance

13, 31, 34, 44, 46, 51, 107

Cover Density

16, 46

General Freshwater Vegetation

6, 14, 15, 22, 26, 27, 30, 31, 32, 34, 37,
38, 44, 46, 51, 56, 59, 75, 80, 81, 90, 91,
93, 94, 96, 99, 101, 105

Effectiveness Monitoring

10, 16, 111

Photodocumentation

6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75,
59.76.77.98.99.101

Structural Complexity

46,62, 111

Turbidity

16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98

Water Temperature

8, 14, 15, 16, 17, 21, 35, 37, 40, 44, 45,
46. 51, 56. 75. 76. 80. 101. 102. 106. 109

Livestock Fencing
Livestock Stream Crossing
Livestock Water Supply

Bank Stability

26, 31, 44, 56, 59, 75, 80, 81, 98, 102

Biomonitoring
Macroinvertebrates

12,16, 17, 18, 19, 20, 21, 44, 57, 58, 59,
60, 61, 66, 72, 75, 76, 81, 83, 84, 85, 86,
87,90, 105, 109

Biomonitoring Periphyton

19,72, 75, 76, 81, 83, 90, 109

Gravel Embededness

31, 37, 46, 56, 73, 81, 101, 105, 109

Photodocumentation

6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75,
59.76.77,98.99,101

Shoreline Animal Damage

46, 105

Soil Compaction

56

Turbidity

16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98

Pipes and Ditches

Photodocumentation

6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75,
59.76.77,98,99, 101

Restoring Habitat

62, 111

Turbidity

16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98

Wetland Creation/Enhancement

Biomonitoring Fish Community

15,19, 22, 37, 45, 51, 53, 55, 59, 67, 72,
75, 76, 81, 82, 83, 85, 90, 91, 102, 105,
109

Biomonitoring
Macroinvertebrates

12, 16, 17, 18, 19, 20, 21, 44, 57, 58, 59,
60, 61, 66, 72, 75, 76, 81, 83, 84, 85, 86,
87,90, 105, 109

Photodocumentation

6, 11, 13, 14, 15, 16, 17, 25, 47, 51, 75,
K9.76.77.98.99. 101

Rearing Habitat Availability

33, 98

Turbidity

16, 17, 21, 25, 44, 46, 70, 76, 81, 95, 98
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Estuary/Near shore/Marine

Project Type

Aquaculture
Landfill Removal

Focus Type Document Number
Biomonitoring Fish Community 24,71
Biomonitoring Phytoplankton 25
Biomonitoring Macroinvertebrates |36, 39, 71, 89

Photodocumentation 6, 11, 13, 14, 15, 16, 17, 47, 51, 59,
75,76, 77,98, 99, 101
Turbidity 16, 17, 21, 24, 25, 45, 46, 70, 76, 81,

95, 98

Water Chemistry

12,15, 16, 17, 21, 22, 25, 34, 40, 41,
42,43, 44, 45, 46, 48, 50, 51, 52, 53,
54, 55, 56, 59, 65, 69, 70, 72, 75, 76,
81, 83, 86, 90, 95, 109

Armoring (Shoreline)

Biomonitoring Fish Community 24,71

Biomonitoring Macroinvertebrates |36, 39, 71, 89
Macrohabitat Classification 24,25, 29, 39, 49, 71
Habitat Function 24

Photodocumentation 6, 11, 13, 14, 15, 16, 17, 47, 51, 59,
75,76, 77,98, 99, 101
Turbidity 16, 17, 21, 24, 25, 45, 46, 70, 76, 81,
95, 98
e Beach Nourishment Biomonitoring Macroinvertebrates |36, 39, 71, 89
* Beach Restoration Biomonitoring Fish Community 24,71

Dredging and Filling (marine)
Tide Gate
Removal/Modification

Tidal Channel Reconstruction

Macrohabitat Classification

24,25, 29, 39, 49, 71

General Estuary Vegetation

24,25, 28, 39, 71

Habitat Function

24

Photodocumentation 6, 11, 13, 14, 15, 16, 17, 47, 51, 59,
75,76, 77,98, 99, 101
Turbidity 16, 17, 21, 24, 25, 45, 46, 70, 76, 81,

95, 98

Water Chemistry

12,15, 16, 17, 21, 22, 25, 34, 40, 41,
42,43, 44, 45, 46, 48, 50, 51, 52, 53,
54, 55, 56, 59, 65, 69, 70, 72, 75, 76,
81, 83, 86, 90, 95, 109

Bulkhead Removal
Flushing/partial Passage
Harbor, Marina, and Ferry
Development

Underwater Marine Structures

Biomonitoring Fish Community 24,71

Biomonitoring Phytoplankton 25

Biomonitoring Macroinvertebrates |36, 39, 71, 89
Macrohabitat Classification 24,25, 29, 39, 49, 71
Habitat Function 24

Culverts in Levees, Installation
Dike Breaching/Removal

Ell Grass, Kelp, or Other
Native Vegetation Planting
Residential Docks in Marine
and Freshwater

Photodocumentation 6, 11, 13, 14, 15, 16, 17, 47, 51, 59,
75, 76, 77, 98, 99, 101

Biomonitoring Fish Community 24,71

Biomonitoring Phytoplankton 25

Biomonitoring Macroinvertebrates |36, 39, 71, 89

Macrohabitat Classification

24,25, 29, 39,49, 71

General Estuary Vegetation

24,25,28,39,71

Habitat Function

24

Photodocumentation

6,11, 13, 14, 15, 16, 17, 47, 51, 59,
75,76, 77,98, 99, 101
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Estuary/Near shore/Marine

Project Type

Focus Type

Document Number

Estuary Plant Removal/Control

General Estuary Vegetation

24,25, 28,39, 71

Photodocumentation 6, 11, 13, 14, 15, 16, 17, 47, 51, 59,
75, 76, 77, 98, 99, 101
Water Chemistry 12, 15, 16, 17, 21, 22, 25, 34, 40, 41,

42, 43, 44, 45, 46, 48, 50, 51, 52, 53,
54,55, 56, 59, 65, 69, 70, 72, 75, 76,
81, 83, 86, 90, 95, 109

Water Temperature

8, 14, 15, 16, 17, 21, 35, 37, 40, 44,
45, 46, 51, 56, 75, 76, 80, 101, 102,
106, 109

e Ghost Net Removal Biomonitoring Fish Community |24, 71
e Removal of Overwater Structures |Macrohabitat Classification 24, 25, 29, 39, 49, 71
Habitat Function 24

Residential Docks in Marine and
Freshwater

Soft Shore Protection

Photodocumentation 6, 11, 13, 14, 15, 16, 17, 47, 51, 59,
75,76, 77,98, 99, 101

Biomonitoring Fish Community (24, 71

Macrohabitat Classification 24, 25, 29, 39, 49, 71

Habitat Function 24

e Toxic Spills in fresh and saltwater |Water Chemistry 12,15, 16, 17, 21, 22, 25, 34, 40, 41,
42, 43, 44, 45, 46, 48, 50, 51, 52, 53,
54, 55, 56, 59, 65, 69, 70, 72, 75, 76,
81, 83, 86, 90, 95, 109
Water Quality
Project Type Focus Type Document Number

Nutrient Loading (remove, reduce
or modify sources

Toxic Loading (remove or reduce
sources of)

Toxic Spills in fresh and saltwater
Wastewater

Total Suspended Solids

17, 46, 78, 81, 95

Turbidity

16, 17, 21, 25, 44, 46, 70, 76, 81,
95, 98

Water Chemistry

12, 15, 16, 17, 21, 22, 25, 34, 40,
41, 42, 43, 44, 45, 46, 48, 50, 51,
52, 53, 54, 55, 56, 59, 65, 69, 70,
72,75, 76, 81, 83, 86, 90, 95, 109

Water Temperature

8, 14, 15, 16, 17, 21, 35, 37, 40, 44,
45, 46, 51, 56, 75, 76, 80, 101, 102,
106, 109

Sediment Collection Ponds

Photodocumentation

6, 11, 13, 14, 15, 16, 17, 25, 47, 51,
59, 75, 76, 77, 98, 99, 101

Total Suspended Solids

17, 46, 78, 81, 95

Thermal Loading (remove or
reduce sources of)

Water Temperature

8, 14, 15, 16, 17, 21, 35, 37, 40, 44,
45, 46, 51, 56, 75, 76, 80, 101, 102,
106, 109
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aerial photo interpretation 55
alevin escapement 15, 60
akalinity
monitoring 23, 28
ammonia
monitoring 7, 31
animal shoreline damage 5
artificial redd
construction 15, 60
avalanches
documentation of 76B
bank
erosion 3, 4
instability 127
reventment 3
shape 5, 34
stability 34, 43, 82, 135
stabilization 123
width to depth ratio 82
bank and shoreline cover 34
bank undercut 82
bankfull
channel dimensions 127
depth 85, 86, 105
wetted width 85, 105
width 30, 69, 85, 86,105
barometric pressure
measuring 27
barrier assessment 5. See also fish passage: barrier
replacement prioritization
beaver activity 83
biochemical oxygen demand 28
biodiversity
restoration of 123
biomonitoring
agee 6, 26, 91
amphibians 43, 127
bacteria 3, 4, 14, 33, 103
bull trout 30
estuarinefish 134
estuarine macroinvertebrates 101, 134
fish 6, 18, 26, 43, 48, 53, 56, 61, 72, 81, 91,
99, 103, 118, 127, 129, 133
intertidal invertebrates 51
macroinvertebrates 1, 2, 3, 4, 6, 18, 22, 26, 29, 36,
43, 46, 52, 56, 70, 72, 73, 77, 91, 92, 95, 103, 107,
118, 133
periphyton 6, 18, 26, 43, 56, 103

phytoplankton 33, 103
wildlfie 44

wildlife 1, 72, 118
zooplankton 103, 118

C

canopy closure 3, 4, 71,86
carbon processes 26
carcass placement See nutrient subsidy
channel
bed stability 17
changes in
due to peak flow discharge 110
large woody debrisloading 110
morphology 111
sediment input 110
characteristics 40, 58, 85, 121, 122, 127
classfication 43, 48, 69, 76, 81, 83, 99, 105, 130
condition assessment 67, 110, 112, 130
confinement delineation 87, 130
crosssection 1, 3, 4, 38, 72
degradation and macroinvertebrate response to 95
gradient 105, 130
gradient determination 3, 30, 49, 72, 87, 94. Seealso
dynamic segmentation
historic adjustments 120
morphology evaluation 9, 44, 68, 69, 75
rehabilitation 123
segmenting 130. See also dynamic segmentation
sinuosity 72, 105, 133
chemicad pollution 14
Clean Water Act 9
compassuse 3,71
conductivity 4, 23, 24, 27, 28, 30, 31, 43, 71,77, %4
cover composition
and abundance 99
cover density 5,71
culvert
characteristics 83
inventory 127
replacement 104

D

diagrammatic mapping 43
dissolved oxygen
1, 4,15, 23, 24, 27, 28, 31, 33, 72, 77
intragravel 60
dynamic segmentation 74. See also channel: segmenting

E

eel grassbeds 11

elevation 30, 94

engineeredlogjams 25, 123

estuaries mapping 42

estuarinevegetation 46, 51, 84, 118, 134
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F

fecd coliform 4, 7, 24, 27, 28, 31,71
fine sediments
percentingravel 115
fish habitat
enhancement 105
rehabilitation 47
fishpassage 48, 76, 83, 104, 123, 128
barrier replacement prioritization 128
official rulesand quidelines 104
fish tissue contaminants 56
fishuse 76
floodplain
active depth 105
characteristics 44
width 105
forage egg deposit 11
freshwater macrohabitat classification 56, 80, 88, 99, 105

G

general freshwater vegetation
2, 5, 8 34, 63 69, 97, 99, 129
geology 34
geomorphic history
of mountain streams 120
gravel
composition 5
embeddedness 5, 16, 35
rehabilitation 123
scour 110, 112
grazing effects
offsetting 122
grazingimpacts 8. Seealso animal shoreline damage

H

habitat access 9

assessment 8, 128

availability 48

classification 43, 118

condition 44

diversity 17

functions 118

suitability criteria 13
hillslope stability 49
historic

channel modifications 131. Seealso channel: changes

in: morphology

fish populations 131

landscape condition 131

riparian modifications 131

water quality documentation 131
hydrology 8, 34, 97, 110, 112
hydromodifications 72

inventory and assessment 126

Index of Biotic Integrity 6
Instream Flow Incremental Methodology 12
intertidal zone

surveying 46

backshore surveying 46

L

land use
and channel response 67
and fish passage 104
documentation 1, 14, 19, 34, 69, 72, 76, 120, 133
historical 127
landslides
documentation of 76
large woody debris
documentation 3, 4, 6, 25, 26, 30, 43, 71,76, 91,
uz
frequency of occurrence 82
input 55
recruitment 49
recuitment rates 122
livestock grazing 133
logjam surveying 116. Seealso: engineered log jams
logging 133
low flow 8

M

macrohabitat classification
estuarine 42, 46, 134
freshwater 5, 18, 30, 34, 67, 73, 123, 129
marinedebris 33
maximumwater depth 30
mining
measuring effectsof 19, 133

N

nonpoint source pollution 15
effects on salmonids 60
regulatory mechanismsfor 58

nutrient processes 26

nutrient subsidy 65, 123
carcassplacement 65, 123
delayed feritlizer deposition 65
delayed fertilizer deposition 123

nutrients
monitoring 14, 23, 24, 33

O

organic contaminants 23
organic matter decomposition 26

P
paralytic shellfish poisoning 33
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peak flow discharge 110
pebblecount 3, 4, 5, 34, 71, 99
percent flow 76
pesticides 77
pH monitoring 1, 4, 23, 24, 27, 28, 31, 72, 77, 94
photodocumentation 20, 43, 61, 71,76, 79, 99, 125
plant identification 8
pool
classification 3, 4, 76, 80
complexitiy 43
density 14
distribution 88
frequency 82, 88
survey 3,71
toriffleratio 76
volumes 17
properly functioning conditions
of lentic areas 96
of lotic areas 97
of riparian wetlands 96, 97
using aeiral photography 20. Seealso
photodocumentation

R

rangeland streams 14
reach establishment 4
rearing habitat 14
reference point establishment 86
refugeareas 16, 25
residual pool depth 9
residual pool index 17
resources restoration 50
restoration project success 84
revetment/erosion survey 3,71
riffle
density 14
frequency 88
quality 17
riparian habitat
atributes 34, 44
conditionassessment 3, 4, 9, 47, 54, 68, 75, 89
dimensions 127
mapping 61
restoration 54, 122
riparianvegetation 6, 14, 43, 91, 121
health assessment 135
riparian wetlands
assessment of 96. See also properly functioning
conditions: of riparian wetlands
riparian zone classification 76
River Diatom Index 36, 37
River FishIndex 37
River Macroinvertebrate Index 37
River Physicochemical Index 36, 37
river restoration principles 105

road construction
measuring effectsof 133

S

salinity
measuring 118
salmonid embryos
survival 60
secondary production
measuring 26
sediment
availability 105
characteristics 100
community metabolism 56
deposition 1, 23, 58, 77
fromroad 49, 77
fromtimber harvest 49
filtering 55
percent fine 60
quality 118
supply 105, 112
suspended 7
toxicity 56
transfer 40
sedimentation
and salmonid spawning 15
shade availability 122
shellfish collection method 33
shellfishtoxins 33
shorelinearmoring 11
soil
characteristics 122
compaction 14
depostion 97
erosion 97
soils
classification 8
solar radiation 26
spacerequirement 16
spawning gravel composition 114
monitoring over time 115
spawning habitat
availability 30, 48, 112, 113
stand regeneration 121
streamdischarge 35, 63, 90, 127, 129
Stream Fish Index (SFI) 36
Stream Habitat Index (SHI) 36
streeammorphology 5, 30, 35, 48, 67, 88, 99
shade 55
width 43. Seealso bankfull: width
streambank
condition 9
erodibility 105
stability 14
streamflow 1, 3, 4, 14, 24, 29, 38, 43, 58, 72, 90, 127
regulation 120
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visua estimatesof 69
streamflow regime 9, 12
structural diversity
restoration of 123
Student Watershed Research Project (SWRP) 2
submerged estuary vegetation 33. See also estuarine
vegetation
substrate
percent composition 3, 30, 43, 69, 76, 105,127
quality 9
stability 17
types 30, 69
suspended solids 31

T

temperature
monitoring 4, 14, 24, 26, 28, 30, 31, 72, 77, 82, 89,
94, 99, 118, 137

temperature buffering 55

temperatureregime 9

thalweg method 17

topographic maps 34

total maximum daily loads 124

total suspended solids 5, 27, 28

toxic chemicals 77

toxicant contamination 33

turbidity 1, 4, 5, 27, 28, 31, 71,77, 118

U
undercut streambank 14. See also streambank
Vv

valley
morphology 76
parameters 127
visibility 30
volatile organic compounds 108

W

water chemistry 1, 2, 4, 5, 33, 56, 71,73, 98, 99, 108,
129

automated 66
water diversions 128
water quaity 1, 2, 7, 8, 10, 14, 18, 19, 21, 23, 24, 26,
28, 31, 34, 36, 58, 72, 98, 109, 118, 127

automated 66

contamination by trace elements 109

hydrophobic organic compounds 109

total maximum daily loadsanalysis 124
water quality based on biological communities

39, 53, 64, 71, 93

wood volume

guantitative estimation of 69
woody vegetation regeneration 14, 135
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