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I field crews. Most of the physical habitat methods are close modifications of those used In the 
U.S. Environmental Protection Agency's (EPA's) Environmental Monitoring and Assessment 

Program (EMAP) and developed by EPA's Office of Research and Development (ORO, Peck et al. 
2004). The benthic macroinvertebrate collection methods are based on EMAP methods (EPA's 
targeted riffle methods were derived in turn from methods developed at Utah State University; 

Hawkins et al. 2003). j 
---~ 

The cu rrenl version of these protocols was established by Peter Ode (Department oC Fish and Game's 

(DFG 's) Aquatic Bioossessment Laboratory (ABL)) and David Herbst (UC Santa Barbara's Sierra Nevada 

Aquatic Research Laboratory) with significant contributions from staff at the ABL (Jim Harrington. Shawn 

McBride, Doug Post, Andy Rehll, and Jennifer York], the Surface \Vater Ambient Mnnitoring Program 

(SWAMP) Quality Assurance (QA) Tea m, Thomas Suk and other members of the SWA MP bioassessment 

committee (Mary Adams, Lilian Busse. Matt Cover, Robert Holmes. Sean Mundell. and Jay Rowan) and three 

eXlcmal reviewers: Chuck Hawkins, Dave Peck. and Phil Kaufmann. 

Ode, P.R .. 2007. Standard operating procedures for collect ing macroinvertebrate samples and associated 

physical and chemical data for ambient bioassessmen ts in California. California Slate Water Resources 

Control Board Surface Water Ambient Monitoring Program (SWAMP) Bioassessment SOP 001. 
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SWAMP Sri 
r SWAMP GUIDANCE FOR MACROINVERTEBRATE FIElDGp~~~~C~~SE 

FOR WADEABLE STREAMS 
Background: The SWAMP Bioas5essment Committee met in December, 2004, and agreed 

that the SWAMP Qua lity Assurance Management Plan (QAMP) should be amended to provide 

greater consistency in bioassessmem sampling protocols for wadeable streams. The Committee's 

recommendations were reviewed and accepted by the full SWAMP Roundtable l in February, 2005 

(some of the key considerations Jre contained in Appendix A), j 
~----------------------

The current guidance for macro invertebrate sa mpling under the SWAMP program is as follows: 

I. For ambien t bioassessment monitoring 01 wa deable streams in Calilornia , two methods are to be 

used at sites with riffle habitats ILe., one "multihabitat" sample, and one sample that targets the 

"richest" habitat): 

For sites with sufficient riffle habitat, the two samp les shall be: II) the reachwide bentilOs IRWB) method 

la lso known as "multihabitat" sampling.); and 12) the targeted-riffle composite ITRC) method. 

For low-gradient sites that do not have sufficient riffle habitat, the RWB method is the standard method, 

but we also recommend the option 01 collecting a sample with 12) the "Margin-Center-Margin"IMCM) 

method until ongoing methods comparisons are completed Isee Appendix AI. 

Notes: II) The protocols for each method are provided in this document; 12) Other appropriate methodls) 

will be allowed il the specific monitoring objectives require use of alternative methodlsl.lSee Item E2. 
below.); 13) The protocol recommendations specified above will be reevaluated as results become 

ava ilable from ongoing methods com panson studies.ISee Appendix A for more inlormation.) 

2. The SWAMP DAMP allows flexibi lity in sampling methods so that the most appropriate methodls) may 

be used to address hypothesis tests and project-speci fic objectives that differ from program ob jectives. 

Such situat ions may include, but are not necessarily limited to, special studies le.g., evaluation of 

February 2007 

po int sou rce discharges, above/below comparisons where statistical repl ication is neededl. stressor 

identilication investigations, and long-term monitoring pro jects where consistent data co mparability 

is desired and an alternative method is needed to ach ieve that comparabili ty. In addition, in some rare 

cases where lunding limitations would make it cost-proh ibitive to complete a project in compliance with 

the protocols li sted in #1, above, the project proponent may request to complete laboratory analysi s of 

on ly one sample , and "archive" one of the macroinvertebrate samples li.e .. the RWB sample in streams 

with riffles) to reduce lab costs. Deviations from the protocols specified in #1 above may be granted by 

the SWAMP Bioassessment Coordinator or the full SWAMP Roundtable. 

1. The SWAMP Aoundtabre is the coordinating entity for tile program. Participants inc lude staff from tile State and Regional Water BO<lrds. 
US EPA, the Dep,mmem of Fish and Game. Ihe Marine Pollution Studies LaboralOry. Moss Landing Mari ne Laboratories, contractors, and 
other interested entities. 
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SECTION I 
INTRODUCTION 

This document describes two standard procedures ITRC and RWB) for sampling benthic 
macroinvertebrate (BMI) assemblages for ambient bioassessments. This document also 

contains procedures for measuring instream and ripar ian habitats and ambient water chemistry 
associated with BMI samples. These sampling methods replace previous bioassessment 
protocols referred to as the California Stream Bioassessment Procedure (CSBP, Harrington 

1995, 1999,2002). 

These procedures can produce quantitative and repeatable measures of a stream 'S physical/habitat condition 

and benthic invertebrate assemblages, but they require field training and implementation of QA measures 

throughout the field season. 

The sampling layout described here provides a frameworl, for systematically collecting a variety of physical, 

chemical, and biological data. The biological samp ling methods are designed to nest within the overall 

framework for assess ing the biotic, physical, and chemical condition of a reach. The layout llsed in these 

procedures and most of the physical habitat methods are close modifications of those used in EPA's EMAP 

and developed by EPA's ORO (Peck et ,1 1. 2004) . Data collected using this methodology are genera lly directly 

compa rable to eq uivalent EMA P data, except for the difference in reach length. Other exceptions are noted 

in the text. 

The following steps are presented in an order suggested for efficient data collect ion. The specific order of 

collection for the physical parameters lIlay be modified accurdi ng to preferences of field news, with the 

caveat that care must always be taken to nol disturb the substrates wit hin the streambed before 8MI 

samp les are collected. 

PHYSICAL HABITAT METHODS 

The physical habitat scoring methods described here can be L1sed as a sta nd-al one eva luation or lIsed in 

conjunction with a bioassessment sampling event. However, measurements of instream and riparian habitat 

and ambient water chemistry are essential to interpretation of biaassessment data and should always accompany 

bioassessment samples. This information can be lIsed to classify stream reaches, associa te physical and 

chemical conditi on with biotic cond ition, and explain patterns in the biological data. 
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Because binassessmenl samples can be collected to answer a variety of que!'tions, this document describes 

the component measures of instreanl clnd riparian habitat as independent modules. Although individual 

modules can be added or subtracted from the procedure to reflect specific project objectives, a standard 

set of modules will normally accompany bioassessment samples. This document describes two standard 

groupings of modules that represent two different levels of intensity for charclcterizing the chemical and 

physical habitat data (Table I). The BASIC physical habitat characterization represents a minimum amount 

of physical and chemical data that should be taken along \Vith any ambient BMI sample, the FULL physical 

habitat characterization represents the suite of data that should be collected with most professional level 

bioassessmenL samples (e.g .• SWAMP regional monitoring programs). In addition to these data, we a lso 

briefly introduce additional data modules (e.g., excess sediment, periphyton) that can be collected as 

supplements to the full set (OPTIONAL). Table I lists the physical and chemical variables that should 

be measured under the different levels. 

Nole: SWAMP infl!nds ({) dl!l't:!lop guidance ror sL'lt"!((if1~ apprl.)prillCt' physical htIll/fLlf fflutiHll!s [u lhl! illl t"! fldt'ci 

IlSL'S tit dllfa . Uwil ti,;:> guidance Ii (ll'llill1hic. users ul rhe:;!.! IJrtJtuL'ul.'i sl/ould r.:uf/:>II/r !t'Hh rt-'ph'sL'fllruiIiL'S of 

till' RL'glOTllli \\fmcr Qila/ir), COIHlU/ Buards (Rr!glOfIIli BO(1rds ) ur rhe S\vAlvlP BiO(1SSI!SSJrlt'lIl Courdindtor 1l'1It'1l 

Sdt"!Cll1lg ",(It/flIp.)'. 

FIELD CREW SIZE AND TIME ESTIMATES 

These methods are designed IU be completed by ei tiler two or three (or more) person field crews. A very 

experienced fi eld crew can expect to complete the full suite of physical habi ta t measurements and the two 

BMI sampling protocols in approximately two hours. Less experienced crews will probably take closer to 

three or four hours to complete the work depending on th e complexity of tlte reach. Note that this est imate 

includes Dilly time at the site, not travel time between sites. 

Equipment and Supplies 
Recommended equipment and supplies are listed in Table 2. 
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') 
.'ir;f, 

~ , I • I I 
,. 

Survey Task 151 Basic Full I Option 

REACH DELINEATION Layout reach and mark Use 150-m reach length 
and WATER QUALITY if wetted width st 0 m; transects, record GPS X X 

Use 250-m reach length 
'-- [Conducted before entering coordinates 

if wetted width> 10m 
stream to sample BMls 
or conduct any habitat Temperature, pH, specific X X Multi-meter (e.g., YSI, 
surveys] conductance, ~O. alkalinity Hydrolab, VWR Symphonyl 

Turbidity, Silica 
I X Use test kit or meter 

Notable field conditions 
I X X I 

Recent rainfall. fire events, dominant 
locallanduse 

CROSS-SECTIONAL ~ I X X I Stadia rod is useful here 
TRANSECTS 

I 
Record proportion of habitat classes in Flow habitat delineation X X each inter-transect zone 

BASIC Measurements at Depth and Pebble Count + 
I X I 

5 -point substrate size, depth and CPOM 
main" transects only CPOM records at al121 transects 

FULL Measurements at 11 

I 
All cobble-sized particles in pebble 

main transects (A, B, C, Cobble embeddedness X count Supplement with "random walk" 

0, E, F, G, H,I, J, KI or 21 if needed for 25 

transects (11 main plus Average slope calculated from 
10 inteHransects) for See 10 tnmsect to transect slope 
substrate size classes only Slope 1%1 reach X measurements. Use autolevel 

scale for slopes s 1 %; clinometer is OK 
for steeper gradients 

Sinuosity I X Record compass readings between 
transect centers 

Four densiometer readings at center 
Canopy cover X X of channelltacing L bank R bank, 

Upstream +Oownstream) 

I Riparian I X I Record % or 

In stream Habitat I I X 

I Human Influence I I X 

I Bank Stability I X I X Eroding / Vulnerable / Stable 

I Bankfull I X 

Excess tlransect 

Bankfull width and height, X bank angles 

I Tallies of woody debris 
Large woody debris counts X 

I 
in several size classes 

Thalweg profile i X 100 equidistant points along thalweg I 
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Survey Task Parameterls, Basic - Full ~n 
DISCHARGE TRANSECT Discharge measurements X 

REACH SCALE MEASURE- EPA-ABP visual scoring of • I I X MENTS: habitat features 

Seleeted RBP visuals: X 

See 
Slope 1%, not degrees) X transect 

sca le 

Photo documentation I X I X I 
OTHER OPTIONAL COMPONENTS 

FOOD RESOURCE 
QUANTIFICATION Periphyton 13 replicates) X 

CPOM &FPOM 
(3 replicates) X 

r " . . I . I ,~ 

Physical Habitat 

• GPS receiver 
• topographic maps 
• measuring tape (150-m) 
• small metric ruler or gravelometer 

for substrate measurements 
• digital watch. random number table 

or ten-sided die 
• stadia rod 
• clinometer 
• autolevel Hor slopes < 1%) 
• handlevel (optional) 
• current velocity meter 
• stopwatch fo r velocity measurements 
• convex spherical densitometer 
• flagsl flagging tape 
• rungefinder 

February 2007 

BMI Collection 

• O-frame kick net (lilted with 500-~ 
mesh bag) 

• standard # 35 sieve (500-).1 mesh) 
• wide-mouth 500-mL or 1000 mL 

plastic jars 
• white sorting pan (enamel or plastic) 
· 95% EtOH 
• fine tipped forceps or soft forceps 
• waterproof paper and tape for 

attaching labels 
·10-20-l plastic bucket for sample 

elutriation 
• preprinted waterproof labels (e.g .• 

Rite-in-the-Rain TM) 
• disposable gloves! elbow length 

insulated gloves 

Comments J 
Velocity-Area Method or Neutrally 

Buoyant Object Method 

· Used for citizen monitoring and 
comparison with legacy data 

Channel alterution, sediment deposition. 
epifaunal substrate (redundant if doing 

EPA-RBP scoring I 

Single measurement for entire 
reach only for BASIC. Use autoleve l 

for slopes ~ 1 %. clinometer is OK 
for higher gradients 

Upstream lA, F, K) Downstream IF) 

Qualitative characterization of diatom 
growth and filamentous algal growth, 

Quantification of biomass (AFDM, chi-a) 

CPOM field measure of wet mass 
>1 mm particles. FPOM as 0.25 -1 mm 

fraction (AFOM in lab) 

General! Ambient Chemistry 

• sampling SOP (this document) 
• hip or chest waders, or wading 

boots/shoes 
• field forms printed on waterproof 

paper (e.g .• Rite-in-the-Rain™) 
• clip board and pencils 
• digital camera 
• centigrade thermometer 
• pH meter 
• DO meter 
• conductivity meter 
• fie ld alka linity meter 
• water chemistry containers 
• calibration standards 
• spare batteries for meters 
• first aid kit 

1 
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SECTlD N 2 
REACH DELINEATlDN AND WATER IlUALITY 

REACH LAYOUT AND GENERAL DOCUMENTATION 
The systematic positioning of transects is essential to collecting representative samples and to 

the objective quantification of physical habitat measures. The standard sampling layout consists 

of a 150-m reach (length measured along the bank) divided into 11 equidistanttransects that 

are arranged perpendicular to the direction of flow (Figure 1, Figure 2). Ten additional transects 

(designated "inter-transects") located between the main transects give a total of 21 transects per 

reach. Main transects are designated A through K while inter-transects are designated by their 

nearest upstream and downstream transects (e.g., AB, Be, etc .). In extreme circumstances. reach 

length can be shorter than 150 m (e.g .• if upstream and downstream barriers preclude a 150-m 

reach), but this should be avoided whenever possible. If the actual reach length is other than 150 

m or 250 m this should be noted and explained on the field forms. 

Note I: TI /(' s(r1ll(iarri rc(u:ft It!ngr/I dlllt'r.,· Fn l'" thilt /I :'I'd If7 rIll! EAl /\I ' rit!sign . Hl lull/ell rt 'll ('/ , It' lIglll li' (lS 

deJll/ cd as ...fOx strt'flln [dr/III , u'i lh [J minilllum reach lenglh u{ 1 SO lTl . Th e Elvl ;\P le(/Ch /t ' lIgrh IIPIJrOd cf l ;3 

11 SL.'(J to 1.'/1."; 11,.(:, (/tal t!rWll~/1 /wLJiUl( is Sfllflph:d to Sl1pport W.:c ll rcI tc lish lI s~'L'mhlagt! t!s lilTl{/l L'.'i and rL'il lf i l't' /y 

(l rl'nst' I"I lrI rrl('{Cn.::mioll of c/ullllld r ll rtrllnrristic.'i ( L.'.p, ., rl'sidl/al p OI 1/I'O/!IIT/I 'S lin d wond l' r/t '/l r i." l'.,lirl/{It l's. 

,ill llcil (!WI Wi! cr iricI II rur re/millt! vc>d s[tl v il in ' l'seimmesJ. Programs IPisllifl g to sLImpll.! {is ll IIssL'mlJlagt's fir 

prOd/ICL.' rt..'l tl llllC ht'd setluil itv estiIlIWL.'S sholl id st rongly consider adllptlllg tIl l' fA'IAP buid!lIlCt' rar self i llt: 

r,'IJrll lel/gt lt . 

Note 2: St ft'l1m :; :> 10 III I1'l'tl l't! Width :;Iumld 11.-; , ' (J rl'llch length o( 250 fIl . Somt.' 1't.'I1' Iw~L.' streams (I. l'., 

> 20-1/1 !l't.'tl l....'ci WIdth ) 1II {J\ ' /l ot lh' a£l!.!f//ltl/t..'/\' l"t-,pri.'sl.'1!lt.'d t!Pt!fl Ul' 11 ~50-111 I"Lach. In tI lL'S!! L.-{m::s_ fit..'lJ Cfl'WS 

ShOflld t ft'{i fl t' 11 I"t!ach {ef/stl! rlw e is re/lresew n/il't' 01 the fa rger Sfrt!am st'gffl ellf veins sw dlt.'d (i .e., dU c'II/PI to 

ill Li l/(i L.' t!lld to (hIL,t! "1I.'il ll d ,!r n 'ell's, or Ivur fU .s ix nO/L'-fJl1tl l sL'qrlt'flct!s wil t.'11 pu'''5i lJ/L"J . 

Note 3: When lite ('.mct reach ItlC/ Il ion is fl ot resl rictl!d /IY the sflmplin g desi~f/ . QHempe to positiull reaLiIl!s 

IIp . ..; rrL.'lllit tJllJT/dbL.'~ (0 il Jl()lil rill S /1I/1w 'fl CL.'. 

Step I_ Upon arrival at the sampling sit e, fill out the reach documenlation section of the fie ld forms (s ite and 

projec t identification, str~a lll and wat~rshcd na me, crew members, and Jate/ timej _ If known a t the time uf 

sampling, record the Site Code fo llowing SWAMP site code formats. Dete rmine rhe geographic coordinates of 

Ihe downslream end of Ihe reach (preferably in decimal degrees 10 at leasl four decimal places) wilh a GPS 

receiver and recurd the datuTn selling of Ihe unit (preferably NAD83/ WGS84). 
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K 

JK 

Ht H 
GH 

• G 

reach center = "X" spot 

.: ................ . ~ AS 

L. fom' 
~: 1 

L ___ . area ofeniargemenl ______ 1 

A 

........ 

odiJ lOO~ 

Fl gIH l' 1 l{c j c h LI}Olll 1;1'01111'11 \' 10[ p l l\'~i cd l 1I,IUII,11 ,uld IIw logi c. iI ~'l lTl pl ing showin g P(l:;i li u li s ur" II 111,11 11 II , lII S l'C I ~ ! r\ ~ I\} ,lI Hl l h e 10 ~ lLppklt 1t'1! 1.1 1 

I III~ r - 1r , lI I SCC I :; IAB- JI": ) Til l' ,lI e,\ Il l gh hghl~d III t h e IIgurl' IS ~ .\ l_l.I n dcd III r l ){u r~! Nule rCdc h It:n~th 151) IT1 lor Slre,Hlh ~ 1(1·m ,LVcr ,I!;C \\'l' tlc.i 

Wld [h, .llI d re.ld l knglh ~ 30 III ior :: tn',UlIs ,. III-III .lvcr,I!;C \\'l' tt ed \\'lI lI h 

Step 2, Once a site has been identified. make an in itial survey of the reach from the stream banks (being 

'life to not disturb the instrcilm habitat). If TRe silmples will be collected, identify a ll riffle hilbitat s sui table 

for sampling (see Section IlIa for su itable habitat types) ,1nci note their positions so that a subset can be 

identified for sampling. 

Step 3. Determine if the average wetted width is greater or less than 10 m . If the average wetted width s 10 

m, use a l SO·m reach length . If the average wetted widt h > 10 In, use a 2S0·m reach len gth. 

February 2007 
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Step 4 . Stilning ilt one end of the reach. establish the position of the II main transects (labeled A-K from 

downstream to upstrea m) by measuring IS m [25 m for s treams> 10 m welted width) along the bank 

from the previolls transect. The 10 inter-transecis should be established equidistant from the adjacem main 

transects (i.e., 7.5 III from m a in transects for ISO-Ill reaches, 12.5 m for 2s0-1n reaches). Since th e data 

collection will start at tile downstream end, is often easiest to establish transects starting from the upstreJfTI 

end. For easy setup and breakdown, mark the main transects with easily removable markers le.g., large 

wa5h~r5 ti ed with strips of flagging, surveyor's flags). 

N ote I : W/lill! it i5 fl.sULlilv I!lHil'st co L'stablisl! trtlll .'it!C[ ptJsitiolis {rom £Ill' banks {(lIis lliso rc?£lIlCI!:, dislIlrbllllct! 

to tilt! .slrt!il l1l dwnlld). lilis call Tt'SIl/l i'l 1lI1t!I't!fI :,paciflg tJr lranSIX[S i ll cof1lJ1k.\ .<;trt!Qm rL'adlt's. Ii) al'vid 

til Ii , es(imllte trtI11sea positions iJl' prD]t!Clillg {rom tilt! mid-cl1I1/wt'l (0 lilt? bcmks. 

Note 2: FlaggHlg ur (/ sing/ I.! lhUlk is rt!commI.!NLiL'd cu redu ct..' fflistuk t!s CW1.)t.'ti IJ)' missed nunkL'rs. 

Step S. Measure and record common ambient waler chemistry measurements (pH, DO, specific conductance, 

alkalinity, water temperature) at the downstream e nd of the reach (near same location as the GrS coordinates 

were taken ). These are typically taken with a ha ndhe ld water quality meter (e.g .. YSI. HydrolabJ. but field 

tes t kits [e.g .. Hach) ciln provide ilcceptilble informati on if they ilre properly ca librilted. For ilppropriilte 

calibration methods and calibration frequency. consult the current SWAMP QAMP [Appendix FJ. or follow 

manufacturer 's guidelines. 

Note I : If dlllmClt?risll( j or (ht! j ilt! prohilJit dUIl'1l.Qrt!01f1 t.'lltry. frIt!Will"I.!If'/c'f1lS fIlily iJt.' taken at milt'" point.' HI 

tilt' "L'llch . In all elISC:" amiJit!1Il ChelTlist ry T1lI'USllrt!lIIt.'filS sllOlllri ht! fakt!1I tit tlil' begillll ing of lil t! reach SlIrI'L'\-'. 

Note 2: ; \Ikalifllt)' l!?Sl kits trim' l!Ot IJt!rfurm Il !t.'t/lIl lOll' iVllle strt!lIgl/1 H'!l[l'IS. Programs shullld cof/sitft..'r 

co/lL'crillg lal} stilrlplt's {ur tht'SI:.' sites (SLY .) IVAJ\lP QAJ\tlP (or gllidaf/(l' Ufl rnlleuiflg lJ!dtt!r cl lt:f!l islf)' :i(l ffl l ,/L's). 

Step 6. Take iI minimum of four (4) photographs of the reach at the fo llolVing loca tions: a) Trilnsec t A 

facing ups tream , b) Transect F Cacing upstream , c) Transect F facing downst rea m, and d) Transect I( facing 

dow nstrea m. It lTlay al so be desirab le to take a photograph at Transect A faci ng downstream and Transect I( 

facing ups tream to document conditions immediately adjacent to the reach. Digital photograph s should be 

usen when possible. Record the image numbers on the frout page of the field form. 

Note 1: Hlhell flosslhlt!, plw(o!!mph TlllITlt.'S sliuu ld {aI/v II' SWAMP coding t"VIllil'T/f iUTIs ( "SttlllOnCLld£,_ ry\') '_ 

u/ll/_dI CIITIU/11L'lUdl''' ) . TIlt' Will/ill ' cudt: .,fumld /llell/lk Ullt! 0/ llil' {Ul/VIl'I/IS codes to 11ldinllt' {llft-'ctIUll: I~ H 

(rlglit ImllkJ. LB Ut!{t IJaflk), BB (botllllank:;). US (u/l . ..;treLlm) . OS (tfo ll'flSlrl!llIlI) . SWAMP "'uf,gI!S(S 1l .";I 1lg 

IlfllC[ll l:! ('odt'S LTl'l1fed 11" till:! Clllf/em to 1~I Cl IIlt1I t' liit' org(/TI/.=llliCln. £\·(wlplL'. 60JIVQLB02_20{)·I_03_~O_ 

RHlJS I ~.~3 . 
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Step 7. Record the dominant land lise and land cover in the area surrounding the reach 

{evaluate land cover within 50 In of either side of ttIL' stream rcaLh). 

Step 8. At the bottom of the form. record evidence of recent fl ooding. fire. or other disturbances 

thai might influence bioassesslIlent samples. Especially note if flow conditions have been affecled 

by recent rainfall. which can ca lise significant uJ1der~sarnpling of BMI diversity (see note in the 

following section). If you are unaware of recent fire or rainfall evenls. select the "no" option 

on the forms. 
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SECTION I) 
CULLECT BENTHIC MACRUINVERTEBRATES Il 

MULTIPLE HABITAT AND TARGETED RIFFLE PROTOCOLS 
Null! I : RMI 3t1f1ll,/l'S ifltt'fldt!d fur {l/Iluiellf UiUll SSt!SSlI/l'fl.lS tife gCflt!rafl\' CUflt:'CfUc! 11'1tt!fl :i{rt!tiITlS 

tire a.t or lIear l)(lst! NOll! ( i.I:"' . , I/O( influenced lJ~1 surface' rW IOfT) as sudden /lOll' illueast!s call 

dramatically alf!!r local COfflTTllLllilj' cumposilion. 

Note 2: Guidance liJl" c/ruusing lImong ni.C sampling. NWB ~;(llflfJlillg or l.wfh l/lilt ht! prupideli in (J 

st!paT{lle dUCIUlI('1/l (SL't? APINTldlx ;\ (or cll rrt!/ll gllidu/lce (or sampling Ilnder StVAMP) . 

Once the reach transects have been laid nut, the hiological samples IBMls and algae if included) should be 

collected before any other physical habitat measures so that substrates are not disturbed prior to sampling. 

Both TRC and RWB methods LIse 500-1' mesh D-frame nets (see list of BMI sampling equipment in Table 2). 

The two samples can be collected at the same time by carrying two D~net:; and compositing the material 

from the two samples in their respective nets. [f a two person field crew is responsible for both the 

physical habitat data and benthic invertebrate samples. it is generally best to coHect the benthos at each 

transect, then immediately record the physical habitat data before moving to the next transect. ObvioLlsly, 

this requires especially careful handling of the D~nets during the course of sampling to avoid loss or 

contamination of the samples. It can be helpful to clearly label the two D nets as RWB and TRC. Larger 

field crews Illay choose tu split the sampling between biological team and a physical habitat team and have 

the biological team go through the reach first. The positions of the TRC and RWB subsampling locations 

are illustrated in Figure 2. 

SECTION III A. TARGETED RIFFLE COMPOSITE PROCEDURE 

The TRC method is designed for sampling BMls in wadeable streams that contain iast-water (riffle/run) 

habitats and is not appropriate for waterbodies without fast water habitats. The RWB protocol should be 

used in these situations. Riffles are often used for collecting biological samples (e.g., the old CSSP methods) 

because they often have the highest BMI diversity in wadeable streams. This method expands the 

definition to include other fast water habitats, hO\vever care should be taken when attempting to 

apply this method in low gradient streams. 

Noce: Sillt"l:' (If! s£rcam s (ell{'n 1011 ' grarii c'nt srreams) Iwt'13 l'(1l"imioTl in/lot{! {lill/ilal s II ,jthill the c/UlTIflt:/, r/lis 

g lJianTlct ' shollld not /I t! iI1lCrprL'f !:'d as incillrling ([r('CIS IJlirhirr 100P gmdicfI{ .'trt!(lJIIS rhm nr\! I!nly 1II(llF.1fUlIlV 

/11srer lhan fit l! surrounding /whill1ls . Tilt.: RlVB pn)[ucul should lJL' {/ppli t.'d in fil e:;!:! SiUUllioris. 
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The TRC WitS developed by the Western Center for Monitoring and Assessment of Freshwater Ecosystems 

[www.cnr.usu.edu/wmc) in Logan. Utah [Hawkins et al. 2003) and slightly modified by the EPA program 

[Peck et a l. 2004). Th e TRC has been widely used in Ca li fornia [US Forest Service (USFS), the EMAP Western 

Pilot, and the California Monitoring and Assessmellt Progra m lCMAP)). and ill the interest of methodulogkal 

co nsistency between sta te a nd federal water resource agencies, has been adopted as th e sta ndard riffle 

protocol for bioassessmenl in California. The version described here is th e EMAP mod ifi ca tion, which 

dis tribut es the sa mpling effort throughout the reach. 

Sampling Locations - Acceptable Habitat Types 
Riffles are th e preferred habitat for TRC sa mpling. but other fast wat er habitats are acceptable for sampl ing 

if riffles are sparse. Common fl ow-defined habitat types are lis ted in Table 3 in decreasing order of energy. 

Most st reams contain some or all of the following fast wate r habitat types: I) cascades/falls. 2) rapids. 3) 

ri ffles. 4) runs. All of these a re acceptable fo r TRC sampling if rifiles are not available. 

Note: Hced/l s ;,: flli: CUfflllltJlI fla/u'rat £YjJl'S Ufe.! afrdHg t'ri Uri (1 COf/rill/lIIffl l)t:fll't't'll I IISI/ £tJ fUll ' l'flLTb) ' 

t!Twironlll c ncs, rhe cl1ft'stJrit's grade irHU e.!ad, orllt',- collfillflUflSl\' and afL' 11m JiSCTt'£i.:'. Thu s, dt'lt!rmilltl(!o1/ 

ur halwtIl lvpes 1"t"C/Ulft"S SOTTICll'Iull subJecl/ lIl! deClsioll -makillg. 

. , , , . , , . ,. , , . , , , . , , 

Flow Habitat Type Description 

Cascades I Short, high gradient drop in stream bed elevation often accompanied by boulders and considerable UJrbulence 

Falls I High gradient drop in elevDtion of the stream bed associated with an abrupt change in the bedrock 

Rapids Sections of stream with swiftly flowing water and considerable surface turbulence. Rapids tend to have 
larger substrate sizes than riHies 

Riffl.s Shallow sections where the water flows over coarse stream bed particles that create mild to moderate 
surfa ce turbulence; (< 0.5 m deep, > 0.3 mts) 

Step-Runs A series of runs that are separated by short riffles orflow obstructions that cause discontinuous breaks in slope 

Runs I Long, re latively straight,low-gradient sections without flow obstructions. The stream bed is typically 
even and the water flows faster than it does in a pool; (> 0.5 m deep. > 0.3 mts) 

Glides A section of stream with linle or no turbulence, but faster velocity than pools; I< 0.5 m deep. < 0.3 mts) 

Pools I A reach of stream that is characterized by deep, low-velocity water and a smooth surface; 
I> 0.5 m deep. < 0.3 m/s) 
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FIHllr l'.!. :'l't:IIUII (I I Ihe ~ " lI l t t , lr(t re;l(h l''\ p ,md~l t Irum Fl}:lln: I Sh llWlllg ,il l' ,II' !-,Wt.m .ll o.! jlU5 11 1UII :: 10 r (olil'd I1 1g [11,:11 1111, ' I1h' t"rOI1l\'t' rt l'llr.lle ,... lI n p le~ , 

i l1 :: Ut' <l 11l .lIhi li p .H1;lIl h . lh it.lI llh' ,I .~ lHelnl· fll :: <l n d Ilo \\' IU [,j l,1I p rnp, )rll OI1 n1t' . 1 5 ur~' I11l' IU :i. 

Sampling locations - Selecting Habitat Units 
1\ TRC sample is a composile of eighl individual kick samples of I It ' [0.09 m') of subslra le each. During 

your initial layout of the reach. take a mental note of the number and position of the main riffles in a reach 

[and olher fasl waler habilats if needed). Randomly distribute the eight sub-samples among the fast water 

habitats in the reach, giving preference to riffles where possible. Unless you are sampling in small streams, 

try to avoid very small riffle units (Le" < 5 ft ~ ). If fewer than eight riffles are present in a reach, more than 

one sample may be taken from a si ngle riffl e, especially if the riffles are large, 

Sampling Procedure 
Begin sampliog a t the dowoslream end of the reach a l the first randomly selec ted riffle and work your 

way upst ream. 
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TRC-Step I. Determine net placement within each habitat unit by genera ting a pair of rand om num bers 

between 0 Jnd 9. Exam ples of convenient random number generators include th e hundredths pla ce a n 

the stopwatch feature of a digital watch , a 10 sided die a nd a ran do m number chart. The first number 

in each pair (multiplied by 10) represent s the percent upstream along the habitat unit's length . The secollli 

number in each pair represents the percent of the riffle width from right bank. For exam ple , if the two 

generated ra ndom numbers a re 4 and 7, you will walk upstrea m 40 % of the distance of the riffle and then 

go 70% of the distance across the riffle (see Figure 3). T his position is the center o f the 1 ft2 (O.O~ Ill l) 

sampling quadra t for tha t riffle. If you are unable to sa mple this loca ti on because it is too deep or it is 

occupied by c1 large boulder, select a new pair of random numbers and pick a new spot. 

TRC-Step 2. Position a 500-~ D-net (with the net opening perpendicular to the flow and facing upst ream) 

quickly and securely on the st ream bottom to eliminate gaps under the frame. Avoid, and if necessary 

remove, large rocks that preve nt the sampler from seating properly on the stream botto lll . 

TRC-Step 3. Holding the nct in position on the substrate, visually define a square quadrril that is one net 

width wide and one net width long ups tream of the net opening. Since D-nets are 12 inches wide, the area 

w ithin this quadrat is Ift! (0.09 ml ). Restrict your sampling to w ithin that area. [f desired, a wire frame of 

the correct dimensions can be placed in front of the net to help delineate the quadrat to be sampled, bllt it is 

often sufficient to use th e net dimensions to keep the sampling area consistent. 

TRC-Step 4 . Working backward from the ups treall1 edge of the sall1pling plot, check the quadrat fur heavy 

organisms such as mussels, snails , and stone-cased caddisfli es. Remove these organisms from the substra te 

by iland and place them into the net. Carefully pick up and rub stones direc tly in front of tile net to remove 

attached allimals. Remove a nd d ean all uf th e rocks larger than a golf !Ja lt ('" 3 cm) wi thin your sampling 

quadrat s llch that all th e organisms attached (Q them are was hed downstrea m into your net. Set th ese rocks 

olltside your sampling quad rat a fter you have cleaned them . If the subs trate is consolidated or comprised 

of large, heavy rocks, use your feet to kick and dislodge the substra te to d isp lace 8Mls into the net. If you 

ca nnot re move a rock from th e s tream boltom, rub it (conce ntrating on cracks or indentations) th ereby 

loosenin g any attached inse cts. As you are dis turbing the plot, let the water current ca rryall loosened 

m ateri a l into the net. 

N ote 1: BTl/sIlL'S I1rL' .'UIIIL'liIllL'S IISL'J ill utlll..'l" IJiUt1S.'it'SSlIIl'lI/ lJlv/ueuls to Iidp /U(lSL'f! Llr~d"isl/Is, hw ifl lIlt' 

inrert's( 01 s((!fl !i rlniiziflg COI!tXlioIlS, du flll[ II Sl' (j vnIsh 1l!ll t.:lI r{lllowi{/~ litis fJ((lWco/ . 

NOle 2: 111 saf/dv-borcu/l/ ctf :Hrt..'IlIf/~· , kicklll5 lI 'Il/UII fill! /WU/ClllS (all (//lIck/I' (Ill tlfL' Stl ll/f l /tll g IIcf U I/{h sdncl . 

/11 {If!!s!! sifllatiol1 s, '-ollow til t! standarli pfut'cdul"t's !Jill USI..' ClIrt! ro disturb rIll' suiJstmre 6t!lItll ' !Ind (word kickIng. 

TRC-Stcp S. Once the coarser substrates have been removed from the quadrat. dig your fingers through the 

remaining underlying matericl l to J depth of about 10 em (thi s material is often comprised of gravels and 

finer particles). Thoroughly manipulate tlte subs trates in the quadrat. 
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Note: Tile sum pier II/Il\l sjJt!nd as flwcll rifflt! as flt'Cl'SSlirv tu ill.';jJi'ct !llld elL'w! larser slIusCmlt's . lJlIl SIWHlrl 

takt' (l s(anci(lftl l ime 01 30 .\ ('colllis to fJc!rform Slep S. 

TRC-Step 6. Let the water run d ear of any insects or organic material before carefully lifting the net. 

Immerse the net in the stream several times to remove fine sediments and to concentrate organisms a t the 

end of th e ne t, but be careful to avoid having any wat er or foreign material enter the mouth of the net 

durillg tltis opera ti on. 

TRC-Step 7. Move upstream to the next randomly selec ted habitat unit and repeat steps one through six, 

taking care to keep the net wei but uncontaminated by fore ign material when moving the net from riffle to 

riffle. Sometimes, the net will become so full of ma teria l from the streambed that it is no longer effect ive at 

capturing 8M Is. In these cases, the net should be emptied into sample jars as frequently as necessary, 

fallowin g gu id elines described below in the "Preparati on of 8M! Sampl e Jars" sect ion. Conlinu e until 

you have sampled eight 1ft' (0,09 m' ) of benthos. 

TRC-Step 8, PROCEED to Section 111c. Filling and Labe ling BMI Sample Ja rs. 

left bank 

Ilgl1l bank 

F I ~lIh' j . [ ',1111 1-11. ' :.hll \\1II 1;; ,h. ' 1 ... · , I1 \ld lur ~t· l l'd IlIH . 1 ~ IILJ .~, lI l1 lJ lr n~ 

p,,~ il i(1 n w llhm ,I ~ t'l t't'h'd ni l l~ IInder I IIl' TRl' Ult>III!';\ . [II l h l~ 

1'\ ,lI lI pl,'. Iii,' 1.111.11)111 Il lll1lul'b ·1 .111.1 ;- W,'I " ~" It '{· !t' .1 
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SECTION III B. REACHWIDE BENTHOS 
(MULTlHABITAT) PROCEDURE 

The RWB procedure employs an objective method for 

selec ting slibsalllpling locations that is built upon the II 

tra nsects used for physical hab itat measurements. The 

RWB procedure can be used to sample any wadeable 

strea m reach since it does not target specific habitats. 

Beca use sampling locat ions are defined by the transec t 

layout. the position of individual sllb-samples may fall in 

a va riety of erosional or depositional habitats. 

Note: Samp/III!! Int"flCil l ll ."; sh .. llld IJt' dt."plIlCL'il ""t' m t!lt' r 

downstrL'am of rhe. tnJflsecb [(I (/!Io id riismrlJ!flg sl/iJs(rarL'S 

Fur .~· !!VSelJll el!l physiLCll Iwuiltll (lS Se.SSIll t' fIl S. 

RWB -Step 1. The sampling position within eaell transect 

is a lterna ted between the le ft, center and right positions 

a long a transect (2S%, SO°,.{, anu 75 1}11 of wetted width , 

respectively) as you move upstream from transect to 

transect. Starting with the downstream transect lTransect 
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i\J. identify a point that is 25% of the stream width from the right banl< (note that the right bank will be on 

your left as you face upstream). If you cannot collect a sa mple at the designated point because of deep water 

obstacles or unsafe conditions. relocate the point as close as possible to the designated position. 

Nnt r : A fIl odifiw cioll lO chis procedure! is cWTr!nr lv belllg i llt'estigmr!d by SW,L\1 P. This ·'Il1 £lrgi ll-cr!flll'r·III£lrgill·· 

(MeN!) rfl odi{iclltioTl rl'Jlf{l ces / he! sa mple!s (J{ 2S "I' and 7 .. ; "" or II 'f' lt t!d IJlirich with SIl III /Jll's ()r lIl t! marg ina l 

III1/Jitau ( iTldlldin~ clll crgt'llC lInd. SII /JfIl Crb!'llf lii',L!etfl( i(l fl) 

RWB -Step 2. Place a SOO-~ D-net in the waler so the mouth of the net is perpendicular 10 and facing inlo 

the flow of the water. Ii there is sufficient current in the Jrea at the sampling point to fully extend th e net. 

use the normal D-nel collection technique 10 collect the sub-sample (TRC-Step 3 through TRC-Step G 

above). If flow volume and veloci ty is not sufficient to lise the normal collection technique, use the 

sampling procedure for "slack waler" hab itats (RWB-Step 3 lhrough RWB-Slep 7 below). 

RWB -Step 3. Visually define il I ft' (0.09 m') qUildrat tilat is one net-width wide and one net-lVidth long 

ot the sampling point. 

RWB -Slep <t. Wori<ing haci<lVard from the upstream edge of the sampling plot, checi< the quadrat for 

heavy organisms such as mussels and snails. Remove these organisms from the substrJte by hand and plac£' 

them into the net. Ca refully pick up and rub stones directly in front of the net to remove attached animals. 

Relllove ami clean all of the rucks larger lhan a golf balllVithin your sampling quadrat such lhal all the 

organisms attached to (hem are washed downstream into your net. Set these rocks olltside you r sampling 

quadrat after you have cleaned tl.lem. Large rocks that are less than halfway into th e sampling area should 

be pushed aside. If the suustrate is consolidated or comprised of large, heavy rocks, use your feet to kick and 

dislodge the substrate to displace BMls into the net. If YOli cannot remove a rock from the stream bottom, 

rub it (concentrating on cracks or indentations) thereby loosening any attached insects. 

RWB -Step s. Vigorous ly kick the remaining finer substrate within the quadrat with your feet while dragging 

the net repeatedly through the dislllfbed area just above the bollom. Keep moving the nel all the lime so 

that the organisms trapped in the net will nor escape. Continue kicking the substrate and moving the net 

for 30 seconds. For vegetatiOIH.:hoked sampling points. sweep the net th rough the vegetJ tion within a 

1ft' (0.09 m') quadrat for 30 seconds. 

Note: I( {lu ll' !loll/lil t' i :i lfl Slllfic i t:' lIl {(l 11 ",t ' (l 0 - 1/ t' f. spewl 30 5l!CtJlld:; h(l llci pick i llg fI sall/plt' (rom 1 tt or 
:mlJscnu t' m ,ht! :i! /IIlp lillg I IU IIIC . cl lell :,; lIr " l' ffll ' SrIiJ SCftll l' Il'Il IE \ 'OUf g loP!!!! Ildllds dl/d USt' (l StClle! IPICII S(JU·" 

me . ..;h si:t! to COlleCI fI le orswlisrTI.'; {mill {/k' II I/IlL'r ill the .'d UI L' IPll }, th e 11('( i.'i Ilsed i ll !tl1E!!" fI(Jols. 

RWB -Step 6. After 30 sccollCls. remove the net fro m the water wit h a quick upstream mution to wash the 

organisms to the bottom of the net. 
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RWB -Step 7 . PROCEED to Section IIIc: Filling and Labeling BMI Sample Ja rs 

SECTION III C. FILLING AND LABELING BENTHIC MACROINVERTEBRATE SAMPLE JARS 

Step I. Once all sub-samples (eight for TRC, I( ior RWB) have been collected, transfer benthos 10 a SOO-mL 

or 1000-mL wide-mouth plastic sample jar using one of the following methods. 

Note: Fil'lt.f dllltlruion should ofllv be! 1l.'l!ti lJy !l'eU·tmiflcd {Ield aell's who ([rL' proficienl 11l rc:!rrttJPllIg all 

11l'llIh il' UQ;l llll:iIll S (rUffl rilL' d, sl'tmi,'d if/urgafllL' (nil/ crilll . T!'tiif/jllt: ill [ltl' rl'cugfli[iufI oj (l11/hUit; IlIlIt'rrl'iJ ((Ifl 'S 

is highh' rc!l'01flIllCflcit!d . 

Step la o Complete Transfer of all Sampled Materia l - Inverl lhe contellls of Ihe kick nel into the sample 

jar. Perform thi s operation over a white enameled tray to avoid loss of any sampled mate rial Jnd make 

recovery of spilled organisl11~ easier. Ii possible , remove the larger twigs and rocks by hand after careiu lly 

inspecting for clinging organisms. but be sure not to lose any organisms. Use forceps to remove any 

orga nisms clinging to the net .and place th ese in the sample jar. 

Step I b . Field Elutriation of S,'mples - Ell1pty the conlents of the net intu a large plastic bucket (10-20 L 

is s llfficient). Use forceps to remove any organisms clinging to the net and place these in the bucket. Add 

s tream waler to the bucket and gently swirl the contents of the bucket in order to s llspend the organic material 

(l.Jeing certain to not introduce entrained organisms (mill the source water). Pour the organic matler frulll the 

bucket through a 500-p sieve (or li se the 500-11 net). Repeal this process until no additi onal material can be 

elulrial ed (Le .. only inorganic material is le ft in the bucket). If possible, remove the larger twigs and rocks by 

hand after carefully inspecting for clinging orga,nisms. but be sure not to lose any organ is ms. Transfer all of 

th e material in the sieve (invertebrates and organic matter) into Ihe sample jar. Carefully inspect the gravel 

and debris remaining in the bOllom of the bucket for any cased caddisflies. clams. snails, or other dense 

animals that might remain . Remove any remaining animals by hand and place them in the sample jar. 

Step 2. Place a completed dote/locality label (see 

Lalitude: N 

Longilude:N 

Stream Name: 

w 
w 

NAD27 

NADa3 

Figure 4) on the inside of the jar (use pencil only as most 

'"permanent '" inks dissolve in ethanol) and completely fill 

with 95 % ethanol. Place a second lauel un the uutside 

Site Name/ Code: 

County: 

Date: 

Collector: 

February 2007 

Jar #: of 

Time: 
CI .. I, .... , 

8MI Method: TRC RWB 

of the jar. Note that the target concelllration of ethano l is 

70'~o, but 95% ethanol is used in the field to account for 

dilution from water in the sample. If organic and inorganic 

material does not accumul ate in Ihe net quickly. it may be 

possible to transfer all the malerial in th e net into one jar. 

Otherwise, divide the material evenly among several jars 
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(being careful 10 clearly label them itS part of a set). To ensure proper preserva tion of benthic rnacroinvertebrates 

it is critical that the ethanol is in contact with the 8M's in the sample jar. Never fill a jar more than 2/ 3 full 

with sampled material. and genlly rotate jars that contain mostly mud or sand to ensure that the ethanol is 

well distributed . If jars will be stored for longer than a month prior to proc~ssillg. jars should lIut cuntain 

more than 50 % sample mat eria l. 

February 2007 
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SECTION 4 
MAIN CRUSS-SECTIDNAL TRANSECT MEASURES 

SECTION IVA. PHYSICAL MEASURES 
The majority of physical habitat measurements in this protocol are made relative to the main 

cross-sectional transects (Figure 5). All the measures taken relative to each transect are recorded 

on forms specific to that transect. Start with the downstream transect (Transect A) and repeat 

steps 6- 15 for all 11 main lransct: ts. 

Module A. Transect Dimensions: Welted Width and Bankfull Dimensions 
Welted Width - The wetted chanucl is the zone that is inundated with water ami the wetted width is the 

distance between the sides of th e channel at the point where subst rates are no longer surrounded by surface 

water. Measure the wetted strea m width and record this in the box at Ihe top of the (ransect form. 

Bankfull \Vidlh and Depth - The bankfull channel is the zone of maximum Water inundation in a normal 

flow year lone to twa year flood events]. Since most chan nel formation processes are believed to act when 

flows are within this zone (Mollnt 1995), bankfull d im ensions provide a valuable indication of relative size 

af th e waterbody. 

Note: BfJlfkrllll d i lflCflSlUfl S a rt! I lU lU/1(JIlS/ I' diff'icU/f lU Il.'i.'il':>'; , l'pcl/ i)), t!xpt!rit!ll (.w l {lL'id ert:' II'S ( Sl'£.' lit'iI alld 

JOIiIlSOIl 19tJS 1. I f is offell /l i erul fO discuss l li t:' If ll t:'r."rl'lllliorr or lJank filllloCtUiOIlS 11"1011& fhl! fit!lrf (rc'l!' 11It.'Irl !JCI-:; 

tu rt!llcll Ii ctJ l/ seT/Sus. Til l' USFS ~rh'(lfI l 7~' !lfll PfU lI /ti l'S il ~u()d scI ur ftl S/fII U IUII ,1I lIici t'u ." (u r I IIIIJfVl' lf 1t: 

consisten cy ill tlCClI lure Il(lII krl1ll II/ l '(/S /lli '/ lI enls (hi rp://wll ltp strc'dH/ . ro;. red. IIS/ pll iJlicat ions/ Pldl!o .... IItT/If ). 

Step I. Scout alo ng the s tream margins to identify the location of the brmkfull margins on either bank hy 

looking for evidence of annual or semi-annual flood events. Examples of useful ev idence includes topographic, 

vegetative, or geologic cues tchanges in bank s lope, changes from annual to perennial vegetation, changes in 

the size distribution of surfat:e sediments). \-Vhile the position of drift material caught in vegetation may be a 

helpful aid, this can lead to very misleading measurements. 

NUl l!: The t'Xd C( IId fll rl' of (h i.'; ,'I'u/ellc, ' uaries !!'iri f' /v acmss (l rWISl' il ( ." lrl'{/fn (\ 'f! L'S II nri gC(lTII, lrph ir 

cIItW l t: fcrisr ic.'). If is ht!lp(fli ( l l 11! 1't!.~ l ig(lf r:: rh t! 1!1lliTt! r,'llch Iflll t!/! w l l!fI7pr ing w illft' /]J /"c'l litis !!l' idt1I/C:~ /J~[' lll ""c' 

tht! ( (fI e.' ballk'illllll11Q~ ill mal' be oflscll rt!c.J at IIQ rwus fJ(l illl s along lile reach. Oft !!ll llr t! ban k/i lll posit IOn is 

cflsit:r to illl t!rl'rt!l {rom ull t! 111m/.: (llall lil t! orher; in l Ilt 'S ,' cas!!s. If is !!llsi l.'Sl lU illler lht! uppo:, fr ,' fwn k position 

iJ \ ' pmiecri flg across fif e L/Wlffl d . r\ddir iolflllly. he.iSlfl ( all li e I't! /"ifii..!il IJV medSllrifl~ rllt' ht'ISh( {10m iJuth t1dge ... 

()f rhe Il 'i! f(tx [ ( ilannl!! t() rli t.' /UlfI krlIlI hl' iS/Jr ( r!z eSt' h L'I.~flfS sho ll /d /It! l 'C/ IW/) . 
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Step 2. Stretch a tape from bani' to bank at the bankfull position. Measure the width of the bankfull channel 

from bank to bank at bankfull height and perpendicular to the direction of stream [low. 

Step 3 , Measure bankfull height (the vertical dislance hetween the water height of the water rind the height 

of the bank, Figure 5) and record. 

Module B. Transect Substrate Measurements 
Particle s ize frequency dis tributions often provide valuable information abollt instream habitat conditions 

tha t affect 8MI distributions. The Wolman pebble count technique (Wolman 1954) is a lVidely used and 

cost-effective method for estimating the particle size distribution and produces data that correlates with 

cosily, but more quantitative bulk sediment samples. The method described here follows the EMAP protocol, 

which records sizes of 105 particles in a reach lhve particles from each of 11 main transects and 10 inter-transects). 

NUlt.': Tlte si::c! cw af( lor rlit! {illest p.rrridt: si:::es ill tli l! EMAP pmtocol « 0.06 mm) diff~"'5 ,-rom film ILsed 11\' 

till! Sierra Nt.'I'QrJa Aquwic l~est'jm:1f La/.lofaror)l (SNARL) (l rvgrtllll (0.25 mm). a{lllOllgh 'he narrallpc Jt'scriPlfoll 

lilr tIllS Cllfi1(J i...; rht.' .'-flIT/ 1! ( til !"' pO 1m nr Il'lJidl {illt.' pllrriel!!." mIJ/JL'r! l'etll 'l'{, fI IIIlC'.' {iI/gas 11(1/ollcQI'r {I'!'! ,gn"rryJ. 

Coarse particulate organic matler (CPOM , particles of decaying organic material slich as leaves that are 

greater than 1.0 I11Ill in diameter) is a general indicator of the amount of al1ochthonous organic ma lter 

available at a si te, and its measurement can provide valuable information abow the basis of the food web 

in a s tream reach. The presence of CPOM associiH ed with each particle is qllcllllified at the same lime thai 

particles are measured ior the pebble counts. 
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Step 1. Transect substrate measurements arc taken at five equidistant points along each transect (r- igure 5). 

Divide the wetted stream width by four to get the dista nce between the fi ve points (Left Banl<. Left Center. 

Center. Right Center and Right Bank) and use a measuring device to locate the positions of these points (a 

stadia rod is especially helpful here). Once the positions are identified, lower a graduated roll (e.g" a marked 

ski pole) though the water co lumn perpendicular to both the flow and the transect to objectively select the 

particle loca ted at the tip of the rod. 

Step 2. Measure the depth from the water surface to the top of the particle with the graduated rod and 

record to the nearest cm. 

Step 3. Record the presence or absence of CPOM> I mm within I em of the pa rticle. 

Step 4 . If th e particle is cobble-sized (64-250 mm), record the percent o f th e cobble that is embedded by fine 

particles « 2 mm) to the nea rest 5% (see cobble embeddedness text below), 

Step 5. Remove the particle from the streambed . then measure and record the length of its intermediate axis 

to the neares t mm (see Figure 6). Alternatively, assign the particle to one of the size classes listed in the bottom 

of the transect form. Particle sizes classes can be estimated visually or with a quantitative measuring device 

(e.g., pass! no-pass template, "gravelometer")' Regardless of the method , all pa rticles less than 0.06 mm 

should be recorded as fin es, a ll pa rticles between O.06m rn and 2,0 mOl recorded as sand. Field crews may 

want to carry vials containing sediment particles wit h these size ranges ulilil they are familiar with 

these particles. 

long axis 

,-__ t-_rlinlermediate aXIs 
1+_-+1 short axis 

Front Side 

Flgllh' (' , D l ,lg l ,l lll pi , IUI' t' Illtl jnr I'l!rpr lll liclIl,1I . I .\ t'~ , ' I ~ lIhsl r.i h' 

I '<l rlld t.:" , Til l' tIlIC rHH'dl, lh ' ,I\I~ I ~ I t.:Cllrdctl lur pcbhle L,)lI l1b . 
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Module C. Cobble Embeddedness 
The quantification of substrate embeddedness has long 

been a challenge to stream geomorphologists and 

ecologists (Klamt 1976. Kelley and Dettman 1980). It is 

generally agreed tha t the degree to which fine particles fill 

inte rstitia l spaces has a significant impact on the ecology 

of benthic organisms and fish, but techniques for measuring 

this impact vary greatly (th is is summarized well by 

SyUe and Fischenich 2002. http:/ /s tream.fs. fed. lI s/news/ 

streamnt/pd f/StreamO CT4.pclf ). Here we define 

embeddedness as the volume of cobble-sized particles 

(64-250 mm) that is bllried hy fin e particles 

( < 2.0 mill diamete r). 

Nott.': TI ll s Ifll'[h(lr/ dl lli 'n' /"m fll II' l ' El'vlJ\P fII d /I Oil f(lr TlIt'fl · 

;,ur(Tlg /'! lTIl }t!cidedf1 ~ss, 1I'/II·ell "lell:;ur~s t!lIIv (' drf t!ci ll L'SS u/" 

Il l! jla rticles la rgt:'r IlI llll .! "lIll . 
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Table 4. Size class codes and deliniliansllar particle size measurements 

Size Class Code Size Class Description Common Size Reference Size Class Range 

RS bedrock, smooth larger than a car >4m 

RR bedrock, rough larger than a car >4m 

XB boulder, large meter stick to car 1 -4 m 

SB boulder, small basketball to meter stick 25cm-1.0m 

CB cabbie tennis ball to basketball 64-250mm 

GC gravel, coarse marble to tennis ball 16 - 64 mm 

GF gravel, line ladybug to marble 2- 16 mm 

SA sand gritly to ladybug 0.06-2 mm 

FN lines not gritty < 0.06 mm 

HP hardpan (consolidated fines) <0.06 mm 

WD I wood I I 
RC I concrete! asphalt I 
OT I other I 

'" 

Step l. Every time a cobble-sized particle is encountered during the pebble count. remove the cobble from 

th e stream bed and visually estimate tlte percentage of the cobble'~ volullle that has ueen buried by fine 

particles. Since visual estimates of volume and surface area are subject to large amounts of observer error, 

fi eld crews should routinely calibrate thei r estima. tes with each other and with other fie ld crews. 

Step 2. In the spaces to the right of the pebble count data, record the embedded ness of all cobble-sized 

particles e ncollntered during the pebble count. 

Note: Tilt! roUble cmbt'tldetilll's:i 5((Jrc'~ do not ClJrTl.':'I'OIUiwirh tile sfJlxific panicles ill (iiI:! lJt'hhll' (O/lT/l cell!> tv 

tilt' IL'/f , uw art: 1I1crely a cUlIl'L'Tlil'lIf plllCt' (0 ft..'curd rllt.' datil . 

Step 3. If 25 cobbles are not encountered during the pebble count, supplement the cobbles by conducting 

rI. "rrtnrlom wrl.lI(' through the rea.ch . Starting i1t t1 ranciom poin t in the reach, follow r1 transect from Olle bank 

to the other at J randomly chosen angle. Once at the o ther bank reverse the process with a new randomly 

chosen angle. Record embedded ness of cobble-sized particles in the cobble embedded ness boxes on the 

transect furms until YOll reach 25 cobbles. (f 25 cobb le-sized particles are not present ill tile entire reach, 

then record the values iar cobbles tha t 41re present. 
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Module D. Canopy Cover 
This method uses the Strickler (1959) modificat ion of a convex spherical densiometer to correct for over­

estimation of canopy density tllat occurs wit II unmodified readings. Read the densiometer by coullting the 

number of line intersections that are obscured by overhanging vegetation (see Figure 7). Taping off the lower 

left and right portions of the mirror emphasizes overhead vegetation over foreground vegetation (the main 

source of bias in canopy density measurements). All densiometer readings should be taken with the bubble 

leveled ami 0.3 III (1 ftl above the water surfac e. 

Step 1. Using a modified convex spherical densitometer, take and record four 17-point readings all taken 

frum tile center of eJch transect: a) facing upstream, b} facing downst ream. c) facillg til e left bank, d) facing 

the righ t bank. 

NOle: Tilt:> method dL'I 'imes sligflrll' linm tllm of EMAil (ill rullich m'o addiflOlW/ rL'(l(iil1gs Ilr~ ra/~en III tire IL'ff 

Ilnd righ t !L't:!feli eJge., to iI1LTL'aSL' rt!l'fL'st'lIwt ioll iJ( bank IIL'gelllllufI J. 

® 

bubble level 
ode 2006 

Flg ll l~' ;. 1~l.'pn' !'t' nl ,l1 hlll of th l.' Il1 lrr fl r ~'d :- l ll l ,II.:\' ,I t ,I (\ltl \·I.'X ~ ph t.' n c,11 , il'n't , lf1ll'tcr ,11OWtng t ile p(1~Hilm !l lr l.l pl u g t ll\' UU l lfI \" ,111 11 thp 

J/I lt'rSt' t'!tutt Ih)tll[,; lJ !> l'l l Itl! Ihl.' dl.'l1~i'lI!Ll.'[t' l I"t>,l illllg Th t ' ~ I:U rl' 1t)1 til l' h rjl t llh<.'lll,ll t:l1l1di t lul1 ill tv) IS HI t:uI 't' lt,d 1l!ll't~l'L1 i u li I'W llt S oJ u t oJ i ! ;-
1"1;',1111 ., N,lll' tlh' I h)~ H t l lll p i lil t' h llbl.lc it'\'t' [ II I [h ) \\'111'11 Ihl· 1IL'II ': I(lIlIl.'ll'r " Ie~' l'k tl . 
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Module E. Gradient and Sinuosity 
The gradient of a stream re<lch is one of the major stream classification variables, giving an indication of 

potential wa ter velocities and stream power, which are in turn imponant controls on aquatic habitat and 

sediment transport within the reach. Th e gradient (slope) of a stream reach is often strongly correlated wi th 

Illany BMI metrics and other physical habitat measures and is therefore very useful when interpreting BM I data. 

The "full" physical haiJitat methud uses \0 transect to transect measurements to ca lcu late the average slope 

through a reach. Although this is J little more time intensive than the reach-scale transect measures used 

in the "basic" protocol, it results in more precise slope dete rmination and the ability to quantify slope 

va riabili ty wi thin a reach . Sinuusity (calculated as the ratio uf the length of the fl ow path between the ends 

of the reach and the stra ight line distance between the ends of the reach. Kaufmann et al. 1999) is measured 

at the same lime as slope. These two measurements work best with two people, one taking the readings at 

the upstream transect (OO backsighting··) and the other holding a stadia rod at the downstrea m transect. If you 

cannot see the mid point of the next transect from the start ing poin!, lise the supplemental sections (indicating 

the proporlion of the total length represented by each section) . Otherwise, leave these blank. 

Nmc I : AI! (lU[O fl'pel should III? IIsc!d tiJl' I'I 'arI1C.'i 1l'1t1, n lJL'tct.'nt slopt' of ft'~s th!In or t!(/II!l/ /() 1 "" . All HlL'f /W(t,· 

(d /flUff/ t'lL'r. /wrld it 'lId, ur 11Il(U fl'l'd) fll(lI' lh' II St.'d lur f !..'d eft!! ;) wit It a l)t'lt't'/ll ;,)' {uPL' ut' grL'd l L'r £/11111 I " II . HI t! 

/iJf/uwillg lie.,·criplio/l IS {or dll lOlflt.!lcr· /JlI st.'ri s/o/JI..' fll t'I ISlJrelflt.'I/!:;, i)lf( lit e :.;arne pnllcipft's apply to Il :;c' tJ( WI 

lIlIto o r /tand It! l'd. 

Nu te 2: In reaclles (lUll (lre c!us,-' to I ",. , \'011 U'IIlIIUl knvll' whether \'(HI (lrt' a/wilt.' prlJdoll' fI' L' J " " :-:{UjJr.:! 

CIHO{{ ber(H!! rakillg rf!atiillgs . 11/ lhesl' CCISt'S, rlL'/ l llllt /0 1l3C uf il fl LlllfOh'Pl'!. 

Step 1. Beginning with the upper transect (Transect K), one person {the measurer} should stJnd at the wa ler 

margin with a clinometer held at eye level. A second person should siand at the margin of the next downstream 

transect (Transect J) with a stadia rod fl agged at the eye level of the person taki ng the clinumeter reaJ illgs. 

Be sure you mark your eye level while sta nding on level ground! Adjust for water depth by measuring fro m 

the same height abovE' the water su rface ;H both transects. This is mOSl eas ily accompli shed by holding the 

base of the pole at water level. 

/Volt!: An dltlTrwlillt' It'chnil/IlL' is l() Il SL' /11'(1 slu(/ifl rods PTt'}(([S!jI'd ar lltl' L'YL'-I,Clgllf (1(lltt' person laking 

tllL' ri?arilflgs. 

Step 2. Use a clinometer to measure the percent slope of the water surfa.ce (not the streamhedJ between 

the upslream transect and the downstream transect by sighting to the flagged position on the stadia rod. 

The clinometer reads both percent slope and degree of the slope. Be careful to read and record percen t slope 

rather than degrees slope (these measurements di ffer by a factor of N 2.2) . Percent slope is the scale on the 

right hand side as you look through most clinometers {e.g .• Slilinto models}. 
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Nore: 11 lIn a utu fl'ud Of liund f~prd I.') fl s l'd , record l ltt! dt' l'wiuH dl /li: rell L'l' ( rhe) Ul'f WL'l'1I tnl1l ~·':[{S lWei tfl l' 

.'h!!!lI/l!fl( lellg ell ( rtlll ) inSfead of tfl e perc(!1ll slope. 

Step 3. If the stream reach geumetry ItlJI<es it difficult to sight a line between transect s, divide the distance 

into two or three sections and record the slope and the proportion of the total segment length between 

transects for each of these sections in the appropriate boxes on the slope form {supplemental segments]. 

Nole: NL'IJl:'r ffll'{lS/lre slupl:' across dn' land (e.g .. tlC/"03S a lIIl'w/(ier Vend). 

Step 4. Take a compass reading from the center of each main transect to the center of the next main transect 

downstream and record this bearing to the nearest degree on the slope and bearing section o( the (orm. 

Bearing measlIremems should always be taken from the upstream to downstream transect. 

Step 5. Proceed downstream to the next transect pair (I-J) and continue 10 record slope and bearing between 

each pair of transects until mea:illremenls have been recorded for all transects. 

SECTION IVB. VISUAL ESTIMATES OF HUMAN INFLUENCE, INSTREAM HABITAT, 
AND RIPARIAN VEGETATION 

The transect-based approach used here permits semi-quantitative calculations from visual es timates even 

though most are categorical data li.e., either presence/ absence or size classesJ because we ca n calculate 

the percentage of transects that fall into different categories. These modu les are adapted directly from EMAP 

protocols with some modifications as noted. 

Module F. Human Influence 
The influence of human activities on stream biota is of crilical concern in bioassessmem analyses. Quamification 

of human activities for these analyses is often performed with GIS techniques, which are very useful bllt are 

not capable of accounting for human activities occurring at the reach scale. Reach sca le observations are 

often critical for t'xplaining results that might seem anomalolls on the basis of only remote mapping tools. 

Step I . For the left and right banks. estimate a 10 x 10 m riparian area centered on th e edges of the transect 

(see Figure 2). Record the presence of 11 human influence categories in three spatial zones relative to this 10 

x 10 III square (between the wetted edge and uankfull margin, between the bankfull margin ami 10 m from 

the stream. and between \0 m and 50 m beyond the stream margins): I) walls/rip-rap/dams. 2) buildings. 

3) pavement/cleared lots. 4) roads/railroads. 5) pipes (inlets or ouilets). G) landfills or trash. 7) parks or 

lawns (e.g .. golf courses). 8) row crops. ~) pasture/ rangelands. 10) logging/ timber harves t activities. II) 

mining activities. 12) vegetative management (herbicides. brush removal. mowing) . 13) bridges/ abutments. 

14) orchards or vineyards. Circle all combinations of impacts and locations that apply. but be ca reful 

to nol double-count any human influence observa tions. 
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Step 2. Record the presence nf any of the II human influence categories in tbe s tream channel within a zone 

5 m ups tream and 5 111 downstream of the transect. 

Module G. Riparian Vegetation 
Riparian vegeta tion [vegetation in the region beyond the bankfull margins) has a strong influence on 

the composition of stream comm unities tbrough its direct and indirect roles in con trolling the food base, 

moderati11g sedimeIlt input s anti acting as a buffer uetween the stream channel and the surrounding 

environment. These methods provide a cursory survey of the condition of the riparian corridor. Observations 

are made in the same 10 x 10 m riparian area used for assessing human infl uence (see Figure 2). 

Nore; Ripllritlll I'cgelt1J ivn fT! t!(lS lIrCflf t! f/tS shou ld tlfll\' iT/dll d/! filling or rt:'ct!lIlfy d t!ud l'egecaJ ivlI . 

The riparian vegetation categories used here were co nd ensed from the EMAP version, which further breaks 

the canopy classes into different components. However, because we have consolidated EMAP categories 

into fewer categories rather th an creating new categories, existing EMAP nata can be easily convened 10 

this format s imply by combining the appropriate categories. 

Step I. Divide Ihe ripari an zone into three elevation zones: 1) ground cnver « (l.S mJ, 2) lower canopy 

[0.5 Ill· 5 Ill), and 3) upper canopy [> 5 m). Record the density of the following riparian classes: I) Upper 

Canopy-Trees and Saplings. 2) Lower Canopy-Woody Shrubs and Saplings. 3) Woody Ground Cover-Shrubs. 

Saplings . 4) Herbaceous Ground Cover-H erbs and Grasses. and 5) Ground Cover-Barren. Bare Soil and Duff. 

Artificial banks [e.g .. rip-rap, concrete. asphalt) should be recorded as barren. 

Step 2. Indicate the areal cover (Le., shading) by each riparian vegetative class as either: 1 J absent, 2) sparse 

1< 10%). 3) moderate [10-40%).4) heavy [40-75%). or 5) very heavy [> 75%). 

Module H. Instream Habitat Complexity 
Instream habitat complexity was developed by the EMAP program to quantify fish concealment features in 

the stream channel. but it a lso provides good info rmation about the general condition and complexity of 

the stream channel. Estimates should include fealures within the banks and outside the wetted margi ns 

of the stream. 

Step 1. Record the amount of nine different channel featu res within J zone Sm upstream and Sm down­

stream of the transect [see Figure 2): 1) filamentous algae [long-st randed algal forms that are large enough 

to see with the naked eye). 2) aquatic macrophytes (include mosses and vascu lar plants). 3) boulders [> 25 

Col), 4 and 5) woody debris [break into two classes· larger and smalier than 30 cm diameter), 6) undercut 

banks, 7) ove rhanging vegetat ion, 8) live tree roots and 9) artificia l structures (includes any anthropogenic 

objects induding large trash objects like tires and shopping carts). Indicate the area l cover of ear.::h fL'ature as 

either: 1) absent. 2) sparse « 10%). 3) moderate (10-40%), 4) heavy (40-7S%), or 5} very heavy (> 75%). 
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1:", m." m .. ,,,., ,. ".," " ~~!~;~,~~~~~;~ ~~"~,~ ;;~~,~~~, ~~.rooo " 
trallsects locat ed a t the midpuillt between main transects. These are called "inter-transects". 

Module B (Part 2) Pebble Counts (same as for transects, but no cobble 

embedded ness measures) 

Step I. Divide the wetted s tream width by four to get the dis tance between the five points (Left Bank, Left 

Center, Center, Right Center and Right Bank) and use a measuring device to locate the posi tions of these 

puints (a stad ia rod is especia lly helpful here, see Figure 5). Once the positions are identified, lower a 

graduated rod th rough the water column perpendicular to both the flow and the transect 10 objectively 

select the particle located at it s tip. 

Step 2. With the graduat ed rod, measure the depth from the water surface to the top of the particle and 

record to th e neares t cm. 

Step 3. Remove the particl e from the streambed, then measure and record the lengt h of its intermedia te 

ax is to the n E.' rHest mm (see Figure 6J . Alt ernatively. a!'sign the particle to one of the size classes listed in 

the bolto m of the transect form (see Table 3 fo r a li st of size classes). Particle size cla sses Illay be estimated 

visually or wi th a quantitative measuring dev ice (e.g .• pass/ no-pass template, gravelomeler). Regard less of 

the method, all particles less than 0.06 mm should be reco rded as fin es , while all particles betwccn 0.06 mm 

and 2.0 m Ol should be recorded as sa nd. Fie ld crews may want to carry vials containing sediment particles 

with these size ranges until they are iamiliar with these particle size classes. 

Step 4. Record the presence (P) or absence (A) of any CPOM within I Clll of each particle. 

Module J. Flow Habitats 

Because many benth ic macroinvertebrates prefer specific flow and subst rate microhabitats, the proporti onal 

representat ion of these habita ts in a reach is often of int eres t in bioassessments. There are many di ffe rent 

ways to quan ti fy the proport ions of different fl ow habitats (for example, see text on EMAP's "thalweg profile" 

below). Like the riparian and inSlream measures lis ted above, this procedure produces a semi-quantita tive 

measure consisting of to trnnsect-based visual eSl imates. 

Note: Tilt! ((I[C'!;ories used lIe/'I.' art! vased (Jfl lho:ii! u.-.cd ill tlk' EMAP Plu lucof. !Pi l ll pools C(J11Il.Jill.ed lI/l(l () lIC 

clil ss lllld l'll Sciltfl ':i t1l1d !alls CUIIIVllIt'J /11141 Ill/urhL'r dt1ss. 
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Step 1. At each inter~transec t. identify the proportion of six different habitat types in the region between 
the upstream transect and downstream transect: I) cascades/fall s, 2) rapids , 3) riffles, 4) runs, 5) glides , 

6) pools, 7) dry areas. Record percemages to the nearest 5% - the total percentage of su rface area [or 

each section must IOtal lUO %. 
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SECTIUN G 
DISCHARGE 

Stream discharge is the volume of waler that moves past a point in a given amount of time and is 

generally repuned as either cuuic meters per second (CIllS) or cubic feet per second (cfsJ. Because 

discharge is directly related to water volume, discharge affects the concentration of nutrients, fine 

sediments and pollutants; and discharge measurements are critical for understanding impacts of 

disturuances s lich as impuundments. water withdrawals and water augmentation. Discharge is 

also closely related La many habitat characteristics including temperature regimes, physical habita t 

diversity, and habitat connectivity. As a direct result of th ese relationships, st ream discharge is 

often also a strong predictor of biotic com munity composition. Since stream volume can vary 

significantly on many different temporal scales (diurnal, seasonal, inter-annuJlly)' it can also be 

very useful for llnclerstanding variation in stream canclitian. 

This procedure (modified from the EMAP protocol) provides ior two different methods for calcu lat ing 

discharge. It is preferable to take discharge measurements in sections where flow ve locities are greater than 

O.IS mls and most depths arc grcater than 15 em, hut slower velocities and shallower depths carl be used . 

If flow volume is sufficient for ,1 transect-based "velocity-area" discharge calculation, this is by far the 

preferred method. If fl ow volume is lOa low to permit this procedure or if your flow meter fails. use the 

"neutrally buoyant objectj timed flow" method . 

NOl I!; Progrdlfl s [ l Ull sample 11Xt'd 51(I..'S rr?pf!(l{r:dlv IT/Q\' lI 'am 10 cOllsider III . .; ((/f[iflg pamarll'fll dl.-c!,fl r!it' est/· 

III ntin li srmrf ll rc." (L'.g . SUlf;(' ,t:rlllgl '.'i . Ider.,- ). 

Module K. Discharge: Velocity Area Method 
The layout for discharge measurements under the ve locity-area (VA) method is illu st rated in Figure 8. 

Flow ve loci ty should be measured with either a Swoffer Instruments propeller-type flow meter or a Marsh­

McBirney inductive probe flow meter. Refer to the manufacturers' instrument manuals for calibration procedures. 

VA-Step 1. Select the best loca ti on in the reach for measuring discharge. To maximize the repeatab ility of 

the discharge measurement, choose a transect with th e most uniform fl ow (!'ie lec t hydraul ica lly smoo th flow 

whenever possible) and simplest cross-sectional geometry. It is acceptable to move substrates or other 

obstacles to crea te a more uniform cross-section before beginning the discharge measurements. 

VA-Stell 2 . Measure the wetted width of the discha rge transect and divide this into 10 to 20 equal segments. 

The use of more segments gives a beller discharge calculation, but is imprac tical in small channels. A 

minimum of 10 intervals should be used when stream width permits, but interval width shaull.! not be 

less th"n I 5 em. 
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VA-Step 3 . Record the distance from the bank to the end of the first interval. Using the lOp-seiling rod that 

c~mes with the flow velocity meter, measure the median depth of the first interval. 

VA-Step 4. Stallding downstream of the transect (0 avaiL1 interfering with the flow, use the top-sL'lting rod to 

set the probe of the flow meter (either the propeller or the electro magnetic probe) at the midpoint of e.lch 

interval, at 0.6 of the interval depth (this position generally approximates average veloci ty in the water 

column), allLl at right angles to the transl:ct (facing upstrea ml, See Figure 8 for posit ion ing detail. 

VA-Step 5. Allow the flo w velocity meter to equilibrate for 10-20 seconds then record velocity to the nearest 

m/s. If th e option is available, use the fl ow averaging setti ng on the flow meter. 

Note: Until" I't'F)' loll' {laul rUlldiflons. {Iau ' pc/orlfy Hlt!l!!"S lIIay rl'giSlL'T rl'l1cJf1I~S o{ ;:('''0 CI'L'1l wllL'n thal' 

IS flotiL't!{1uli! Ilull'. /" rllt!sl' sillimioll .'i, rt!cord (l I'e/ocin' o{ O.Sx rllt: miflim",,, ;JOIl' delt!CfltJlI capaiJililit!,S 

or rh e ;lIsrrWIIL'TlI. 

d 
0.6 d 

left bank 
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VA-Step 6 . Complete Sleps 3 through;; on Ihe remaining inlervals. 

Note: Tile (IrsI llf1{i fasl irHCTl'afs IISIWUy Ii(we riepr/!.s rIfld ut.!loci lies of ::ero. 

Module l. Discharge: Neutrally Buoyant Object Method 
If streams are too shallow 10 use a flow velocity meter, the neutrally buoyant object (NBO) method should 

be used to lIleasure flow velocity. However, since this method is less precise than the flow velocity meter 

it should only be used if absolutely necessary. A neutrally buoyant object (one whose density allows it [Q 

just balance between sinking and floating) will act as if it were nearly weightless, thus it's movement will 

approximate that of Ihe waler it floats in better than a light object. To estimate the flow velocity through a 

reach, three transects are lIsed to measure the cross-sectional areas within the test section sub-reach and 

three flow velocity estimates are used to measure average velocity through the test reach. To improve 

precision in velocity measurements, the reach segment should be long enough for the float time to 

last at leasl 10-15 seconds. 

NBO-Step I. The position of the discharge sub-reach is not as critical as it is for the velocity-area method, 

but the same criteria for selection of a discharge reach apply to the neutrally buoyant object method. Identify 

a section that has relatively uniform flow and a uniform cross sectional shape. 

NBD-Slep 2. Th e cross sectional area is estimated in a manner that is similar but less precise than that used 

in the velocity area metllOd. Measure the cross sectional.Jrea in olle to three places in the sectiun designated 

for the discharge measurement (three evenly-spaced cross sections are preferred. but one may be used if the 

cross section through the reach is very uniform). Record the width once for each cross section and measure 

depth at five equally-spaced positions along each transect. 

NBO-Step 3. Record the length of the discharge reach. 

NBO-Step 4. Place a neulrally buoyant objecl (e.g., orange, rubber ball, heavy piece of wood, etc.) in Ihe 

water upstream of the discharge reach and record the length of time in seconds that it takes for the object to 

pass between the upstream and downstream boundaries of the reach. Repeat this timed float three times. 
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SECTI ON 7 
POST-SAMPLING OBSERVATIONS 

Module M. Rapid Bioassessment Procedures Visual Assessment Scores 
lIor Basic Physical Habitat, or optional supplement) 
EPA's Rapid Bioassessment Procedures (RBPs. Barbour et al. 1999) include a set of 10 visual 

criteria for assessing instream and riparian habitat. The RBP has been used in the CSSP since its 

first edition (19LJS) and thus, this information is often valuable for comparison to legacy da lasels. 

The criteria a!so have a useful didactic role since they he lp force the user to quantify key features 

of the physical environment where bioassessment samples are collected. 

Module N. Additional Habitat Characterization (Full Physical Habitat on ly) 
The RBP stream habitat visual estimates described in Step I are not included in the Fu ll Physical Habitat 

versiol1 because they are generally replaced by more quantitative measurelllents of similar variables. 

However, we have found that three of the RBP measures are reasonably repeatable and include them 

in the reach wide assessment portion of th e Full Physical Habitat version. 

Note: This is [h~ ollly lXl:'ie ill ll'llidl (J /lI t!lI S11rt! rll t! fI{ illdutit!ti in {he basic [Jroct.'riurt.' i:; IW{ incll.ll/t.'d III 

I"e f'lil . 

Module O. Reach Slope (for Basic Physical Habitat only) 
Reach s lope should be recorded as percent slope as opposed to degrees slope to avoid confusion. Slope 

rne.lsurements work best with two people, one taking lhe readings at the ups trea m transect a nd the other 

holding a stadia rod at the downstream transect. If YO ll cannot see the mid point of the next transect from 

the s tarting point, lise the supplemental sections (indicating the proportion of the lo(allength represented 

by each section). 

An aulo level (with it tripod) should be lI sed for reaches with a percent slope of less than or equal to 1 tXI. 

All methods (clinometer, hand level, or auto level) lTIay be used for reaches with a percent slope of greater 

than 1 %. In reaches that are close to 1%, YOli will not know whether you are above or below the 1 % slope 

cutoff. In these cases, default to use of all auto level. 

Step 1. Divide the reach into multiple segments such that stadia rod markings can be easily read with the 

measuring device tu be empluyed (this is especially a factor for clinometer and hand level readings). 
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Step 2. Use a clinometer, hand level, or auto level to measure the percent slope of the water surface 

(not the streambed) between the top and bottom of each segment. Be sure to adjust for water depth by 

measuring from the same height above the water surface at both transects. Also be sure to record percent 

slope, not liegrees slope. Record the segment length fur each of these sections in the appropriate boxes 

on the BASIC slope form. 
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SECTION 8 
OPTIONAL EXCESS SEDIMENT MEASURES 

Future ed itions of these protocols will include supplemental modules, including a full disCllssion 

of til e lIleasurements used for calculating the eXcess sediment index {sometimes referred to as 

log relative bed stability, LRBS). However, since several of the measurements in EMAP's physical 

hClbitat protocols are interwoven into the layout of this protocol, a brief overview of the additional 

mea suremellts collected for tlte LRBS calculations is included here for infurmatioll purposes Dil ly. 

For detai led explanations of these measurements, consult Peck et al. 2004. 

Woody Debris Tallies 
Large woody debris (logs. snags, branches, etc.) that is capable of obstructing flow when the channel is at 

bankfull condition (just short of flood stage) contributes to the "roughness" of a channel. The eifect oi Ihis 

variahle is to reduce water velocity and thereoy reduce the stream's competence to move subst rate particles. 

The EMAP protocol tallies all woody debris with a diameter greater than 10 cm ( N 4") into one of 12 size 

classes based on the length and width of each object. Tallies are conducted in the zone between the 
main transects. 

Thalweg Measurements 
A stream's thalweg is a longitudinal profile that cunllects the deepest points of successive cross·sections of 

the strea m. The thalweg defines the primary path of water flow through the reach. Thalweg measurements 

perform many functions in the EMAP protocols, producing measurements for the excess sediment 

calculations (residual pool volume, stream size, channel complexity) and flow habitat variability. 
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SECTION 9 
OPTIONAL PERIPHVTON IlUANTIFICATION 

Periphyton Quantification 
Characterization of periphyton has a dual rule in bioassessments, as periphyton is both a food and 

habitat resource for benthic macroinvertebrates and fish and an effective bioindicator on its own. 

Quantification of periphytic resources will be covered LInder a separate SWAMP bioassessment 

protocol. but will inc1uJe procedures for qualitative characterizat ion of diatom assemb lages. 

documentation of filamentous algal growth, and biomass quantification (e.g . . ash-free dry mass 

and chlorophyll a). 
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SECTION 10 
IlUALITY ASSURANCE a CONTROL PROCEDURES 

The SWAMP bioassessment group is current ly developing guidelines for quality assurance and 

quality control for bioassessmellt procedures. Future revisions to this docum ent will include 

guidance covering personnel qualifications, training and field audit procedures, procedures for 

field calibra tion, procedures for chain of cusLOdy documentation. requirements for measurement 

precisiull, health and safely wa rnillgs, ca utions (actions tha t would result in instrtlmellt damage or 

compromised samples). and interferences (consequences of not following the s tandard operating 

procedure. SO P). J 
l~~_ 
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DEFINITIONS OF TERMS USED IN SOP D 
I 

' IlIiiiloll:1U l'l;Dtill 

I DEFINITION 
I California Department of Fish and Game's Aquatic Bioassessment laboratory 

I Derived from a source external to the stream channel (e.g., riparian vegetation) as opposed to 
autochthonous, which indiciltes a saurce inside the stream channel (e.g ., periphyton). 

I Biological monitoring that is intended to describe general biotic condition as opposed to a 
diagnosis of sources of impairment 

I The bankfull channel is the zone of maximum water inundation in a normal flow year (one to two 
year flood events) 

I Benthic macroinvertebrates: bottom-dwelling invertebrates large enough to be seen with the 
unaided eye 

I The volume of cobble-sized particles (64-250 mm) that is buried by fine particles 
(<2.0 mm diameter) 

I Coarse particulate organic matter (CPOM, particles of decaying organic material such as leaves 
that are greater than 1.0 mm in diameter) 

I California State Bioassessment Procedures 

I California Department of Fish and Game 

I The U.S. Environmental Protection Agency's Environmental Monitoring and Assessment Program 

I The U.S. Environmental Protection Agency 

I Substrate particles less than 0 06 mm diameter (not gntty to touch) 

Transects established at points equidistant between the main transects 

Margin-Center-Margin alternative procedure for sampling low gradient habitats 

I EPA's Office of Research and Development 

I Quality assurance management plan 

I EPA's Rapid Bioassessment Proc edures 

I A segment of the stream channel 

I An area of land and vegetation adjacent to a stream that has a direct effect on the stream. 

I Reach-wide benthos composite sampling method for benthic macroinvertebrates, also referred 
to as multi-habitat method 

I Southern Coastal Cali fo rnia Water Research Project 

I Sierra Nevada Aquatic Research Laboratory 

I The composition of a streambed, including both inorganic and organic panicles 

I The State Water Resources Control Board's Surface Water Ambient Monitoring Program 

I A longitudinal profile that connects the deepest points at successive cross-sections of the 
stream. The tha lweg defines the primary path of water flow through the reach 

I 
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-DEFINITION 
lines drawn perpendicular to the path of flow used for standardizing sampling locations 

I Targeted riffle composite sampling method for benthic macroinvertebrates 

I The United States Forest Service 

I 
Streams that can be sampled by field crews wearing chest waders (generally less that 0.5 m -1.0 
meters deep) 
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FACTORS TO CONSIDER WHEN RECOMMENDING! 
CHANGING BIOASSESSMENT METHODS 

APPENDIX A A 
Beyond the primary considerations of precision and accuracy, there are at least five other key 

issues that SWAMP has considered and should consider in the future, when recommending or 

changing its official methods for bioassessment. These issu es include: 

I . Cosls of Collecling Samples via Mulliple Pro loco Is - Collecting, processing, and interpreling samples using 

more than one method for each indicator (e.g., algae, macroinvertebrates, fish) per site adds significant costs 

to bioassessment monitoring programs. SWAMP should strive to identify the minimum set of protocols 

necessary for each indicator. However. this should not come at the expense of sound moniwring. If more 

than one method is needed to interpret the biological response. then this decision should be based on a 

cost-benefit assessmelll. 

2. Costs of Maintaining Multiple S\VAMP Protocols - While multiple methods for monitoring a given 

indicator may provide additional accuracy in specific habitats, there are significant costs to maintaining 

multiple protocols: 

a . Need lO maintain mel hod·specific infrastructure (e.g., separate reference samples, separat e indices of 

biot ic inlegrily llBls). separate DIE models, etc.}. 

b. May lose or impair ability tu compare across sites if differellt methods are useJ (see Issue 5 below). 

c. Guidance on when 10 lise methods becomes more complex. For example. we need to define very 

specifically which methods to use at each waler body type; and thus, which tools can be llsed to 

interpret them. 

RCCOIflHl t'lIrllllivlI : SWAMP sho l/ ld lfIaiuwin as kll' p1"(l{(lwis as 1ll.'Cessw l'. I{ wt.' deu {(I add Hell ' or flI lJ{Ji/ktl 

pl"OlOW/."; it s!to/lld Ih' bc('(lHSI.' Ipe h a pt! delemllned rh .1t tIl t! added I'a/Il l! IS Il !orrh al/ uf tht.' cos ts Iisled II VOPt.! . 

3. Separating Physical Impairment from Water Quality Impairment - One of the original reasons for 

adding a multi habitat component to SWAMP bioJssessment prograllls was the potential for distinguishing 

physical and water quality impairment sources (see recommendations in Barbour and Hill 2002). In regards 

10 macroinvertebrale indicators. the conventional wisdom has been that reach wide (R\V, sometimes referred 

to as muitihabilat or MH) samples should be relatively more responsive to physical habitat aiteration (i.e .. 

fine sediment inputs) than targeted-riffle (TR) samples because it is believed that erosional habitats take longer 
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to respond to sediment stresses, il.nd because poci(cts of riffle habitil.t are thought to act as refugia fmm habitat 

1055. To the extent that this is true, RW and TR samples may offer complemenrary information that allows us 

to separate these sources of impairment. 

vVhile very few studies have add ressed this conventional wisdom directly, recent studies suggest that this 

may 11 0 t be as much a factor as previously believed . In a recent comparison of TR and RV.,r samples at nearly 

2UU si tes s tatewide, the ASL foulld at most weak evidellce to support this notioll (Rehll et al. 2007). Gerth 

and Herlihy (2006) came to th e same conciusion in their analysis of IV 500 sites in the eastern and weste rn 

United States. However, this issue is far from resolved and SWAMP scientis ts currently are not in agreement 

regarding this issue. Since the majority of bioassessrnem programs in California have emphasized targe ted 

riffle sampling, SWAMP will undoubtedly lVant to evaluat e this question furt her before making any policy 

decision to discontinue TR sampling. 

Herolnl1l cfI(lariofl : Uwiltlu·s iSS llt' celT! be i..'ua/wlIt'Cl fli rt/II! " and rl!io{[lt:,d to SlVI\J\lfJ"s SiltL-;!'IUioTl. fllTlIJ!t'fll 

IIIll tmilll't'r!t.'lmuL' s{lfl/JJlf"~ :,h tJ uI.J II/dude till/t'elioll 01 VtJl" l~lV .''; llI1/Jl/~s 1IIId nellt's! ldrC;t'[t'd "(llJitllt (TR or 

MCJ\l J s(/fllplt!.,· (I( t'[It'I)' .') lf~. (Tfl t! TR ml!l/lOt! sliould ht' flSl!d [I'h t'rc' :wffjcir!f/t I'i,,/':$ (I re pre:;;c'Ifl . (lfI d tilt' MeAl 

f1f t!flhJd :'/Wll irl iJl! u sed Ul /olf '-gnulil!1fl 5;tL'."; u'hcrt! ::Ufll"CIt'fll ri/i1e Iwuil llf IS rIOt I1pailllulc. ) 

4 . Compatibi lity with Previous Data - To address this issue, at least three sets of macroinvertebrate sa m­

pling method comparisons have been conducted in Ca lifornia. 

il . Targeted Riffle Methods - Comparisons are complete. Samples collected under the current TR 

protocols are considered imerchangeable with both CSSP and SNARL samples (Ode et al. 2005, 

Herbst and Silldorff 20U6). 

b. Low Gradient Sand-Dominated Streams - Collaborative studies are currently underway between 

Wat er Board Regions 3 and 5, the SOllthern California Coastal Water Research Project (SCCWRPJ. 

and ASL to compare the performance of: ( t) the "low-gradient .. CSSP; (2) RW samples; and 

(3) a modification of th e RW method designed to emphasize habitat s along stream margins (MCM). 

The results of th ese low-gradient meLhods comparisons are not yet available. 

c. Targeted Riffle vs. Re,lchwide Methods - A recent comparison of RW and TR samples 

collec ted from nearly 200 EMAPj CMAP sites is in peer review press (Rehn et al. 2007). 

Results demonstrate remarkably similar performance of the meth ods acmss a wide range of 

habitats. Gerth and Herlihy (2006) recently published a similar analysis with the SJme conclusions. 

However, the bioassessment committee has yet Lo carefully review ilnd discliss these ana lyses 

a nd their implicatio ns ror SWAMP hiomonitoring. 

5. Comparability Among Sites - The ability to compa re biological condition across si tes is a common 

requirement of most ambient bioassesslnent programs. This type of analys is is co nfounded if different 

meth ods a re used at these sites. One of the big advantages of reach wid e (Le., multihabitat) methods is 

that they can be applied anywhere because they don't require a specific habitat for sampling. Statewide 
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bioasscssments and most regionrIl programs will require th e ability to compare their bioassessment results 

among multiple sites (e.g., within a watershed, within cJ region , statewide). 

INTERIM RECOMMENDATIONS FOR MACROINVERTEBRATE SAMPLING 
(UPDATED DECEMBER 20061: 

1. Until we can reach consensus on the outstanding issues (Le., whether a single method for macroinvenebrate 

sampling will meet our needs, and the outcome of R\N vs. MCM comparison st udies for low-gradient 

wadeable streams/ rivers). SWAMP recommends collecting both a reach wide (i.e., multihabitat) and a 

targeted habitat sample at each si te. In high gradient streams, this means using both the RW and TR 

methods. In low-gradient streams, we recommend collecting both RW and MCM samples ulltil the results are 

available from the low-gradient ("non-riffle") compariso n. In rare cases where monitoring objectives cannot 

he met follOWing these recommenda tions, the S\\'AMP Bioassessment Coorciinator may authorize deviations. 

For example, where project-specific objectives differ from ambient monitoring, the SWAMP Bioassessment 

Coordinator may authorize alternate methods. In rare cases where funding is extremely limited and the cost 

of fullowing the above recollllllelllJatiuns would be prohibitive, tlH:.' S\VAMP BiuassessllIent Cuunlinator lIlay 

authorize cost-saving options such as collecting both samp les, but archiving one of the samples for later 

lab analysis. 

2 . SWAMP should develop guidance specifying when and where different methods should be used. For 

example, at ·'Iow gradient" sites, what is the slope clit-off lor other channel fea ture criteria to li se) when 

deciding whelher 10 apply TR or MCM? In addilion. while SWAMP may evenlually choose 10 adopl a single 

method (sLich as RWj at most sites, some regions may determine lhat the value of targeted habitat sampling 

merit s cOl1linued sampling with sllpplemental protocols. In the latter crtse, or if SWAMP determines th aI 

disiinci melhods are needed for different habilat Iypes. Ihe guidance should specify the Iypes of waterbodies 

or classes of walerbadies that require different methods. 
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December 2007 
Recreation TWG 

January 2008 
Aquatic TWG 

Recreation TWG 

February_ 2008 
AquaticTWG 

Recreation TWG 

Placer County Water Agency 
Middle Fork American River Project Relicensing 

Meetings 

Study Plan Agenda Topic' 

REC2 - Recreation Visitor Surveys Discuss general visitor survey instrument 

- - .---.. ----- and iml'lementati(),"--l!.ch~dule ________ 
REC4 - Stream-Based Recreation Discuss focus group process and 

Opportunities schedule 

AQ1 - Instream Flow 2007 field season update 

Review instream calibration flows 

Resource Mana!'jement Obiectives 
TERR1 - Vegetation Communities Presentation of TSP report information 

___ and Wildlife Habitat~_. _ _ __ 
TERR 4 - Special-Status Wildlife Presentation of TSP report information 
CUL 1 - Cultural Resources Presentation of TSP report information 

REC2 - Recreation Visitor Surveys Discuss draft general visitor survey 
instrument 

REC4 - Stream-Based Recreation 
Opportunities Discuss process and schedule for 

finalizing survey forms 

AQ1 - Instream Flow Develop consensus regarding habitat 
suitability criteria, periodicity charts, and 

_._--,------ habitat modelinfL methods 
AQ2 - Fish Population Discuss appropriate fish standing crop 

comparison datasets 
REC2 - Recreation Visitor Surveys Finalize general visitor survey 

instruments 
REC4 - Stream-Based Recreation 

Opportunities Discuss general visitor survey sampling 
strategy 

Finalize list of focus group participants 
and survey questions 

AQ1 - Instream Flow Develop consensus regarding habitat 
suitability criteria, periodicity charts, 
and habitat modeling methods (FYLF 
only) 

REC2 Recreation Visitor Surveys Finalize visitor survey instrument 
(need Stafford's input) 

REC4 - Stream-Based Recreation 
Opportunities Discuss general visitor survey sampling 

protocols 

Discuss process for finalizing the 
sampling protocols 

Discuss process and schedule for pre-
testing visitor survey forms 

Meeting 
Date 

Oct 1 
Oct 2 

Nov 5 

Dec 10 

Jan 15 
Jan 16 

Jan 29 

Feb 4 

Feb 19 



Meeting Group 

Cultural TWG 

March 2008 
Aquatic TWG 

AqualicTWG 

Terrestrial TWG 

Recreation TWG 

April 2008 

Aquatic TWG 

Recreation TWG 

Placer County Water Agency 
Middle Fork American River Project Relicensing 

Meetings 

Study Plan Agenda Topic' 

Discuss focus group and now study 
implementation and timeline 

CUL 1 - Cultural Resources Status of CUL-1 Cultural Resources 
Technical Study Report - 2007 

Discuss Evaluation Study Process and 
Plan 

AQ1 - Instream Flow Develop consensus regarding habitat 
suitability criteria, periodicity charts, and 

- habitat mo~eling methods 
AQ2 - Fish Population Presentation of TSP report information 

----- . 
l'resent~J.i~n~.LT§P rEl12-ClE! .. ! .~f~_Lm ati~~ =--= _ AQl1_--=--~JEl!_9LJ.~illL _ ___ .. _. _ _ __ . ___ 

AQ12 - Special-Status Amphibians Presentation of TSP report information 
and Aquatic Reptiles 

Discuss need for implementation of 
FYLF contingency studies 

Meetings cancelled 

TERR2 - Special-Status Plants Review and approve Table 1 in TERR 2. 

TERR3 - Noxious Weeds Review and appro,,-e Tab/~!,! TERR 3_ 
TERR6 - Special-Status Bats Presentation of TSP report information 

REC2 - Recreation Visitor Surveys Finalize general visitor survey protocols 

REC4 - Stream-Based Recreation Discuss structured focus groups 
Opportunities 

Discuss whitewater boating flow studies 
in peaking reach 

REC2 - Recreation Visitor Surveys Finalize General Visitor Survey Forms 
and Protocols based on Pretest Findings 

REC4 - Stream-Based Recreation 
Opportunities Approve Focus Group Materials and 

Logistics 

Approve Whitewater Flow Study Survey 
Forms 

Discuss Angler and Trail UselStream 
Crossing Flow Study Survey Forms 

AQ1 - Instream Flow Develop consensus regarding habitat 
suitability criteria, periodicity charts, and 
habitat modeling methods 

AQ7 - Entrainment Fully develop approach for fish 
entrainment threshold calculations 

AQ12 - Special-Status Amphibians Discuss need for implementation of 
and Aquatic Reptiles FYLF contingency studies 

2 

Meeting 
Date 

Feb 26 

Mar 10 

Mar 17 
Mar 19 

Mar 3 

Mar 6 

Mar 26 

Apr 7 
Apr 21 

AprS 

Apr 22 



Meeting Group 

May 2008 

Aquatic 1WG 

Recreation 1WG 

June 2008 

Aquatic 1WG 

Placer County Water Agency 
Middle Fork American River Project Relicensing 

Meetings 

Study Plan Agenda Topic' 

AQ2 - Fish Population Discuss if 2008 contingency studies are 
needed and where 

AQ3 - Macroinvertebrate Presentation of TSP report information 

Determine need for contingency studies 
(tied to WQ) 

AQ6 - Fish Passage Presentation of TSP report information 

Discuss fish passage barriers that may 
require hydrodynamics modeling 

AQ7 - Entrainment Presentation of TSP report information 

Discuss need for entrainment sampling 

AQ11 - Water Quality Discuss need for contingency studies 

AQ7 - Entrainment Discuss need for entrainment sampling 
",-",-_. __ ..... _,-_ .. ,- _ .. __ . __ .- .. _-- ._._ ...... " ... _ ----_._-_._--

.. 
DeCISions are balded. Anticipated deCISions are Italicized. 
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Meeting 
Date 

May 5 

May 13 

May 29 



Meeting Group 

October 2007 
Recreation TWG 

November 2007 
Aquatic TWG 

Terrestrial TWG 

Cultural TWG 
December 2007 
Recreation TWG 

January 2008 
Aquatic TWG 

Recreation TWG 

February 2008 
Aquatic TWG 

Recreation TWG 

Placer County Water Agency 
Middle Fork American River Project Relicensing 

Meetings 

Study Plan Agenda Topic' 

REC2 - Recreation Visitor Surveys Discuss general visitor survey instrument 
and iml'lemefltation ~c:~edul.!" ___ . ____ 

REC4 - Stream-Based Recreation Discuss focus group process and --
Opportunities schedule 

AQ1 - Instream Flow 2007 field season update 

Review instream calibration flows 

Resource ManaQement Obiectives 
TERR1 - Vegetation Communities Presentation of TSP report information 

and Wildlife Habitats ---- _. 
TERR 4 - Special-Status Wildlife Presentation of TSP report information 
CUL 1 - Cultural Resources Presentation of TSP report information 

REC2 - Recreation Visitor Surveys Discuss draft general visitor survey 
instrument 

REC4 - Stream-Based Recreation 
Opportunities Discuss process and schedule for 

finalizing survey forms 

AQ1 - Instream Flow Develop consensus regarding habitat 
suitability criteria, periodicity charts, and 
h?pitat modeling method~ _______ . 

AQ2 - Fish Population Discuss appropriate fish standing crop 
comparison datasets 

REC2 - Recreation Visitor Surveys Finalize general visitor survey 
instruments 

REC4 - Stream-Based Recreation 
Opportunities Discuss general visitor survey sampling 

strategy 

Finalize list of focus group participants 
and survey questions 

AQ1 - Instream Flow Develop consensus regarding habitat 
suitability criteria, periodicity charts, 
and habitat modeling methods (FYLF 
only) 

REC2 - Recreation Visitor Surveys Finalize visitor survey instrument 
(need Stafford's input) 

REC4 - Stream-Based Recreation 
Opportunities Discuss general visitor survey sampling 

protocols 

Discuss process for finalizing the 
sampling protocols 

Discuss process and schedule for pre-
testing visitor survey forms 

Meeting 
Date 

Oct 1 
Oct 2 

Nov 5 

Dec 10 

Jan 15 
Jan.16 

Jan 29 

Feb 4 

Feb 19 



Meeting Group 

Cultural TWG 

March 2008 
Aquatic TWG 

Aquatic TWG 

Terrestrial TWG 

Recreation TWG 

April 2008 

Aquatic TWG 

Recreation TWG 

Placer County Water Agency 
Middle Fork American River Project Relicensing 

Meetings 

Study Plan Agenda Topic' 

Discuss focus group and flow study 
implementation and timeline 

CUL 1 - Cultural Resources Status of CUL-1 Cultural Resources 
Technical Study Report - 2007 

Discuss Evaluation Study Process and 
Plan 

AQ1 - Instream Flow Develop consensus regarding habitat 
suitability criteria, periodicity charts, and 

-----"-.---.--".".----~ 

_ habitat modeling_ m"-l!!0ds ~ __ . ~ .~ ~.~. _ _ ~_~ 
AQ2 - Fish Population Presentation of TSP report information 

-_ .•.. _._ ... __ ._------ -_. __ ._-----_._- - _ .. --- "--._-------_._--_._ . __ ... _----
_AQ11 : Wa_ter.9uality ____ . __ ~.~.~. _______ ~ ~~~s"'IlJ§!l~_'"-"f_I.?£'~"'eort i!lformati2!1 __ 
AQ12 - Special-Status Amphibians Presentation of TSP report information 

and Aquatic Reptiles 
Discuss need for implementation of 
FYLF contingency studies 

Meetings cancelled 

TERR2 - Special-Status Plants Review and approve Table 1 in TERR 2~ 

TERR3 - Noxious Weeds J?~~~ievLand aEP!.C2v~ T~'?!~.~2.J."-TEJ3_~-1,-~ - ---- -_._-_._-------- ------------
TERR6 - Special-Status Bats Presentation of TSP report information 

REC2 - Recreation Visitor Surveys Finalize general visitor survey protocols 

REC4 - Stream-Based Recreation Discuss structured focus groups 
Opportunities 

Discuss whitewater boating flow studies 
in peaking reach 

REC2 - Recreation Visitor Surveys Finalize General Visitor Survey Forms 
and Protocols based on Pretest Findings 

REC4 - Stream-Based Recreation 
Opportunities Approve Focus Group Materials and 

Logistics 

Approve Whitewater Flow Study Survey 
Forms 

Discuss Angler and Trail UselStream 
Crossing Flow Study Survey Forms 

AQ1 - Instream Flow Develop consensus regarding habitat 
suitability criteria, periodicity charts, and 
habitat modeling methods 

AQ7 - Entrainment Fully develop approach for fish 
entrainment threshold calculations 

AQ12 - Special-Status Amphibians Discuss need for implementation of 
and Aquatic Reptiles FYLF contingency studies 
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Meeting 
Date 

Feb 26 

Mar 10 

Mar 17 
Mar 19 

Mar 3 

Mar 6 

Mar 26 

Apr 7 
Apr 21 

AprB 

Apr 22 



Meeting Group 

May 2008 

Aquatic TWG 

Recreation TWG 

June 2008 

Aquatic TWG 

Placer County Water Agency 
Middle Fork American River Project Relicensing 

Meetings 

Study Plan Agenda Topic 

AQ2 - Fish Population Discuss if 2008 contingency studies are 
needed and where 

A03 - Macroinvertebrate Presentation of TSP report information 

Determine need for contingency studies 
(tied to WO) 

A06 - Fish Passage Presentation of TSP report information 

Discuss fish passage barriers that may 
require hydrodynamics modeling 

A07 - Entrainment Presentation of TSP report information 

Discuss need for entrainment sampling 

A011 - Water Quality Discuss need for contingency studies 

A07 - Entrainment Discuss need for entrainment sampling 
----.- ----- .,-------------

DeCISions are balded. Anticipated decIsions are Italicized. 
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