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MEMORANDUM 

Date: June 13, 1990 

To: Participants at TFW Field Monitoring Training 
Pack Forest June 6-7· 8, 1990. 

From: Steve Ralph, Monitoring Project Coordinator 

Subject: Errata and comments to monitoring field methods and data sheets. 

This memo is being sent to all of those anending the recent field methods training session in the bopes of 
clarifying tbe instructions and correcting errors in the field forms and instruction manual. Also enclosed are 
tbe following items tbat should aid in understanding the methods more thoroughly: 

1. Figures from Dunne and Leopold (1978) to illustrate bankfull width and channel cross sections; 
2. Figure 1 and Figure 2 of simulated stream showing habitat units, unit categorization, and 

horizontal control survey showing distances and azimuth. 
3. Horizontal Control Survey data sheet (Form #2) filled out to match simulated stream in Fig. 1 & 

2; 
4. Synopsis and summary table for diagnostic features of valley segments and the detail of 

combinations of these features to distinguish among the 18 valley segment types; 
5. A sheet showing TFW Affiliation Codes for use with the data sheet Form 1; 
6. Revised pebble size categories with "mm" corrected to read ··cm". 
7. Revised code sheet for habitat unit codes. 

Specific comments and changes are referenced to the corresponding form and section in the manual, .s 
follows. 

FORM 1. VALLEY SEGMENT SUMMARY 

1. Write the specific details to locate the beginning and ending turning points in the block provided on 
Form 1. Give at least two (at best, three) references to these so that they can be relocated in the 
future. 

2. The "discharge" is entered here from that measurement done at the beginning of the habitat unit 
survey. You only need to do a new discharge measurcment everyday of the habitat unit survey when it 
has rained since you began the surveyor when the survey takes more than five days 10 complete. 

FORM 2. HORIZONTAL CONTROL SURVEY 

1. Percent Gradient· This is only measured at those locations where bankfull width/depth 
measurements are made, usually \\;thin a rime. In these cases. gradient is taken for only the unit 
occurring at the bankfull location, not the minimum 100 feet upstream and downstream as suggested 
in the manual. 

2. Bankfull Width/Depth Measurements - Take a minimum of three such measurements per segment, 
even if the segment is less than a mile in length. As" rule of thumb, we need at least three such 
measurements per mile of stream surveyed. More than three would be nice. The reason the data 
sheet contains a bankfull width/depth entry for every turning point is that we want to know the turning 



points encompassing the bankfull measurement, when it is made. So, in practice most of tbe spaces 
for bankfuU width/depth associated with turning points will be left blank, and will only be filled in 
wben • suitable site is located. 

3. Bankfull Channel Definitions 

The confusion regarding where to observe and take a bankfull measurement is largely a function of 
the variety of conditions seen in the field. The attached figures (Dunn and Leopold 1978) should belp 
to clarify the determination of bankfull width. Their deflOition for bankfull condition is when the 
water fills the channel completely Or is at bankfull stage, its surface is level with the noodplain. 

Richards.(1982) in Rivers: Form and Function - defines the bankfull condition ... which is normally 
defined up to the level at which overbank now occurs - the "bankfull" section. Keep in mind that you 
may bave to be selective where you choose to measure bankfull width/depth - so use your judgement. 

4. Turning Points - Please note a typographical errOr on Form 2 in regards to the numbering of turning 
points and again under the "distance" entry space provided. Ignore all n + i notation on the data forms. 
Start the horizontal control survey at the beginning of the segment With turning pint number "0" and 
measure distance and compass bearing to turning point numher .'1", In sequence the turning points 
should be entered on the same horizontal line on the data sheet as 0 to 1, then 1 to 2, 2 to 3, 3 to 4, 
.... till you reach the end of the segment. Since it is too late to change the field forms (they are being 
printed now), just make the mental correction so as not to be confused .boutthis error wben it shows 
up on tbe official forms. 

5. Turning Point Distances - This refers to the distance between one point and the next point established 
upstream. Again the designation of TP n to TP n + I, etc. just attempts to refer to the distance 
between the turning points noted above, and as such should be treated the same i.e. ilZIlore all n + i 
botation). It was pointed out during the training, that the spaces provided for entermg ,stance 

etween turning points can be filled out one of two ways: either the distances can be cumulative (that 
is the distance between two points is added to that between successive pairs of points), or the distance 
from one point to the next is recorded, with the first box on the data sheet always reading "0". See 
Figure 2 and examples from attached data sheet. As somc of you pointed out, it doesn't really matter 
which way you do this, all we're interested in is the distances between two points. We will calculate 
the approximate length of all turning points during 'he data analysis. But if you flOd it easier to use 
the hip chain and keep a cumulative running length between points, that is fine. If the string breaks 
berween points, simply zero it out at the downstream turning point and continue upstream to the next 
turning point. 

6. Azimuth Bearings· These should be made with the composs set at the proper declination (degrees 
east to compensate for innuence of magnetic anomalies) and thus entered as true or adjusted 
bearings. Refer to corresponding USGS topographic map for correct declination for [he area within 
which you are working. 

7. Discharge is entered from Form 4 after it is taken for purposes of the habitat unit survey. 

Form 3. Mass Wasting and Substrate 

1. Discharge - Again is entered from Form 4. 

2. Mass Wasting "length" means height of slope failure. 

3. Pebble counts are done at locations where bankfull measurements are taken (usually rimes), and to 
ensure that we have an adequate number of pebble counts in each segment, are taken again at the first 
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riffle location upstream of that unit where bankfull measurements were made. If you want to do the 
second or !hird riffle (or whatever interval), that is fine as long as the number of different sites where 
substrate pebble counts are made is at least twice the number of bankfull measurements completed by 
the end of the segment survey. !fyou note dramatic changes in substrate sizes within a reach (e.g. 
from gravel to CObble/boulder), get at least three pebble counts in each part of the segment. 

4. Substrate particle sile categories listed on page 23 of the manual and in Appendix B are given in both 
English and metric equivalents. All of the metric equivalents are mislabeled as "mm" (millimeters). 
They should read "cm" (centimeters), e.g. large cobble at 25 to 50 inches = 64 to 128 cm. 

5. Embeddedness .. Only give one embeddedness rating per entire riffle site at which pebble counts are 
made. Do this after the pebble count is completed because by then you should have a pretl)' good idea 
of the % embeddedness that appears for the whole unit, on the average. 

Forms 4A and 4B .. Habitat Unit Survey 

1. Unit Number .. Enter a sequential number for every habitat unit encountered. This is simply a way of 
numbering the units found within a segment as you progress upstream during your survey. If, for 
example the first unit you encounter is a low gradient rime. This is unit number 1 (one). Simply enter 
one in the space provided under unit number and darken in the circle below that corresponding to that 
number. Four spaces are provided in case you exceed 1000 units during your segment survey. The 
second unit may be a slip face cascade. This is entered at unit number 2 (two). See the accompanying 
data sheet sample filled out. 

2. Habitat Unit Dimensions 

a. Habitat Width .. Estimate (or measure) average width of a unit by dividing the unit along its long 
axis into three imaginary sections, and approximate (or measure) the unit ",idth at these locations. 
Determine the average of these three ,vidths and record on the data sheet. 

b. Habitat Depth .. Determine average depth for all units except cascades and rapids. This is done 
similarly to width above, but more measurements may be needed at larger units. Enter average depth 
in category marked "Depth (1)" on Forms 4A and 4B. For pools, the crest or outlet depth of pools is 
entered under "Depth (Jr, and the maximum depth of the pool is entered under "Depth (2r. 

3. Obstructions· Note that a change should be made under the choices for obstructions to allow for 
"root wads" acting as obstructions within the channel that act to form pools. On the Habitat Unit 
Code sheet (attached revised version) note the change in code #8 from "other" to "root wad", .... ith #9 
added to account for "other". 

4. Unit Category .. There was some confusion about when 10 use the "side channel" category. This is 
when a branching occurs off of the main channel, which carries less than half of the entire flow. Note 
all units that occur within this side channel, but don't bother to distinguish between those units 
occupying either> 50% or < 50% of the wClted width of the channel (i.e. ignore the fact that they 
may be linked or nested; see Figure 1). For our purposes, islands only occur in 7th order and larger 
(i.e. really big) rivers. Therefore, don't worry ahol][ whether you have islands or side channels; they 
.... ill all be coded as side channels in these surveys. 

5. Habitat Unit Tvpe 

a. Eliminate SDC or Secondary Channel as a habitat type because it is redundant to the unit 
category discussed above. 

b. Add SSF to refer to subsurface flow or dry channels 



6. Substrate Particle Size Codes have been changed to correct the earlier errOr regarding the metric 
equivalents. 

7. L.rge Woody Debris 

a. Size classes· two size classes will be used again this year in distinguishing among woody debris. 
"Small" woody debris ranges in size from a minimum of 8 to 20 inches diameter, while "large" woody 
debris is greater than 20 inches in diameter. A minimum length of 10 feet must be met before a piece 
can be counted. 

b. Log jams" Since a separate category is not provided for log jams, we ask that you estimate the 
number and size of pieces of woody debris within a jam. 

8. Seral Stage" Note that a "young" seral stage has been added (coded as #5) to account for stands 
intermediate to "pole" and "mature timber" stages. The code number for these stages changes to 6 and 
7, respectively. 
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APPENDIX B. Version 2.0, May 1990 

UNIT CATEGORY 
1) > OR = SOX ~ETTED ~IDTH 
,) UNIT « SOX ~ETTED ~IDTH 
3) OCCURS IN ~IDE CHANNEL 

UNIT TYPE 
1) CASCADE 

RPD = RAPID 
SPC • STEP'POOL CASCADE 
SFC • SLIP· FACE CASCADE 

2) RIFFLES 

3) POOLS 

P(W = PDCKET~ATER 
GLD • GLIDE 
RUN' OBVIOOSI 
LGR • L~ GRADIENT RIFFLE 

DMP • DAMMED POOLS 
EDP • EDDY POOL 
PLP • PLUNGE POOL 
SCP = SCOOR POOL 
SCH • SCOOR HOLE 

4) BEAVER PONDS 
BVP • BEAVER PONDS 

5) DRY CHANNEL :; SSF 
SUBSURFACE FL~ 

OBSTRUCTIONS (FOR POOLS): 

, LOC(S) 
2 ~y DEBRIS JAM 
3 STANDING TREE 
4 BOULDER (S) 
5 BEDROCK 
6 ROO1 PROTECTED BANKS 
7 BEDFORM 
8 ROOT ~AO 
9 OTHER* 
(* EXPLAIN IN COMMENTS SECTION) 

SUBSTRATE PARTICLE SIZE COOE: 
COOE SEDIMENT SIZE 
10 BOULDER >50" 
9 LG. COBBLE 25-50" 
8 MED. COBBLE 12-25" 
7 SM. COBBLE 6.12 11 

6 COARSE GRAVEL 3·6" 
5 MED. GRAVEL 1.6,311 

4 SM. GRAVEL 0.8'1.6'1 
3 PEA GRAVel , ·2CM 
2 COARSE SAND 0.5" .OCM , MED. SANO 0.2S·0.50CM 
a FI NE SAND 0.125·0.250CM 

HABITAT UNIT CODES 

~y OEBRIS LOCATION: 
A • ~ ~ITHIH ~TTED AREA 
B • PARITALLY ~ITHIN UNIT 
C • COMPLETELY ~ITHIN UNIT 
o • BR IDGED 

SERAL STAGE: 
, • CLEAR CUT 
2 • GRASS!FORB 
3 • SHRUB 
4 • POLE 
5 • YOUNG 
6 • MATURE 
7 • OLO GR~TH 

VEGETATIVE TYPE: (~DDDy) 
, • DECIDUOUS 
2 • CONFEROOS 
3 • MIXED 

LAND USE: 
, • AGRICULTURE 
2 • LiVESTOCK GRAZING 
3 • TIMBER 
4 • RESIDENTIAL 
5 • RIGHT OF ~AY 
6 :; MINING 
7 = RHZ 
e :; IJETLAJID 
9 = OTHER (EXPLAIN) 

EMBEDDEDNESS: 
, :; ,. 7S% 
2 = 50 . 7SX 
3 = 25 • ,5X 
4 :; 5 . 25% 
5 = < 5X 
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TABLE 2. CLASSIFICATION OF STREAM BEDLOAD (SUBSTRATE) BY PARTICLE SIZE. 

PARTICLE DIAMETER SIZE SEDIMENT CODE 

> 50 inches (12Scm) boulder 10 

25 to 50 in. (64-12Scm) large cobble 9 

12 to ?5 in. (32-64cm) medium cobble S 

6 to 12 in. (16-32cm) small cobble 7 

3 to 6 in. (S-16cm) coarse gravel 6 

1.6 to 3 in. (4-Scm) medium gravel 5 

O.S to 1.6 in. (2-4cm) small gravel 4 

0.4 to O.S in. (l-2cm) pea gravel 3 

0.2 to 0.4 in. (0.5-1 cm) coarse sand 2 

0.1 to 0.2 in. (O.25-O.5cm) medium sand 

0.05 to 0.1 in. (0.125 to 0.25 cm) fine sand a 

B. Gravel Embeddedness 

Embeddedness rates the degree that the larger particles (boulder. rubble, or gravel) are 

surrounded or covered by fine sediment. The rating is a measurement of how much of the surface 

area of the larger size particles is covered by fine sediment (silt or sand). We have not included an 

additional rating that would describe the nature of the embedding material (sand or silt) at this time, but 

may include this in subsequent years. An embedded ness rating should allow for some qualitative 

evaluation of the channel substrate suitability for spawning, egg incubation, and habitats for aquatic 

invertebrates, and young overwintering fish. The rearing quality of the instream cover provided by the 

substrate can be evaluated also. As the percent of embeddedness increases, the biotic productivity is 

also thought to decrease. 

This estimate of embedded ness will be done at the riffle locations selected for the 

characterization of the bed material, as described above. To enhance one's judgement in making this 

rating, remove a particle of bed material and try to estimate as a % how much of the vertical dimension 

of the particle was embedded by sand or silt. Usually, a distinct line can be seen on the surface where 

the portion not embedded was exposed to flowing water. Classify the percent embedded ness 

according to the following rating, and mark the data sheet accordingly: 
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· 'FIGURE1. HYPOTHETICAL STREAM: HABITAT UHITS AHD CATEGORIES 
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FIGURE 2. HORIZONTAL CONTROL SURUEY SIMULATION 
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VALLEY-SEGMENT DIAGNOSTIC 
FEATURES KEY 

Mapping symbol: 

Alphanumeric code used to delineate valley segment on maps 

V ALLEY BOTTOM SLOPE: roughly corresponds to valley bottom longitudinal 
gradient measured in lengths of at least 40 times 
the active channel, or bankfull width; initially 
measured from topographic maps and then field 
verified 

SIDESLOPE GRADIENT: describes the cross sectional profile of stream and 
valley corridor; gradients arc measured for the 
initial 100 vertical meters and/or the initial 300 
meters slope distance; distinct breaks in gradient 
are not averaged, but instead are qualitatively 
addressed in descriptions 

V ALLEY BOTTOM WIDTH: ratio of valley bottom width to active channel 
width (bankfull width); valley bottom is defined as 
the essentially flat area adjacent to the stream 
channel 

CHANNEL PATTERN: describes overall amount of channel constraint, 
degree of sinuosity, and braiding characteristic of 
channel 

CHANNEL ADJACENT brief listing of commonly associated geomorphic 
GEOMORPHIC SURFACES: surfaces; these arc not considered definitive 

criteria to identify valley segments, but arc 
provided for stream managers with this type of 
information available 

GENERAL DESCRIPTIONS: a brief narrative on landform, general position in 
the watershed, keys to easy identification, and 
keys to separate from similar segment types 



Table 1. Valley bottom and sideslope geomorphic characteristics used to identify 18 valley segment types in forested lands of 
Washington. Valley botlom gradient is measured in lengths of 1000 ft. or more. Sideslope gradient characterizes the hillslopes 
within 1000 horizontal and 300 vertical ft. distance from the active channel. Valley bottom width is a ratio of the valley bonom 
width to active channel width. Stream order as defined by Strahler (1957). Valley segment type name include alphanumeric 
mapping codes in boldface. 

Valley 
Segment 
Type 

Fl­
Esl1larine 
Della 

Valley 
Holtom 

Gradient 

Side­
Slope 

Gradient 

<5% 

Valley 
Hollom 
WkUb 

>5X 

Channel Stream 
"altern Order 

unconstrained; highly 8IIy 
sinuous; often braided 

Landform and Geomorphic Futures 

OCCur at moullt of srreams on estuarine flw in and just 
above zone of tidal influence 

" 

F2 - A1luviatro 
Lowlands 

>5% > 5X unconstrained; highly 8IIy 
sinous 

wide floodplains rypicaJly formed by present or historic 
large rivers willtin RatIO gently rolling lowland 
landforms; sloughs. o.bows, and abandoned channels 
commonly associak:<! willt mainsIem rivas 

FJ - Wide ~2% <5% >SX 
Mainstem Valley 

F4 - AlluviaV 1%-3% ~ 10% >3X 
Colluvial F811 

unconstrained moderatt: 
10 high sinuosity; braids 
common 

variable; generally 
unconstrained 

8IIy 

1-4 

wide valley floors bounded by mounlain slopes; 
generally associated willt mainsten1 rivers 8111: !he 
tJibulary srreams flowing Ihrough !he valley flocc, 
sloughs and abandoned channels common 

generally occur where rribulafy Slreams coler low 
gradient valley floors; ancient IX" active alluvial I 
colluvial fan deposition overlying floodplains of larger. 
low gradient stream segments; srream may actively 
downcut t1uuugh deep alluvial fan d<:posilion 

.' 
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Table I continued. Valley bottom and sideslope geomorphic characteristics of 18 valley segmeru types. 

Valley Valley Side- V.Dey 
Segment Dollom Slope Dollom Cbannel Stream 
Type Gradient Gradient Widtb Pallem Order Landform and Gtomorpbic Features 

FS - Gently ~2% < 10% 1-2X moderately ronsuained; 1-3 drainage ways shallowly incised into "alto gently 
Sloping Plateaus low to modaate sloping landscape; narrow active floodplains; typically 
and Terraces sinuosity associated ",ilh small streams in lowlands, ayic uplands 

or volcanic flanks 

M I - Moderate 2%-5% 10%-30% <2X constrained; infrequent 1-4 constrained. narrow floodplains bounded by moderate 
Slope Bound meanders gradient sideslopes; typically fOlUld in lowlands and 

- (oolhills, but may occur on broken mountain slopes and 
volcano flanks 

M2 - A1luviated, ~2 < 5'1, 2-4X unconstrained; moderate 1-4 active floodplains and aDuviallerraces bounded by 
Moderale Slope gradually to high sinuosity moderate gradient hillslopes; typically found in 
Bound increase to 30% lowlands and foothills, but may OCCur on broken 

mountain slopes and volcano flanks 

VI - V-Shaped, 2%-6% 30%-70% <2X consuained ~2 deeply incised drainage ways wilh sleq> competent 
Moderale sideslopes; very common in uplifted mOtmtainous 
Gradient Bottom topography; less commonly associated wilh marine or 

glacial outwash terraces in lowlands and foothills 

V2 - V -Shaped, 6%-11% 30%-70% <2X constrained ~2 same as above, but valley boItom longirudinal profile 
Jligh Gradient su:cp wilh pronounced Slairslep characleristics 
Bottom 



· . 

Table I continued. Valley bottom and sideslopc geomorphic characteristics of 18 valley scgmenllypcs. 

Valle, Valle, Side· Valley 
Stgmeot Bollom Slope Bollom Chanoel Stream 
Type Gradient Gradient Width Pallern Order Landform and Geomorpbic Features 

U3 - Incised U· 6%-11% steep channel <2X modemtely constrained 2·5 channel downcuts through deep valley bottom glacial tiH, 
Shaped Valley, adjacent slopes, by unconsolidated. colluvium or coarse glacio "uvial deposits; cross 
High Gradient decreases to IIlJIterial; infrequent sectional JrOfile variable, but genaally weakly U-sh3pcd .;~-

Bouom < 30%, then shan Dats with brnids with active channel vemeally incised into valley fill 
increases to and meanders deposits; immediate sideslopes COO1posod of 
>30% unconsolidated and often unSOIled C03r.lC! grniiJt.d -

deposits 

U4 - Active 1%·7% initially < 5%, <4X unconslrnined; highly 1·3 stream corridors dirocll y below active alpine glaciers; 
Glacial Outwash increasing to sinuous and braided channel braiding and shifting common; active cha,!nel 
VaHey >60% nearly as wide as valley bottom - .. 

-
r::2-

III - Moderate 3%-6% >30% <2X constrained 1·2 small drninage ways with channels slightly 10 moderately 
Gradient Valley entrenched into mountain toeslopes or beadwaao- basins. 
Wall/Headwater 

Ill-High 6%-11% >30% <2X constrained; stairsteppod 1-2 small drninageways with channels moderately 
Gradient Valley entrenched into high gradient mountainslopes or 

Wall/ Headwater headwater basins; bedrock exposmes and outcrops 
com mon; localized alluvial/colluVial tenace deposition 

113 - Very High II%+- >60% <2X COflstrained; stairstepped 1·2 small drninage ways with channels moderately 

Gradient. Valley entrenched into very steep mountainsJopes or beadwaao-
WaH / Headwater basins; bedrock exposures and outcrops frequent 

... 
--J 



TFW Ambient Monitoring 

AFFILIATION CODES 

/ 
/))), \' 

28 ~qUamiSh 13 Nisqually 
26 quaxin Island 

78 UNDEFINED 
51 Nisqually AMP 

27 Steilacoom 14 Nooksack 
36 Stillaguamish 

54 AMSC 
01 NWIFC 

29 Swinomish 
59 AMSC-UW/CSS 

41 Point Elliot 
30 Swinomish - Ab. 

02 Chehalis 
40 Point No Point 

62 TFW Cooperator 
03 Chinook 

15 Port Gamble 
31 Tulalip 

58 CMEA S.C" ather 
63 Public Coop, 

47 UCUT 
04 Colville 

16 Puyalliup 
32 Umatilla 

05 Cowlitz 
17 Ouileute 

33 Upper Skagit 
69 DNA 

18 , Ouinalt 
64 USFS 

70 DOE 
44 Ouinalt T,C 

67 USFWS 
06 Duwamish 

53 AMP, other 
6S USGS 

66 EPA 
19 Samish 

68 U,S, Gov!, Other 
55 Fish SI. Comm, 

20 Sauk-Suianle 
60 U.w,/CSS 

07 Hoh 
56 SHAM 

34 Warm Springs 
52 Hoh-Clw. Exp For 

21 Shoalwater 
71 WDF 

08 Lower Elwha 
45 Skagit Sy, Coop, 

61 Weyerhaeuser 
09 Lummi 

22 Skokomish 
57 WOSC 

10 Makah 
-23· iii II I 

35 Yakima 
QII III I i'iiOl 

24 Snohomish 
50 Yakima AMP 

43 Medicine Cr T,C, 
25 Snoqualmie 11 Muckleshoot 

12 Nez Perce 46 Spokane 

ell.4/90 c NW Indian Fishe," 
--~~-
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VALLEY SEGMENT SUMMARY 

L lise this form Q!lce for each villiny seWncnt. 

2. Note I\c;(';css points in block provided. 
3. Daln indicales initial survey sl.1rt dale. 

FORM 1 

4 Refw 10 codn reference sheet and field mnnllal for cortes and procedures. 

Use a No.2 pencil. Fill bubbles darkly and completely. Do not make stray marks. Page _ of _ . 
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_____ .... 0 !J:,._._. 

VALLEY 
SEGMENT W.R.I.A NUMBER 
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DESCRIPTION OF ACCESS AND REFERENCE TO TURNING POINTS: 

Please complete bncl< of form. 
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Use a No.2 pencil. Fill bubbles darkly and completely. Do not mal<e stray marks. 
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Use a No.2 pencil. Fill bubbles darldy and completely. Do not mal<e stray marks. 
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FORWARD 

This Is version 2.0 of the Ambient Monitoring Field Techniques Manual, prepared for the 1990 
field season. It contains important changes in the standardized field procedures to be used in the 
Timber, Fish and Wildl~e statewide monitoring project, now in ks second year of field testing. These 
changes are intended to enhance the reliability in the field procedures and their resultant data. The 
most slgn~icant changes have been made In the treatment of Inchannel bottom sediment, and in the 
sequence in which certain data is collected. Information on sediment, channel geometric dimensions, 
and bank and slope stability are collected during the horizontal control survey. Habkat spec~ic data 
are collected in a subsequent pass through the segment to be surveyed. An addkional change has to 
do wkh the field forms used to record data. These have been completely redesigned to allow for the 
data to be optically scanned rather than manual transcribed. . 

The project objectives and rationale are detailed In a document entitled Ambient Monkoring 
Steering Committee Extensive Stream Survey Project Study Plan, which is available upon request. The 
valley segment classification system alluded to in the document is more thoroughly described In a 
separate manual, also available upon request. The valley segment serves as the basis for selection of 
distinct reaches of streams within which the field methods described herein are pertormed. 
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Nana Lowell (Office of Educational Assessment, U.w.) provided great insight Into the design of the 
optically scannable field forms used in recording the field data. 
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University of Washington 
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I. INTRODUCTION 

This manual describes the spec~lc field methods to be used In this the second year pilot project 

for the Implementation of a Timber, Fish & Wildlife (TFW) statewide stream monitoring program. The 

Ambient Mon~orlng Field Project Is essential for successfully meeting many of the goals of the TFW . 

agreement, primarily by providing reliable, consistent Information on the status and trends for aquatic 

fisheries hab~t associated wtth forested streams wtthin Washington State. The ambient monttoring 

field project has been designed wtth the intention that It will ultimately provide this essential information 

to the process of adaptive management. Reliable, up to date data on resource condttion across the 

state will be interpreted and the results applied to the management situation. This information will 

provide a direct link to evaluating the overall effect of the new forest practice regulations - a perspective 

needed for the judicious application of "adaptive management". Adaptive management is the process 

that allows us to make changes in land management actions based upon an growing understanding of 

the relationship between land-use activities and renewable public resources supported wtthin streams 

and forests. 

A. Content of this Manual 

This field manual is written for use by field personnel, affiliated staff and interested cooperators 

that will be applying these methods In the field. We have included background information on key 

variables to be measured as well as their methods. Many of these methods have been adapted from 

existing literature in the hopes of providing reliable ways In which comparable data on key riparian 

parameters can be collected in a consistent fashion. Some methods have been modified from those 

presented in the first year, as these changes were felt necessary to further the reliability of the resulting 

data. 

B. General Strategy 

The Ambient Monitoring Steering Committee (AMSC) Extensive Field Monitoring Workplan 

. (March 1990), provides the rationale and general approach to our statewide stream monttoring field 

efforts and stream segment classification scheme. Two important objectives have been identified: 

> to implement a broad-brush extensive survey of key physical habitat features within streams 

and rivers. These variables are of particular concern because they manifest the in-channel 

response to natural or man-induced disturbances occurring within the watershed; and 

> to test the usefulness of delineating streams into their component valley segments based on 

recognizable combinations of key attributes. Stream segments delineated by virtue of their 
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five diagnostic attributes allows for an understanding of the processes that shape the 

character of the stream, and thus tts In-channel habitat. These segments are the most easily 

identified large scale features of streams (Frissell and Uss 1986). 

The field sampling design includes selecting streams from within the state's component 

ecoregions (Omernik and Gallant 1986) and delineating them by virtue of their component valley 

segments. The working hypothesis is that through classification, an understanding of the character of 

instream fisheries habitat and how it responds to land use activities and impacts (from our field 

surveys) can be extrapolated from one stream segment to a similar stream segment. Key to meeting 

this objective Is a sampling effort to Inventory the status of Important physical features of streams on a 

statewide basis. 

Instruction in the methods and criteria for site selection, i.e., determining "valley segment types", 

was the subject of a separate training exercise. A guide to identifying valley segment types by C. E. 

Cupp, is available from the Ambient Monitoring Program Coordinator at (206) 543-3507. A listing of the 

description and alphanumeric codes (revised from 1989) Is Included in Appendix A. 

C. Background Information on Watershed Condition 

By design, our level of focus in this initial sampling effort Is at the stream "segment" level. Our 

understanding and future interpretation of the relationship between what we measure within the stream 

segment, the natural landscape processes at work, and ongoing land use practices, is largely 

dependent upon our knowledge of the unique combination of attributes and history of disturbance 

within a particular watershed. A separate but related project will characterize key attributes of major 

basins within which our sampling is occurring. These Include Important resources and activities 

conducted on the scale of watersheds, such as the following: 

> basin hydrology and annual flow hydrograph, 

> distribution and character of soils within the watershed, 

> geologic history and geomorphic features, 

> vegetation, 

> the disturbance history of the basin including the pattern of forest fires, road construction 

and timber harvesting, evidence of mass soil failures, debris slides or other such events, and 

> basin area. 

Rivers and their component segment types within a watershed drainage system will be shaped 

to varying degrees by these features and the complex processes that account for them. Knowledge of 
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the context within which a system resides will undoubtedly aid In our ability to interpret linkages 

between basin processes and changes manifested wtthln the stream channel. 

D. Field Data Collection Forms 

The field data collection forms designed for the first year of this study have been modified 

substantially. This year, field forms have been designed that will be optically scanned to automatically 

transcribe the data into a computer format. By doing so, we hope to significantly reduce the need to'­

edit the data entered on the forms, allow for more consistency in data entry, and for summary reports 

of collected data to be produced during the current field season. Specific instructions on filling out the 

corresponding field forms is Included at the end of the discussion on each of the methods that follow. 

The field forms are not included in this section because they are still being printed at time of 

publication. Copies will be available by June 1990. 

1 . 

2. 

Form 1 - Valley Segment Summary Form - The front side contains entries for name and 

location of stream valley segment, date of survey, WRIA number, stream order, surveyors 

identity and affiliation. The back side contains entries for beginning and end points that 

define distinct valley segments, Township and Range information, elevation, photographs, 

and turning points. 

Form 2 - Horizontal Control Survey Form - The front side contains entries for the segment '­

location header information, distances between turning points and corresponding compass 

bearings, gradient, and bankfull width and depth information. The back side has addkional 

space for recording turning point information. 

3. . Form 3 - Mass Wasting/Bank Cutting and Substrate Form - The front side contains entries 

for recording occurrences of mass wasting or slope failures and below that are spaces for 

recording lengths of bank cutting. The corresponding turning points are also recorded to 

bracket the pOSition associated with the entry. The back side contains entries for recording 

the pebble counts at selected riffles and percent embeddedness. This will be done every 300 

meters at rifles such as at the nearest riffle to the points where bankfull width and depth 

measurements are made. 

4. Form 4A - Habitat Unk Data Form - This form is to be used at the onset of the actual habitat 

unit survey. If a valley segment survey takes more than one day to complete, each 

successive day of the survey will start with a Form 4A. Data for a particular day's survey is 

continued on Form 4B (see below). Stream location information is repeated in the heading 

of each form; discharge or flow measurement are to be made and entered at the start of the 

habitat unit survey. In addttion to length, width and depth (both estimated and measured) of 

individual units, other parameters are recorded that include obstructions, large woody debris 

, 
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(LWD), seral stage of riparian vegetation, land use by bank, and percent canopy closure 

(measured). The back side Is a continuation. 

5. Form 4B - Habitat Unit Data Form (Continued) - This form Is a continuation of Form 4A, with 

locational Information recorded at top of each Individual sheet. The back side continues the 

field entries for habitat unit data. 
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II. SUMMARY DESCRIPTION OF FIELD PROCEDURES FOR EXTENSIVE SURVEYS 

This field season, several important changes have been made In the way and In the sequence In 

which certain methods are completed In the field. The stream course will be walked by the crew two 

separate times: the first pass through involves the horizontal control survey and associated 

measurements of substrate and channel geometry, while the second pass through Involves an 

Inventory of the individual habitat unns found within the wetted area of the channel (these sampling 

methods involve the visual estimation techniques refined by Hankin and Reeves (1988), described 

later). For the field data collection effort, we will be conducting an extensive level that has two key 

components. 

A. Horizontal Control Survey 

Fields approximate stream course length by establishing 'turning points' and corresponding 

bearings throughout the length of the valley segment; characterize substrate; channel width and depth 

measurements; and occurrences of bank cutting and hillslope failures (referred to here as mass 

wasting). 

After consulting the appropriate maps, locate access to the segment and note this on Form 1. 

Reference the beginning and end points of the segment to some permanent feature so that they may 

be relocated In the future. 

1. Reference Points - The beginning and end reference points of each surveyed segment will 

be marked with a rebar stake and compass bearings and distances to two fixed points will be 

made. This is important for baseline horizontal distance coordinates that will help locate key 

\ features of the aquatic habitat. 

2. Channel gradient - Gradient will be verified during the horizontal control survey by shooting 

a gradient upstream and downstream of the locations chosen for bankfull width and depth 

measurements. 

3. Substrate - Substrate will be characterized at select transects using the pebble count 

method (Wentworth Substrate Particle Size Classification) at uniform riffles selected every 

300 meters and associated with channel width and depth measurements (see channel 

geometry section). 

4. Bankfull Width and Depth - Width and depth (averaged across the channel) will be 

measured at a minimum of three snes per mile of stream within a segment. 

5. Channel Condition/Slope Stability - The area (length and width) of mass failures and 

length of bank cutting between turning points will be noted on the data sheet provided. 



Page 9 T IF;W Stream Ambient Monitoring Field Manual 

6. Photos Points - Established during the horizontal control survey along the stream course, 

photos will be taken at each turning pOint that crosses the stream, facing upstream, 

whenever possible. 

B. Habitat Unit Survey 

This survey keys in on the occurrence and dimensions of instream habitat units; in-channel 

obstructions, woody debris and riparian vegetation. 

1. Discharge - The instantaneous rate of flow past a given cross section of the channel will be 

measured at the beginning of a segment survey. This measurement will be taken at cross­

channel transects located In uniform glides or riffles to give flow as a function of depth, 

velocity and wetted perimeter. 

2. Habitat Unit Identification - Each habitat untt within a segment will be classified according 

to those found in the modified Bisson channel habitat units (see key to Habitat Unit Types 

found in Appendix E). 

3. Obstructions - When the habitat unit encountered Is a pool, choose one of eight coded 

categories (see code reference sheet In Appendix B) to indicate the feature that is forming 

that pool. 

4. Habitat Unit Dimensions - The length and width of all untts will be visually estimated. The 

mean depth of riffle units and the crest depth and maximum depth of pool units will be . 

measured. In addition, a fraction of the habitat unit dimensions will be both estimated and 

measured to generate a correction factor for this sampling scheme that calibrates the 

estimated with the measured dimensions. 

5. Woody Debris - At every habitat untt woody debris (LWD) will be counted, categorized as 

logs, root wads, or debris jams, and tallied in the appropriate size and location categories. 

Pieces of LWD that span more than one unit will only be counted once, even though they 

occur within subsequent units. 

6. Riparian Condition - For every measured unit of a particular habitat type, a canopy closure 

measurement will be made; at every habitat unit, a gross characterization of the adjacent 

riparian plant community serai stage will be recorded and the apparent land use by bank will 

be noted. 
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III. VALLEY SEGMENT SUMMARY - FORM 1 

This form Is completed only once per valley segment to compile the Important information 

regarding stream name, location, segment type, order, unique ident~ier, and upper/lower boundaries 

as delineated by corresponding turning points. Some of the entries cannot reasonably be filled in until 

the segment survey itself has been completed (for example the turning point and photo log). Most field 

entries are self explanatory, and the discussion below focuses only on those that need some 

explanation. 

A. Stream Name 

Write In the name and fill in bubbles corresponding to the letters of the name for the stream or 

river as it appears on the USGS Quad Map. 

B. Valley Segment Type 

The segment type should have been determined prior to Initiating the survey. Initial designations 

may be in error and should be brought to the attention of the local tribal contact, or project 

coordinator. 

C. WRIANumber 

This number must be filled out for each stream. Contact tribal coordinator for help ~ needed. 

D. Stream Order 

Record stream order from the Quad map when determining segment type. The stream order 

numbering system is a means of numbering streams as part of a drainage basin (Figure 1), where 

tributaries that have no branches are designated first-order streams, second-order streams are formed 

when two first-order streams join, third-order streams are formed by the joining of two second-order 

streams .. and so on. Some valley segment types may be found in streams of a variety of different 

orders. 

E. Surveyors/Affiliations 

Both surveyors initials and affiliation are entered. The team member doing the estimating for a 

particular segment is entered as Surveyor # 1. 

.. 
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Figure 1. Hierarchy of stream ordering. Numbers Indicate ordering of respective segments. 
The watershed Is fourth-order. 
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F. Reference Points 

Relocation of the surveyed segments in future years is cr~icalto meeting the objectives of this 

mon~oring program. The term 'referencing' means to measure the distance and compass bearing to 

at least two fIXed objects. The beginning and end points of a segment are permanently marked with 

rebar, and triangulated to fixed features such as a boulder or large tree above the high water mark. 

Wr~e the description of the reference points, distances and compass bearings in the space provided 

for 'access points'. 

G. Township, Range and Section 

Refer to your USGS topographic maps to get the delineation. 

H. WRIA Number 

The Water Resource Inventory Area numbering system Is to be used as the unique Identifier for 

the stream w~hin which the segment survey is completed. The State of Washington WRIA map 

provides the 2-dlgit watershed code while the stream catalogue provides a more precise 4-dlgit 

location code (note that in some areas a letter designation appears at the end of the four dign numeric 

code). Once the valley segment code has been determined for the segment to be surveyed, n will be 

paired with the WRIA number to give a unique Identifying code to the stream segment. 

I. Channel Elevation 

Although channel elevation can be useful In fixing our point on the stream, we are only using it 

for relative location. Channel elevations can be determined within + /- 40 II (12.0 m) from U.S. 

Geological Survey topographic quadrangle maps with 40-11 (12.0 m) contours. Be sure to note e~her 

feet or meters as the unit of measurement from the map. 

J. Adjacent Valley Segment Types 

Note the valley segment type both below and above the segment under survey, IT known. 
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IV. HORIZONTAL CONTROL SURVEY - FORM2 

A. Horizontal Control Survey 

Essential to the success of the monttorlng project Is a way of relocating sampled segments 

within the stream. so that they may be resampled in subsequent years. This is done by establishing 

control points along our survey path. The following discusses a method for measuring horizontal 

distance between upstream and downstream points along the bank following the general course of the 

stream channel. In this way a longttudinal profile of the stream can be developed and key features 

noted in the survey can be relocated In future years. 

As the crew progresses upstream. pick a line of sight along the stream course. One team 

member walks as far as possible upstream but staying within sight of his/her partner at the beginning 

point. The distance between these two points is measured. and a compass bearing is taken to the 

turning point established by the team member farthest upstream. Record the turning point station at 

the edge of the stream or bank to mark this transition. Turning points are numbered sequentially as 

one progresses upstream. Distances and bearings between the points are recorded on the Horizontal 

Control Survey Form. Photos of the stream channel are shot facing upstream from each turning point. 

In some situations a downstream photo may also be necessary to portray the channel. Photo roll and 

frame numbers are also recorded on the Horizontal Control Survey Form. (See Fig. 2.) 

Figure 2. Diagram of stream from horizontal control survey. 
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B. Channel Morphology 

1. Channel Gradient - Channel gradient Is viewed by many to be the most Important variable 

regulating stream velocity and therefore Is a concern for aquatic environment studies. 

Channel gradient is defined as the change in static water surface elevation per unU length of 

channel. The channel and valley sideslope gradient are Important attributes In our valley 

segment classification scheme. During the horizontal control survey of a segment, gradient 

will be measured with a clinometer at those same locations chosen for bankfull width and 

depth measurements. At those locations, we measure the difference In water surface 

elevation between points located equal distances (no less'than 100 feet) both upstream and 

downstream from each channel cross section. The intent is to measure the average channel 

gradient at the same locations chosen for bankfull width and depth measurements, not the 

gradient at an individual unit. 

The clinometer recommended as part of the survey equipment allows slope angles 

expressed as % slope, to be read directly from the scale viewed through the sighting hole. 

Field personnel should practice taking gradient measurements wUh a clinometer, and then 

repeat using an engineering transit, if possible, to help calibrate their eye. Hand level or 

clinometer readings may provide a gross but acceptable gradient measurement for the 

extensive level survey we are attempting here, within 1/2 % of accuracy. Clinometer 

readings of gradient generally work better for gradients in excess of 3 %, while their accuracy 

decreases when the gradient is less than 1 %. 

The stream surveyor measuring gradient should use a reference mark on a stadia rod 

or determine where their eye level falls on their partner, then send the partner upstream to 

act as a "sighting mark". The surveyor then sights through the clinometer and lines up the 

hairline wUh eye level on the upstream partner. Gradient is read In the window where the 

hairline crosses the graduated scale. Gradient is best measured when both surveyors are 

standing in riffles. 

2. Channel and Riparian Features - The riparian zone is composed of two dominate features, 

the flood plain and channel. The channel is further subdivided into banks and channel bed or 

bottom. All of these features represent the interaction between the flow regime for the 

stream, the quantity and character of sediment movement past the channel section of 

interest, and the character of the materials making up the bed and banks of the stream. 

Channels are shaped by impacts created by flowing ice, water and debris; so it is 

logical that some relatively frequent flows dominate the channel-forming process. On the 

average, flows that recur about every 2 years or less can be contained wUhin the stream 

channel, whereas greater flows may spread out onto the flood plains (depending on channel 

shape). The flow that is just large enough to completely fill the channel, or so called bankfull 

". 

-- _ ---- ---------------------------" 
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flow, Is the dominant flow shaping stream channels. The physical appearance (i.e. 

morphology) of the channel and flood plain are all referenced to this flow level. For purposes 

of aquatic environment Inventory, the flood plain and components of the channel are defined 

as follows: 

Channel - The channel refers to that feature containing the stream that Is distinct from 

the surrounding area due to breaks In the general slope of the land, lack of terrestrial 

vegetation, and changes In the composttlon of the substrate materials. The channel Is made 

up of stream banks and stream bottom. In this survey, use the convention of referring to the 

right bank or left bank facing In the downstream direction. 

The bankfull width Is the width of flowing water during the channel forming flood flows 

(the high flows which occur every 1 to 2 years). Bankfull width can be measured by 

examining a riffle type habitat unit where the flow Is confined within a fairly straight stretch of 

channel and the channel flows through alluvial (stream-deposited) material. A slight berm of 

material, deposited by the receding floodwaters, Indicates the edge of the bankfull channel 

width. Bankfull width is measured from berm to berm on either side of the channel, and 

average bankfull depth Is measured by stretching a line or tape from bank to bank and 

averaging the measured vertical distances from this point to the stream bottom at obvious 

slope breaks across the channel. 

Banks - The portion of the channel cross section that tend to restrict lateral movement 

of water. The bank often has a gradient steeper than 45% depending on bank materials and 

exhibits a distinct break In slope from the stream bottom. Also, an obvious change in 

substrate materials may be a reliable delineation of the bank. 

Stream Bottom - The portion of the channel cross section not classified as bank. The 

bottom Is usually composed of stream sediments or water-transported debris and may be 

covered by rooted or clinging aquatic vegetation. In some geologic sttuatlons, the stream 

bottom may consist of bedrock rather than sediments. 

Flood plain - The area adjacent to the channel that Is occasionally submerged under 

water. Usually the flood plain is a low gradient area well covered by various types of riparian 

vegetation. 

The following cross sectional profiles (Figs. 3a, 3b, 3c, from Platts et al. 1987) 

collected on Frenchman Creek in the mountains of southern Idaho illustrate the terminology. 

The cross sections are plotted using the same horizontal and vertical scales to avoid 

exaggeration of channel features. Figure 3a shows a well-defined channel wtth obvious 

breaks between the channel and the flood plain. The tops of both banks are usually close to 

the same elevation and are distinct from the flood plain because of breaks in bank gradient 

as shown in this example. The bottom of the left bank is very well defined compared to the 
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Figure 3a. A well-<lefined stream channel (downstream view). 
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Figure 3b. A well-<lefined stream channel w~h concentrated low flows and exposed bottom 
(downstream view). 
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Figure 3c. Stream channel cross channel section on a bend in a stream. 
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right bank suggesting a possible change In the composition of the substrate material at this 

point. Field examination showed a very definite transition from bottom sediments to fine­

textured, organic bank materials at this point. 

Figure 3b shows a well-defined channel and banks with low flows concentrated on 

both sides of the bottom and an exposed bottom In the middle. 

Figure 3c III ustrates a common situation found when a cross section site falls on a 

bend In the stream. In these cases, the Inside of the bend Is a zone of sediment deposition 

and the outside Is a zone of erosion from the banks. The result Is an asymmetrical cross 

section as shown. 

Often, it Is difficult to delineate the bank, especially the bottom edge, on the Inside of 

the bend because of sediment deposition. The left bank shown In the figure was delineated 

on the basis of a break In grade and vegetation growth at the top of the bank and a change 

from rock sediments to organic materials, plus a small grade change at the bottom of the 

bank. Figure 3c also Illustrates another situation that occurs with some cross sections, 

especially where the bank and bottom channel on one side have a different appearance than 

the opposite side, i.e. where friction forces near the bank cause erosion. However, the top of 

the bank Is stabilized by vegetation roots allowing the bank to undercut. Bank undercutting is 

most common along the outside of bends In the channel, but Is not restricted to bends. It 

can, and commonly does, occur on straight channel reaches as well. Sometimes, the 

undercut bank collapses, causing a stair-step appearance at the bottom of the bank as 

shown on the bottom of right bank in Fig. 3c. This Is true where bottom materials have a 

high silt or clay content, not In gravel/sand mixtures. 

3. Channel Geometry Measurements (Fig. 4) 

a. Bankfull Width - Bankfull width and depth measurements will be made where bankfull 

width can be clearly seen. The bankfull width Is that area of the channel that is typically 

flooded about every 2 years. Bankfull width and depth measurements are Important for 

determining the size of these channel forming flows as well as the width/depth ratio and 

relative stability of the channel. 

Bankfull width is best measured where the stream flow is fairly straight (such as at 

riffles) and the channel is bounded by alluvial (stream deposited) material. A berm of 

material deposited by the receding floodwaters identifies the edge of the bankfull channel. 

The berm may be obscured by leaves and vegetation. 

b. Bankfull Depth - If the channel profile Is un~orm, one or two measurements of depth 

are usually sufficient to determine average depth. Where the channel profile is not uniform, 

the idea is to take a sufliclent number of depth readings to characterize the average width of 

the channel. For a general rule of thumb, take one depth reading at the deepest portion of 
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the channel (this Is usually synonymous with the thalweg). Then take two more 

measurements at locations either side of this deep point. at positions 1/3 and 2/3 of the 

remaining distance across to each bank. When these numbers are averaged. add one more 

depth of 0 to account for the starting point on one shore, where the water surface and the 

bank or the channel meet. 

"". 

," 
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v. MASS WASTING AND CHANNEL BANK CUTTING - FORM 3, FRONT SIDE 

The length of bank cutting and Instances of hITIslope failures (I.e. mass wasting events) are 

recorded on Form 3. This Is done concurrently wHh the horizontal control survey. During this survey, 

team members should note the physical characteristics described below, estimate the area of mass 

slope failures and length of bank cutting as they progress upstream. 

The channel Is divided into three vertical components, as shown in Fig. 4: the upper banks 

include that portion of the topographic cross section from the break in the general slope of the 

surrounding land to the normal high water line; the lower banks Include the intermntently submerged 

portion of the channel cross section from the normal high water line to the wate(s edge during the 

summer low flow period; and the bottom Includes the submerged portion of the channel cross section. 

A. Mass Wasting or Slope Failures 

Mass wasting Includes landslides from adjacent hllisiopes that reach the stream channel, as well 

as mass soil movement adjacent to the channel. The difference between mass wasting and bank 

cutting is that mass wasting affects the upper banks while bank cutting affects the lower banks. Figure 

5 illustrates different types of mass failures. 

Estimate the length and width associated with each mass wasting event, and note the upstream 

and downstream turning points that bracket the length traversed. The estimated length (or height) and 

width of failures Is recorded In the space provided. 

B. Bank Cutting Frequency 

Bank cutting occurs along many channels as a response to several processes that may be 

acting in concert. Flows associated wHh large storm events, increased sediment loads that decrease 

channel flood flow carrying capacity, dam break floods, and even animal grazing. Our intent Is to 

document the approximate length of bank cutting seen along the stream. Since right and left bank 

areas are recorded separately, be sure to note the turning points that encompass the upper and lower 

boundary of the cut bank. 
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VI. STREAM CHANNEL SUBSTRATE - FORM 3, BACK SIDE 

This Important physical habitat component Is accounted for by conducting a pebble count 

(Wolman 1954) at selected riffle units during the horizontal control survey, This Is a departure from the 

visual estimation of dominant and subdominant particle sizes done during the first year of this pilot 

project. The pebble count will yield Information about coarse particle size distribution within selected 

riffles that is more reliable and easily analyzed. The bed material that characterizes the channel bottom 

is an important determinant of fish spawning and wintering habitat quality. This method is designed for 

coarse sized particles and Is therefore bias against very small and very large particles. A relative index 

of gravel embedded ness is included to serve as an empirical assessment of the percent of fine 

maierlals surrounding bed material. 

> Boulders are strat~ied Into two size classes. 

> Cobble stabilizes the stream bottom, provides habitat for fish rearing, and is the substrate 

where much of the food for fish Is produced. Cobble is divided into three size classes. 

> Gravel is important for spawning, Incubation of embryos, and as substrate for some aquatic 

invertebrates. Gravel is distributed among four particle sizes. 

> Sand (Fines) Fine sediment is separated into three classes consisting of sand (coarse, 

medium and fine sediment). The reason for the separation is that the larger particle can trap 

alevins in the redds, and the small fine particles decrease water flow through spawning 

gravels. 

The pebble count procedure involves selecting 100 substrate particles within a riffle, measuring 

their intermediate axis diameter size and recording it in a corresponding size category as seen below. 

The procedure is to randomly wander over the unit and at every second step reach down without 

looking and place your Index finger on the particle directly beneath the toe of your boot. This particle 

is removed and the middle axis Is measured with a metric ruler. The actual measurement is used to 

place the particle in a size category based upon a modification of the Wentworth Substrate Particle 

Size Classification as noted below. 

A. Particle Sizes of Bottom Substrate 

The sediment particle size categories are shown in the table below; the interpretations of 

boulder, rubble, gravel, and fine sediments are based on this class~ication. The corresponding size 

code is entered onto the back side of Form 3. 
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TABLE 2. CLASSIFICATION OF STREAM BEDLOAD (SUBSTRATE) BY PARTICLE SIZE. 

PARTICLE DIAMETER SIZE SEDIMENT CODE 

> 50 Inches (12Bmm) boulder 10 

25 to 50 in. (64-12Bmm) large cobble 9 

12 to 25 In. (32-64mm) medium cobble 8 

6to 121n. (16-32mm) small cobble 7 

3 to 6 In. (B-16mm) coarse gravel 6 

1.6 to 3 In. (4-8mm) medium gravel 5 

O.B to 1.6 in. (2-4mm) small gravel 4 

0.4 to O.B In. (1-2mm) pea gravel 3 

0.2 to 0.4 in. (0.5-1 mm) coarse sand 2 

0.1 to 0.2 In. (0.25-O.5mm) medium sand 1 

0.05 to 0.1 In. (0.125 to 0.25 mm) fine sand 0 

B. Gravel Embeddedness 

Embeddedness rates the degree that the larger particles (boulder, rubble, or gravel) are 

surrounded or covered by fine sediment. The rating is a measurement of how much of the surface 

area of the larger size particles Is covered by fine sediment (slit or sand). We have not included an 

addttional rating that would describe the nature of the embedding material (sand or silt) at this time, but 

may Include this In subsequent years. An embedded ness rating should allow for some qualttative 

evaluation of the channel substrate suttability for spawning, egg incubation, and habitats for aquatic 

invertebrates, and young overwintering fish. The rearing quality of the instream cover provided by the 

substrate can be evaluated also. As the percent of embedded ness Increases, the biotic productivity Is 

also thought to decrease. 

This estimate of embedded ness will be done at the riffle locations selected for the 

characterization of the bed material, as described above. To enhance one's judgement In making this 

rating, remove a particle of bed material and try to estimate as a % how much of the vertical dimension 

of the particle was embedded by sand or silt. Usually, a distinct line can be seen on the surface where 

the portion not embedded was exposed to flowing water. Classify the percent embedded ness 

according to the following rating, and mark the data sheet accordingly: 
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TABLE 3. RATING AND CODE FOR EMBEDDEDNESS. 

RATING DESCRIPTION 

5 Gravel, rubble, and boulder particles having less than 5% of their surface covered by fine 

sediment. 

4 Gravel; rubble, and boulder particles having between 5 and 25% of their surface covered by 

fine sediment. 

3 Gravel, rubble, and boulder particles having between 25 and 50% of their surface covered 

by fine sediment. 

2 Gravel, rubble, and boulder particles having beiween 50 and 75% of their surface covered 

by fine sediment. 

Gravel, rubble and boulder particles having more than 75% of their surface covered by fine 

sediment. 
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VII. STREAM HABITAT UNIT DATA - FORMS 4A & 4B 

The depth and velocity of the flowing water (and the hab~at available for fish and other aquatic 

organisms) Is affected by the stream banks, channel gradient, channel form, stream bottom 

compos~ion, and discharge, I.e. the rate of water flowing In the channel expressed as cubic feet (USGS 

convention) or cubic meters per second. This Is why a measurement of discharge Is taken at the 

beginning of a hab~t un~ survey. 

A. Stream Flow Measurement 

The water and surrounding channel comprise a complex and dynamic hydraulic geometry 

system where variable water flows and associated changes in width, depth, and velocity Interact wnh 

such factors as sediment transport, channel shape, bank cutting, and size of bottom materials. Fish 

can respond in a number of ways to variations In these factors, depending on species, age, and time of 

year. 

As an Independent variable driving the system, flow is an Important concern for any stream 

environment study. The three dimensional movement pattern of water flowing In a stream channel in 

addnion to daily and seasonal fluctuations makes stream flow difficult to measure and describe. 

1. Frequency of Measurement - We will be measuring stream flow (discharge) at the beginning of 

a habnat unit survey. The width and depth of all habitat un~s (riffles and Side channels especially) is 

intimately tied to flow levels at the time of the survey. As you progress upstream and encounter 

smaller tributary streams flowing Into your segment, these should be written on the survey form In the 

space for notes. These should be correlated wtth the horizontal control stations, where possible. Note 

the discharge on Form 2, as well as Forms 4A & 4B. 

Addttlonally, If ~ Is raining during the survey, the crew may want to drive a stake Into the bank 

when you take your discharge measurement, mark where the water level is on the stake and recheck 

the level of the flow at the end of the day to see how much the stage or water surface elevation has 

increased. If a USGS flow gauge is located w~hln the stream system, this should be noted on the 

survey form. 

2. Flow - Flow (0) is expressed as the rate of a volume of water moving past a given stream cross 

section per area of water (A) in square feet times flow veloctty (V) in feet per second to give the 

traditional untts of cubic feet per second. Because flow velocity varies greatly within and across a 

channel w~h both depth and width, tt is not possible to measure stream flow with a single 

measurement of velocity. Rather, the channel must be broken into a number of partial sections (Fig. 6) 

to account for variations In veloctty and depth. Appendix A contains details on determining depth, 

veloc~y and discharge. The following is a summary. 
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Figure 6_ Measuring Stream Discharge in a Typical Cross Section (from Schulz 1978)_ 
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The total discharge or flow calculation Is based on the sum of the flows for individual partial 

sections as follows: 

where: 

n = the total number of Individual sections, 

WI = horizontal distance from the Initial point, 

di = water depths for each section, and 

Vi = measured velocity for each section. 

The flow for each partial section Is calculated and then summed to get the total discharge. The 

number of sections used in any flow measurement depends on the variability of veloc~les within the 

channel. Usually, at least 15-20 measurement points should be used unless the channel is extremely 

regular in both bottom elevation and velocity distribU1ion. Measurement points are taken at all breaks 

in the gradient of the stream bottom and where any obvious changes In flow velocity occur within the 

channel. It is advisable to space the partial sections so that no partial section has more than 10 percent 

of the total flow contained in it. Cells of equal width across the entire cross section are not 

recommended unless the channel cross section is extremely unKorm. 

3. Depth at Which Velocity Is Measured - Velocity variations wtth depth are accounted for by 

measuring flow at depths where velocity Is equal to the average velocity for the water column passing 

that point. Velocity at the bottom Is zero and reaches a maximum near the surface of the water. The 

proper depths to measure the average velocity vary with water depth as follows: If the depth Is less 

than 2.5 ft., take the veloctty measurement at 0.6 of the depth; and K it is greater than 2.5 ft., take the 

veloc~y reading at both 0.2 and 0.8 of the depth. and average the two readings. All depth 

measurements are referenced to the water surface. Velocity is measured wtth a current meter attached 

to a rod or cable for measuring depth. The rod Is adjustable and can be set at the proper measurement 

depth. 

B. Terms Used To Describe Fish Habitat 

To quantny and describe the distribution and arrangement of habitat units (pools. riffles. side 

channels. and the like) we use untt descriptions which are modKied versions of those developed by 
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Bisson et al. (1982, Appendix DJ, paired wkh a sampling scheme and estimation technique developed 

by Hankin and Reeves (1987). 

Fish habkats wtthin streams are classified into four broad categories according to location within 

the channel, pattern of water flow, and nature of flow-controlling structures. The key to distinguishing 

these features and unit descriptions are included in Appendix E and Fig. 7 .. 

1. 

2. 

3. 

Riffles - These units are divided into six habkat types: glides or runs, pocket water. low 

gradient riffles, step pool cascades, slip face cascades, and rapids (according to Increasing 

velocky, and size of bed materials. 

Pools - Pools are divided Into five types: dammed pools, eddy pools, plunge pools, scour 

pools, and scour holes 

Side Channels - These Include water flowing in channels separated from the main channel. 

Wall-based channels and side channels that may provide fish habttat are Important features 

to note. 

4. Beaver Ponds - A somewhat anomalous category, but because of their importance to fish, 

have been given their separate listing. 

C. Poskion Within the Channel of Habitat Units 

Individual habitat units within a given length of stream will occupy all or only part of the wetted 

width, I.e. untts may not only occur In series, but in parallel or even nested within each other. This 

feature Is accounted for by filling in the 'unit category" block on Form 4A & 4B. An entry of "'" 

indicates that the unit occupies more than 50% of the wetted width of the unit; "2" indicates the untt 

occupies less than 50% of the wetted width; and "3' indicates the unit occurs within a side channel 

irrespective of ks posttion in the channel. 

D. Estimating Physical Dimensions of Habitat Units 

A technique for quickly sampling habitat unit areas within a given stream segment has been 

developed by Hankin and Reeves ('988). Appendix F gives a more complete description of this 

method and it's statistical basis (Parton. unpublished). The baSic approach to the estimation technique 

is for members of the crew to "calibrate' their ability to visually estimate distance, by first approximating 

and then measuring the distance to see how accurate they were. With a little practice, an individual 

can become quite consistent and refine the precision of their "eye-ball estimate'. Systematic estimates 

are made of habttat unIT length and width, using these visual estimation techniques. Depths will always 

be measured and averaged as this has proven to be easier and more accurate than estimating. 
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Within a given segment, a team classifies habitat units according to the key provided In 

Appendix E and estimates the dimensions as they proceed upstream during their Inventory. The 

fraction or Interval of the habitat units of a particular type to be measured Is based on the frequency of 

occurrence of that habitat unit (which will be roughly tallied during the horizontal control survey). 

In addition, to select the actual unit to begin both estimated and measured dimensions, a 

random number is selected. For example, frequently occurring units such as low gradient riffles may 

have a sampling fraction of one-in-ten. If "3" is randomly selected at the starting point, and '10" is the 

interval of occurrence selected to both estimate and measure, then the third, thirteenth, twenty-third ... , 

low gradient riffle will be both estimated and measured. Relatively uncommon units, such as dammed 

pools, may only occur a few times within a surveyed segment. In order to obtain measurements with 

which to calibrate their corresponding estimates, a lower sampling fraction must be assigned to these 

less frequently occurring units. 

Once the survey begins, one member of the crew Is designated as the estimator. S/he will 

visually estimate and call out the length and width, dimensions tor each habitat unit as the crew 

progresses upstream during the survey. Depths are measured and averaged for the unit. The second 

member of the team records these estimates on the data sheet, and make the determination of the kind 

of unit it is. 

1. Calibration - At every measured habitat unit ( i.e. those units selected by the sampling 

fraction) the second crew member actually measures the above dimensions that were 

'estimated' by their team partner. Under no circumstances does s/he tell the "estimator" 

what the actual measured dimensions are. These measured dimensions are recorded on 

Form 4A or 48 in the row below the estimated dimensions they are paired with. When the 

data is analyzed, a calibration factor is determined for each surveyor in order to correct the 

estimated dimensions. 

2. Habitat Unit Width - Stream width is an important index to measuring the quantity of . 

instream habitat for fish and insects, as well as the proximity of the streamside vegetation. 

Stream width is the averaged horizontal distance from wetted edge to wetted edge along the 

existing water surface within a habitat unit. Average stream width across a given channel unit 

should be visually estimated and measured, as outlined above, and recorded to the nearest 1 

foot, or metric equivalent Total unit area will be automatically calculated as the product of 

unit length times mean width. To provide consistency in measurement, protruding logs, 

boulders, stumps, or debris surrounded by water are included in the measurement of the 

water surface. 
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Islands are not Included In the measurements of hab~at unR width. Any solid 

accumulation of sand, rocks or other sediment protruding above the water and more than 1 

It (0.3 m) In width Is considered an Island. The stream width measurement ends when, on 

approaching the shoreline, any material Is not completely surrounded by water and water Is 

only pocketing between the material. The wetted width of the untt on each side of the Island 

is summed and recorded as the width of the habRat unR. These guidelines are necessary to 

obtain measurement consistency from year to year on the same stream. 

3. Habitat Unit Depth - Stream depth Is affected by stream flow, veloc~, substrate, and 

channel geometry. Depth Is Important In the assessment of potential fish production and 

biomass per unR volume of water. 

Mean channel depths at the channel unR level will be measured for every untt. Habitat 

unR depth is the vertical height of the water column from the channel bottom to the water 

surface, recorded to the nearest tenth of a foot, or 0.01 meter. At each pool, two depths will 

be recorded, one for the crest or pool outlet depth and one for the maximum depth of the 

pool (Figure 8 and Appendix G). Depths at other unR types are measured using the stadia 

rod or ruler. Determine stream depth as the average of the measured water depths taken 

across the channel unR. The stage (or elevation of the water surface at a given discharge), 

and the width and depth profile of the channel bottom largely determines how many of these 

measurements are needed. 
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Figure 8. A longitudinal profile of a reach of stream, showing the method for measuring residual 
depths. 
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E. Obstructions 

The column labeled "obstructions" on Form 4A will account for the in-channel feature that forms 

pool unks only. The list of possible obstructions are listed on the code reference sheet and !nclude 

log(s), debris jam(s). standing tree, other root protected banks, boulder(s) or bedrock. 

F. Large Woody Debris 

Trees, logging debris, stumps, root wads and similar large woody debris (LWD) that enters a 

stream channel play an important role in determining both the physical character of channel unks and 

the sukabilky of Instream habttat for fish and aquatic Insects. The size, type and distribution of this 

material changes over time, and streams of different character can accommodate differing amounts of 

LWD loading. The objectives of this sampling scheme are to get a count of LWD occurring either 

singly or in log jams, and how these pieces are distributed within a valley segment. This data Is 

entered on Forms 4a & 4b. This approach to measuring and rating In-channel organic debris is keyed 

to visual estimation of habHat units. Since we want to get an accurate count of LWD, we only want to 

count a piece Dr log Jam once. So even though a stump or log may span more than one channel unit, 

we only want It counted within the first unH where It is encountered. 

, . For the first occurrence within a channel unH, count each piece of woody debris within the 

bankfull channel, or each log jam when three or more pieces occur together. The total 

number of pieces In the location classes (A - D) should be equal to the total number of logs, 

root wads and debris Jams wHhin anyone unH. 

2. On the Habitat Unit Data Forms 4A & 48, record the number of individual logs or root wads 

3. 

indicated on the form. Logs should be > 10 feet long to be counted. This minimum length 

can be reduced somewhat in smaller streams with less energy to transport debris. Root 

wads are counted separately, and should be at least two feet in diameter to qualify as root 

wads. 

When counting the pieces of woody debris wHhin a channel. record the number of logs or 

root wads under the appropriate position column where: 

A 

B = 

c 

o 

All or a part of the woody debris occurs wHhin the active channel, but not 
within the unit. 

Partially in channel unit, partially outside of unit, and influencing up to 50% of 
the unit. 

Lies completely within the channel unit,with the log or stump mostly 
submerged and anchored, and influences more than 50% of the unit. 

Spanning or bridging the channel, but not in contact with the water surface at 
the time of the survey. 
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VIII. RIPARIAN VEGETATION - FORMS 4A & 49 

Streamside or riparian vegetation Is probably the most critical vegetation on the landscape 

relative to maintenance of both instream fisheries habitat and water quality. It has a large bearing on 

many of the physical attributes of a stream, such as bank stability, sediment Input, water velocity, and 

stream temperature. These variables largely determine the character of the Instream habitat for fish 

and aquatic Insects. The amount of sunlight reaching the surface of the stream, which Is the energy 

base for aquatic plant growth and stream temperature, Is also a function of the surrounding vegetation. 

In addition, riparian areas are Important Islands of diversity within extensive forested ecosystems. 

Our approach to monitoring riparian vegetation involves measurement of canopy closure and 

assessment of riparian vegetation seral stage, vegetation type as well as land use within the riparian 

area. 

The measurement of the canopy closure provides an Indirect measurement of the degree of 

shading afforded the stream by the adjacent riparian vegetation. The relative importance of canopy 

closure Is a function of the width of the stream, the slope, the aspect and general character of the 

riparian vegetation, and the sensitivity to temperature effects, e.g. streams on the east side of the 

Cascades may be more subject to temperature changes than those on the west side. The method 

described below has been excerpted from Platts et aI., 1987. Measurements of canopy closure need 

only be made at every measured habitat unit or when obvious changes in adjacent forest stand 

management are seen, such as in a clear-cut forest. 

The second aspect Involves characterizing the vegetation along the stream corridor by the 

apparent seral stage of the plant communities. These visual estimates of seral stage will be made at 

every habitat unit. In addition, note the apparent land-use of the adjacent area. Fill In the appropriate 

boxes on the form provided. 

A. Canopy Closure 

A spherical densiometer Is used to estimate canopy closure. Canopy closure is the area of the 

sky over the stream channel bracketed by vegetation. Canopy density is the amount of the sky 

blocked within the closure by vegetation. While canopy closure can be constant throughout the 

season if fast-growing vegetation Is not dominant, density can change drastically if the riparian 

vegetation is deciduous, as is likely the case in many east-side areas subject to intensive land use 

practices. 

Originally, these methods were taken from Platts, et al.. (1987). After some field trial and error, 

they have been simplified, as indicated below. Those dealing with 5th or greater order rivers should 

follow the methods in the original manual or consult Platts (1987) for details. 
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1. For streams less than 40 feet across (wetted width), simply stand In the approximate middle 

of the channel untt and take four readings using the denslometer as described below; one 

facing upstream, then downstream, then in turn facing the right and left bank (the order 

doesn~ matter as long as all four directional readings are taken). Generally, one can follow 

the Instructions printed on the cover of the densiometer, although some have found them 

somewhat confusing. 

2. When the channel unit width is greater than 40 feet, two additional readings (one facing 

upstream and one facing downstream) should be made at both the right and left edges of the 

channel untt, and the scores added to the total number of readings averaged for the entire 

cross sectional stte. If desired, a line or cord may be stretched across the center of the untt 

wtthin which the canopy closure measurement will be made. This line serves as the cross 

channel reference point for placing the densiometer. 

3. The denslometer is held in the hand in front of the observer, and above the water surface at 

approximately waist height. The arm, from the hand to the elbow, Is held horizontal to the 

water surface. The densiometer is held away from the observer In the upstream direction. 

The observer's head reflection should almost touch the top or bottom of the grid line 

(depending upon whether you are holding a concave or convex densiometer). Use the level 

bubble to keep the Instrument steady. Points on the grid etched into the reflective surface 

will show clear sky or vegetation. 

4. Notice that there are 24 sectors etched onto the reflective surface of the densiometer (Fig. 9). 

Imagine that each sector is further subdivided into four quarters, with each qUilrter section 

having a possible score of 1, and each etched section having a possible maximum score of 

4. It is within these four quarters that your readings are focused. Count the sections that do 

have vegetation in them; or count the sections that do not. We will explain the procedure for 

both. 

5. If there is a high degree of canopy closure, you might find it easier to count the number of 

quarter sectors that appear to not have overhead vegetation in them; these are given a score 

of one. There are a maximum of four points possible within each square. When vegetation 

appears within the quarter sector, irs score is zero. Assume 4 equally spaced dots in each 

square on the grid and systematically count dots equivalent to quarter-square canopy 

openings. 

, 



Page 35 - T IF /W Stream Ambient Monitoring Fiald Manual 

HEAD RE'LECTION 

/ 

TO' LINE CROUn 
TO'" 0' HEAD 

.-....-CV'" _ 

". IitI "" 
", " /' , 

/ , 
/ , 

.TAPE! '\ 

\-
I \ 

/ 

, , , 
I 

I 
I 

I 

-~,/ (@) 
BUBILE LEVELED ~ 

Figure 9. The concave spherical densiometer, showing placement of head reflection 
and bubble level. 



--------------------------------,------------ ------~~~ 

l 
l 
. .., 
I 

1 
I 

"l , , 
! 

-, 

, 
• 

6 . 

T IF jW Stream Ambient Monitoring Field Manual Page 36 

Add up all of the scores for each of the four directions together, and divide by four (or by 8 ~ 

readings were taken at both banks) to get an average score, and subtract this from 96 to get 

a closure estimate. Multiply this averaged score by 1.04. This is entered as the percentage 

of canopy closure. In cases where there Is little overhead vegetation, it is easier to simply 

count the quarter sections that do have vegetation in them. Scores are again averaged and 

the product multiplied by 1.04 to give the percent of canopy closure. 

An example is given in Fig. 9 that demonstrates this concept. You will notice that in 

this example, there is some vegetation shown In the reflective surface, but generally it 

appears to cover less than 50% of the overhead area reflected in the Instrument. Imagine 

that the observer is facing upstream. Counting the quarter sections within each grid mark 

with vegetation in them gives a score of 39 out of a possible score of 96. Assume that 

readings were taken in the remaining three directions and the scores recorded are 24, 41 and 

22, respectively. Take the average of these four scores, which is = 31.5; then multiply by 

1.04 to give a score of 33 (round up). This Is the % of canopy closure for the unit. 

When the data is processed, we will have the program take the average of all closures 

or density measurements on all transects on the stream segment being studied. The average 

percent canopy closure for the cross section Is recorded on the Habitat Unit Data Form 4. 

The largest value for this is 99%. 

B. Seral Stage of Streamside Vegetation 

Our approach to characterizing the vegetation along the stream corridor is to record the seral or 

successional stage into which it appears to fit. The attached profiles of successional stages (Fig. 10) 

give a broad picture of the different kinds of vegetative community profiles that you will likely encounter 

in the field. The physical appearance of the seral stage may vary somewhat depending upon where 

you are in the state, but this should provide a basic guide to community structure. 

Only the vegetation growing within 25 feet of the streamside edge need be included in the 

observers frame of reference. The idea here Is to give a general indication of the dominant stage of the 

streamside plant community, be it primarily grasses, shrubs or a young mixed forest of hardwoods and 

conijers. In the future, we will expand the scope of monitoring within the riparian corridor to answer 

specific questions. 
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Figure 10. Successional stages of flora in some forest zones In Washington. 
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Successional Stage Definitions !I 
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Grass-forb: Shrubs and/or tree regeneration less than 40 percent crown cover 
and less than 5 feet tall; unit may range from largely devoid of 
vegetation to dominance by herbaceous species. 

Shrub-seedling I Shrubs greater than 40 percent crown canopy: of any heiqht: 
trees less than 40 percent crown canopy with small diameters. 

Pole-sapling: Tree crown canopy less than 60 percent. 
Young: Crown canopy cover exceeding 60 percent. 
Mature: Crown cover may be less than 100 percent: little decay or defect 

preaent:minimal occurrence of understory trees: dead and down 
material residual from previous stand. 

Old growth: Stands with at least two tree layers (overstory and understory): 
at least 20 percent of the overstory layer composed of long-lived 
successional species: standing dead and down material; decay in 
some trees. 

1/ Adopted from Hall, r. et al. 1982. 
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Seral Stage Rating - Record the applicable seral stage rating on the habttat untt form for 

each unit. Code the seral stage of each bank (facing downstream). 

Codes: 

1 ; clear-cut « or ; 5 years since harvest) 

2 ; grass/forb 

3; shrub 

4 ; pole stage 

5 ; mature timber 

6 ; old growth 

2. Land-Use - In a general sense, note in the land-use column what the dominant land-use of 

"the area by bank, adjacent to the stream appears to be from the following categories: 

Codes: 

1 ; agricultural (row crop) 

2 ; livestock grazing/pasture 

3 ; timber lands 

4 ; residential 

5 ; right of way (roads, powerlines, etc) 

6; mining, 

7 ; riparian management zone 

8; wetland 

9 ; other (explain in comments) 

3. Note on the data sheet in the Vegetation Type field whether the riparian plant community is 

(1) primarily decidious, (2) primarily coniferous, or (3) a mixture of each (approximately a 

50:50 ratio) 

~ . ..," 
-Q;~~": 
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1;t" . ...: . 
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APPENDIX A. 

VALLEY SEGMENT TYPES USED IN TFW CLASS~~CATION. 

VALLEY SEGMENT TYPE DESCRIPTOR 

ESTUARINE DELTA 

WIDE ALLUVIATED LOWLAND PLAINS 

WIDE, MAINSTEM VALLEY 
aka. wide alluviated valley floor 

ALLUVIAL/COLLUVIAL FAN 

GENTLY SLOPING PLATEAUS & TERRACES 
rolling plains & plateau 

MODERATE SLOPE BOUND VALLEY 

ALLUVIATED, MODERATE SB VALLEY 

INCISED U-SHAPED, MODERATE GRADIENT BOTTOM 
incised colluvium/till, moderate gradient 

channel valley 

INCISED U-SHAPED HIGH GRADIENT BOTTOM 
incised colluvium/till, high gradient 

V-SHAPED, MODERATE GRADIENT BOTTOM 

V-SHAPED, STEEP GRADIENT BOTTOM 

BEDROCK CANYON 

ALLUVIATED MOUNTAIN VALLEY 

U-SHAPED VALLEY 

U-SHAPED, ACTIVE GLACIAL OUTWASH VALLEY 

VALLEY WALL/HEADWATER, MOD. GRAD. BOTTOM 

VALLEY WALL/HEADWATER, HIGHGRAD.BOTTOM 

VALLEY WALL/HEADWATER, VERY HIGH GRAD. BOT. 

NEW 
SYMBOL 

F1 

F2 

F3 

F4 

F5 

M1 

M2 

U2 

U3 

V1 

V2 

V3 

V4 

U1 

U4 

HI 

HZ 

H3 

OLD 
SYMBOL 

A1 

B1 

B2 

B3 

C1/C3 

C2 

C4 

01 

02 

E1 

E2 

E3 

FI 

F2 

GI 

G2 

G3 

I'\S1 
#/survey 

o 

o 

7 

4 

o 

8 

6 

1 

1 

10 

11 

7 

o 

o 

o 

2 

1 
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--I HABITAT UNIT CODES 
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UNIT CATEGORY 
1) > OR = 50X WETTED WIDTH 
2) UNIT < 50X WETTED WIDTH 
3) OCCURS IN SIDE CHANNEL 

UNIT TYPE 
1) CASCADE 

RPD = RAPID 
SPC = STEP'POOL CASCADE 
SFC = SLIP'FACE CASCADE 

2) RI FFLES 
PKW = POCKETWATER 
GLD • GLIDE 
RUN = OBVIOUSI 
LGR - LOW GRADIENT RIFFLE 

3) POOLS 
DMP = DAMMED POOLS 
EDP • EDDY POOL 
PLP = PLUNGE POOL 
SCP = SCOUR POOL 
SCH = SCOUR HOLE 

4) SECONDARY CHANNEL 
SOC = SECONDARY CHANNEL 

5) BEAVER PONDS 
BMP = BEAVER PONDS 

OBSTRUCTIONS (FOR POOLS): 

1 LOG(S) 
2 WOODY DEBRIS JAM 
3 STANDING TREE 
4 BOULDER (S) 
5 BEDROCK 
6 ROOT PROTECTED BANKS 
7 BEDFORM 
8 OTHER" 
(* EXPLAIN IN COMMENTS SECTION) 

SUBSTRATE PARTICLE SIZE CODE: 
CODE SEDIMENT SIZE 
10 BOULDER 
9 LG. COBBLE 
8 MED. COBBLE 
7 SM. COBBLE 
6 COARSE GRAVEL 
5 MED. GRAVEL 
4 SM. GRAVel 
3 PEA GRAVEL 
2 COARSE SAND 
1 MED. SAND 
o FINE SAND 

>50" 
25·50" 
12.25" 

3-6" 
1.6-3 11 

0.8-1.6" 
1-2MM 
0.5-1.0HM 
0.25-0.50MM 
0.125-0.250MM 

WOODY DEBRIS LOCATION: 
A = !Q! WITHIN WETTED AREA 
B = PARI TALLY WITHIN UNIT 
C = COMPLETELY WITHIN UNIT 
D = BRIDGED 

SERAL STAGE: 
1 = CLEAR CUT 
2 = GRASS/FORB 
3 = SHRUB 
4 • POLE 
5 • MATURE 
6 = OLD GROWTH 

VEGETATIVE TYPE: (WOODY) 
1 = DECIDUOUS 
2 • CONFEROUS 
3 c HIXED 

LAND USE: 
1 = AGRICULTURE 
2 = LIVESTOCK GRAZING 
3 • TIMBER 
4- • RESIDENTIAL 
5 = RIGHT OF WAY 
6 = MINING 
7 = RMZ 
8 = WETLAND 
9 = OTHER (EXPLAIN) 

EMBEDDEDNESS: 
1 = > 75X 
2 = 50 • 75X 
3 = 25 • 25X 
4 = 5 • 25X 
5 = < 5% 
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4.1 General Considerations 

Discharge (rate of flow, (low) is the volume of water that flows 
past a given point per unit time [e.g., cubic feet per second (cfs»). 
It is the product of the cross-sectional area of flowing water and its 
velocity. 

The discharge in some rivers and locations may be obtained directly 
from the U.S. Geological Survey. Information requested on Form 9-207 
from the U.S. Geological Survey for any station will include date, 
width, area, mean velocity, gage height, and discharge. Hany stations 
are now monitored by satellite, so that this information is available 
sooner than published records. Contact the National Oceanic and 
Atmospheric Administration (NOAA). This information should be related 
to the study site only if the gage house is nearby and if you can be 
relatively certain that the flow in the study area is the same as at the 
gage (i.e., no significant inflow or outflow between the gage and the 
study area). 

If access to a stream gage is not possible or the stream flow is 
not known to be the same between the gage and the study area, the dis­
charge must be measured at the study area. Because the accuracy of 
oischarge measurements is greatly influenced by the amount of variation 
in the cross section, the discharge should be calculated from the cross 
section with the most uniform dimensions and substrate. For river 
surveys, velocity measurements are likely to be made at all cross 
sections, so discharge can be calculated for any of the cross sections. 
If all cross sections are highly nonuniform, it may be desirable to find 
one nearby the study area exclusively for discharge measurement. The 
discharge calculation should have the same number of significant digits, 
based on the preCision of the stream-gaging measurements. 

Discharge can also be measured directly using weirs and flumes 
(Bureau of Reclamation 1967), which is beyond the scope of this manual. 

4.2 Channel Geometry Elements Used in Discharge AnalYSis 
(modified from Bovee and Hilhous 1978) 

The following elements are used to calculate estimated discharge: 
Bottom slope (S ) is the change in the average elevations of the bottom 
between two cro~s sections, divided by the distance between them. 
Channel roughness (n) is a coefficient of resistance to flow caused by 
particle friction and channel features. Cross-sectional area (A) is the 
area that contains water perpendicular to the direction of flow, computed 
as width x mean depth of cross section. Depth (d) is the vertical 
distance from a point on the bottom to the water surface (Fig. 4.1). 
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Fig. 4.1. Cross-sectional area of channel is computed as width (W) x 
mean depth of the cross section. Stage is the elevation of the 
water surface above a datum (plane of known arbitrary elevation) 
(from Bovee and Milhous 1978). 

Energy slope (S ) is change in total energy (potential and kinetic) 
available, diviaed by the distance between cross sections (Fig. 4.2). 
The total energy at a channel section is found with the open-channel 
form of the Bernoulli equation, as follows: 

H = z + d + V2 /2g (4.1) 

where H = total energy head (ft or m) 

z = elevation of the bed (ft or m) 

d = average depth for section (ft or m) 

v = average velocity (ft/sec or m/sec) 

g = acceleration of gravity (32.2 ft/sec 2 or 9.8 m/sec 2 ) 
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For practical purposes, the terms z + d equal the water surface 
elevation for a given cross section (Fig. 4.2). Thus, the slope of the 
energy grade line is 

_J 

1 

h2 - hi 
s = --­e (4.2) 

r------------------~w~~~~ . 4TER SURF4CE H'I '2 
~:-~'~S~h--________________ J V, 

Tv 
..i. 

CH,qN I __ Ne( 
d , ---- ---- -- ..... 4.\' __ 

---- ----- -- - - - - - - - - - - - - - --.,.. _·..L./.f-A"lI-<::i--- ......... 

I Z, 

J_l DATUM --- - ------

Fig. 4.2. Variables used in the energy analysis of open-channel 
flow (from Bovee and Milhous 1978) 
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If the assumption is made that flow in the chanQel is uniform, then 

the bed slope, hydraulic slope, and energy slope are considered equal: 
So = Sh = Se· 

Hydraulic depth (d) is equivalent to mean depth; d = A/w. 

Hydraulic radius (R) is the 
the wetted perimeter: R = A/p. 
mates the hydraulic depth. 

ratio of the cross-sectional area to 
For wide, shallow channels, R approxi-

Hydraulic slope (Sh) is the change in elevation of the water 

surface between two cross sections, divided by the distance between the 

cross sections. 

Stage is elevation, or vertical distance, of the water surface 
above a datum (a plane of known or arbitrary elevation). 

Steady flow occurs when the depth of flow in an open channel does 
not change 'or can be assumed constant over a specified time interval. 

Unsteady flow occurs when the depth changes with time. 

Thalweg is the longitudinal line connecting points of minimum bed 
elevation along the streambed. 

Uniform flow occurs when the depth of flow is the same at every 
section of the channel. Thus, the hydraulic slope, energy slope, and 
bottom slope are parallel. 

Varied flow occurs when the depth of flow changes along the length 
of the channel. Varied flow is classified as either rapidly or gradually 
varied, depending on the distance within which the change in depth 
occurs. Rapidly varied flow is manifest in an abrupt change in depth, 
resulting in hydraulic jumps, hydraulic drops, and related phenomena. 
The criterion for uniform or varied flow is change in depth with respect 
to space. 

4.3 Commonly Used Equations For Analysis of Open Channel Flows 

The water surface elevation in a stream defines the cross-sectional 
area of flow. If the velocity is also known, the discharge can be 
calculated using the equation of continuity: 

Q = AV 

Q = discharge (ft 3 /sec or m3 /sec) 

A = area Qf the cross-section flow (ftZ or mZ) 

V = average velocity of flow through the CrOss section 
(ft/sec or m/sec) 

4-4 

(4.3) 

I 

• • 

• .. 
• • • • 
• 
• 
• 
• 
• 
• .. .. 



• • • • • .. 
• .. 
• 
LI 

• • 
• • 
• 

In 1889, an Irish engineer, Robert Manning, presented a velocity 
equation known now as the Manning equation: 

v = mean velocity in the channel (ft/sec) 

R = hydraulic radius (ft) 

S = slope of the energy grade line 
e 

n = the coefficient of roughness, referred to as Manning's n. 

(4.4) 

The version of the Manning equation given as Eq. (4.4) is in English 
units. If metric measurements are used for R, the term 1.486 is omitted 
from the equation, and V will be given in metric equivalents to R. 

Discharge may'be calculated by substituting V from the Manning 
equation into the continuity equation: 

1. 486 2/3 1/2 
Q=--R S A e 

n 

The cross-sectional area and hydraulic 
cross-sectional measurements and the stage. 
computed for the cross section by 

n = 1. 486 2/3 1/2 
--R S A 

Q e 

radius are determined ~y the 
Manning's ~ may then be 

Manning's n is then assumed constant in subsequent calculations 
when new stages are used for new discharge estimations. Manning's n can 
also be estimated in the field by experienced personnel in the field. 
See section 19.5, for further discussion of the estimation of n by 
observation. 

4.4 Determining the Stage-Discharge Relationship 

Once the stage has been determined for a certain discharge, its 
elevation is used to determine future discharges. Knowing the stage, 
the depth distribution is found for each cross section by subtraction of 
bed elevations across the channel from the stage. Thus, if the stage 
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and bed elevations are known, the depth may be determined at any location 
on the crOss section. 

A. Manning Equation, Assuming Uniform Flows 

Assuming a uniform flow,' the measured hydraulic slope Can be used 
instead of the energy slope. Flow variations caused by changes in 
channel geometry are assumed to be negligible. The more uniform the 
dimensions and substrate of the channel, the more reliable the results 
will be. 

The following elements of channel geometry are measured at two 
cross sections: (1) water surface elevation (stage); (2) discharge; (3) 
hydraulic slope; (4) dimensions of the channel cross section, using 
partial sections (a) width and (b) depth; and (4) cross-sectional area 
and hydraulic radius calculated from cross-sectional dimensions. 
Manning's n is then calculated by Eq. (6). To determine discharges at 
different stages, only stage is measured in the field. All other data 
can be calculated using the stage measurement, and the Manning's n i"s 
assumed to remain constant. I 

B. Rating Curve 

This is the most accurate method of obtaining a relationship between 
stage and discharge. It requires the determination of several discharges 
directly from field measurements. Stage is plotted on the abscissa and 
discharge on the ordinate of log-log paper, or a least-squares equation 
is calculated from these data pairs. Subsequent estimations of discharge 
require only a stage measurement, which is used on the plotted curve or 
in the regression equation to calculate discharge . 

4.5 Calculations of Partial Discharge 

Methods for obtaining data required for discharge calculations are 
found under the appropriate chapters in this manual (Depth, Distance, 
Velocity) . 

Referring to Fig. 4.3, you will see that data on the total channel 
cross section is composed of measurements that describe partial sections. 
Each partial section also has a partial discharge calculated from the 
field measurements: 

a. 
1 

W. 
1 

= 
= 

cross-sectional area of partial section, i 

width of partial section, i; the distance halfway to 
the previous measurement point, n - 1, plus the 
distance halfway to the next measurement point, 
n + 1 

d. = depth of partial section, i, measured at the center 
1 of the partial section (observation point n) 
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Fig. 4.3. The total channel cross section can be divided into partial 
sections and a partial discharge calculated from b, d,and the 
velocity in the partial section. The total discharge is the sum 
of the partial discharges (from Bovee and Hilhous 1978) 

v. = velocity of partial section, i 
1 

q. = discharge through partial section, i 1 

a. = w. x d. 
1 1 1 

qi = a. x v. 
1 1 

qi = w. x d. x V. 
1 1 1 

4-7 



l 
• . ---.:-----~--~ 

f 
! 

The discharge for the entire transect is the sum of the partial 
discharges: 

Q = L (v. x W. x d.)" 
111 

4.6 Accuracy 

(4.5) 

The accuracy of discharge calculations depends on (1) the accuracy 
of methods used to measure width, depth, stage, and velocity; (2) the 
number of partial sections measured: and (3) the accuracy of the 
estimated Manning's n. 

Accuracy of subsequent discharge predictions depends on whether 
they rely on one set of field measurements (Manning's equation) or on a 
rating curve constructed from a number of measurements. 

The reliability of Manning's equation is limited by the range of 
flows of interest and the magnitude of extrapolation from the calibrated 
flow to the unknown flow. Seemingly small differences between the 
assumed value and the actual value for Manning's n can introduce very 
large errors into the prediction. Factors that introduce large errors 
in the rating-curve method include discharge measurements too close 
together and construction of a curve from only a few measurements. See 
Bovee and Milhous (1978) for an analysis of error for the different 
methods of predicting discharge. 

4.7 Equipment 

Because discharge is estimated by calculation, required equipment 
for field measurements is listed under the individual variables necessary 
for calculating the equations. A calculator with memory or access to a 
computer should be acquired when large amounts of data are expected. 

4.8 Training 

Measurement of the individual variables requires different training 
periods and devotion to accuracy. If the field data are on well-planned 
data sheets from which calculations can be directly made, little time 
should be required to explain the sequence of calculation. The calcula­
tions are simple arithmetic, but they can be tedious if done by hand. 
Use of a computer package requires experience. 

4.9 References 

Barnes (1967), Binns (1982),Bovee and Milhous (1978), Dunne and 
Leopold (1978), Gregory and Walling (1973), Bureau of Reclamation (1967). 
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APPENDIX D • 

It. STST!II or IIAHIlIG, IIAInAT TYPES III SHALL STlIEAIIS, I1Ira aAMPL!S 

or IIAIITAT urtLIZAl'ION BY SAIJtJlIlDS DUUNG LOW STltAHn.OWI 

F.t.r It.. Bi •• on, Jannif.r L. Ni.l.~l 10, It.. P.lma.on 
and Larry E. Grov.' 

I 

1 .. , 

Ab.tr.ct.--Pi.b habit.t in .mall .tr .... i. cl&a.1fi.d iDto • 
nu:mber of type. accordlD8 to location within thl d1aDDIl, pattern 
ot vat.r flow, and DAture at flow coctrol11na .truc:tur ••• I1ffl .. 
.r. d1vidad into tbr •• habitat typ .. , lov ,r.di.nt riffl .. , rapid., 
ADd c.ue.d ••• Pool. ar. divided into .u typa.: .Ci'i.'(·':'''''~.:1 clJ..~.1 
pool., bac.lcvatar pool., trlDch pool., p1unal pool&;~ ltltc...:·:cl ~Ct.l"r 
pool., and d .... d pool •• Glido., th. Lo.t habitat typ., ore intor­
modi.t. 1n many cbaract.riatica b.tvoan rifflo. and pool •• &abitat 
utili •• tion by .. lmDnid. va. otudied durtna .\maar low .trosallov 
cond1tions iD four waatorr, \!MhiDgton .tr ..... lIa.t ... 0+- c:oho 
.al.mon (OncorhY.,nehua J~,!£!~~~!; I'II.rad ira pool.. partleularly back­
vat.rll. anq pJ':'tl:flilne" C.'ft'('U( proVided by rootvacll. A lev lar,1 cobo 
occup1W<1 ~tttlu sud .ou:h~ tho covor of ovorb .... i ... urro.trial 
v.,ot&tlo~ .nd uadorcut ~ks. ",. 0+- oto.lboad traut (Salmo 
,airdn.ri) •• l.ctod rifflo. witb lar,o wood d.br1a; whilo .c. 1+ 
.toolb •• d prof.rrod pluq., tranch, aDd l.toral '<our pool. witb 
wood d.bri. and undercut banks. Tho larS .. t individual. of botb 
.to.lb.ad .,. cl ••••• ver. found in tv1ftl, flovt ... rifflo habit.t •• 
"'0.0+- cutthro.t traut <h cl.rki) pr.forrad lev cr.diant riffl .. 
but tv1tch.d to ,lid ... nd pluDI. pool. whoa .t •• lboad .nd coho w.r. 
pr ... ct, tbua auss •• ti ... tbat thoy bad b.ac comp.titiv.ly d1aplac.d 
from. prof.rrad habitat. AI. 1+ .nd 2+ cutthroat praf.rrod b.ck­
water pool. vbln coho vIr. ab •• ac but avoided th .. whln coho VII'I 
prl.lnc. Cutthroat of all &11 cla •••• 8ln.rally favored covlr prov­
ided by wood d.bri. ic both pool &cd riffle habitat •• 

IlITRODOCTIOIi 

Identification of thl importanc camponlat. of 
.tream habitat 1s ••• entia1 if we ar. to accurat­
ely a ••••• env1roamlatal chaDg •• underatan4 ecol­
ogical •• greg.tioc withiD multi.p.ci •• commun1ti •• , 
or datlnD1nl the nled for .crUII enhaDC.IIlC proj­
ect •• Holt fi.b •• 1D ~l atre ... ar. habitat 
.p.ci.lis.. (Gorman &cd !tarr 1978) aDd utlli •• 
speCific loc.tioe. within Itrl .. ch&DDll. throulh­
out their frelhwater life cycla. 1n ra.pon •• to 
different spavulns, feed1DI, aod overv1nterina 
roquirement. (Northcot. 1978). Witb1n th. S.lmon­
id •• competitioc pl.ya • k.y rol. 1c habitat 
utilizatioc wh~n food i. 11.m1tad (1:all.b.rl 1958; 
X •• nley.ide acd Yamamoto 1962; Bartman 196'; 
Ch.pmac 1966&; KaaOD 1969; and monr oth.r.) and 

IPaper pre.ented at the sympol1ua on Acquil­
itioc .cd Ut11i •• tioc of Aquatic Kabit.t Icvectory 
Info~tioc (Portland, Oro., Octob.r 28-30, 1981). 

Prellnt addre •• : Weyerhaeu.er Company, 
Western Forestry Rlsearch Cluter. Cactral1&, 
~ •• hingtoc 98531. 
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aucb d.Daity d.p.cdont ict.ractions r •• ult in hab­
itat p.rt1tiocicl that f.cll1t.t •• tho coCEiatonco 
of leveral splcie ••• vill •• multiple &8e cla •••• 
(RcI.ClVOil 1981). Babitat .bift. cac occur wh.c 
coaditioDa uc.uitabl. to foadici dovolop' (Buet 1969; 
Bu.tard acd N.rver 1975.; KaaOD 1976; l.torsoc 1980) 
loadici to tb. br •• kdovc of t.rritori.. &cd tho .g­
,r.s.tion of individual. into prot.ct.d ap.c ••• Ut­
ili~tioc of particular locotioca within tho .tream 
vari •• ,r.atly in t1m1 aDd apacI, and althouSh ~ll 
.tr.ams t.nd to b. atructur.lly complex, few 1£ acy 
ar ... of thl channel ar. DOC occupied at oae time 
or &Dothar. 

F1ah.ry biologiat. hav. traditionally cl ••• -
ifi.d atreams iDto a vari.ty of .oc.. baaed 
OD channa! cbar.ct.riatic. ( •• ,. Pl.tt. 1974; 
Moroau and L.s.cdr. 1979), •• soci.tod biota 
(0.1., Buot 1959), or a combination of phyaic.l, 
chf:ll1c.l, and b10lolicol foaturu ( •• 1. Bi=a ~" 
and Eia.rmaa 1979). Babit.t r.quiram.cta have 
otten beeD pre •• nted .. colerace. racge. or 
preter.cd& for certain vatar quality conditions. 
While tolerance limit. tor luch parameters .1 



dU.ol"ec1 0",,0 ~Gd te.,erat.llre ha... b •• a. 
d.fiDed vitA relati'v'. pecci.ioD. for MIlY {1.b 
.'Pec1 •• t lack of .. puci.. 1aol\U.e 4e.cribia.. 
the co.pGD.ellt. of the pby.ical ea.virOGalDt u, 
11_it our ability to predic't a Itre ... l • 

Jroductivity for I ,,-ci.. of iDter •• t. The 
oftea ... u. •• d Qa_. I riffl.' and 'pool t COIlVe)' I 

Qetioa. of r.lative w.~r .depth Illd current 
volocity. but b.yoa4 this they .iv. little 
iadicatioo of liviDI cODdition. rel.tlve to 
sub.trlt., flow ,Ittema. aDd co ... r. Mot 
lurpri.ia.lly. cOD.leSer.hle vlriatioD. •• 1.t. io 
fiab utilizatloD. of the.. ..neral clt •• ori •• 
witbiD tbe .t .... (AIleD 1969). Th. t.r.iDolol1 
di.cualed iD tbi' paper °repr •• aDt",· "Ill at;ta.pt to 
cla •• ify habitat ia. .r.ater detail. Rel"lt. of 
limited field eVlluatioa. indicate tbat ~ 
syat .. caD be • u •• fu.l tool io •••••• ill. Itr ... 
coodit1001 and iD d •• cribilll Ip.tia1 ••• r ••• tioD 
.-onl coexiltiDI fllb. pop~l.tloll •• 

tlETHODS 

. TermiAolo" 

Th.re .pp •• r. to b. IlO videly .ccepted let 
of habitat defiAH.ioA' for .ul1 .tr ..... -

Flour_ 1. Low "laleM ,tW •. 

Figw. 2. A •• "'L 

"""'. 3. e.ICla •. 
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Altb.oup riffl •• aDd poolo ar. tb.. ba.ic uaita 
of cb.aGA.l .. rpb.olory aDd will alw.ya devolop iD 
a.aturll .tre.... a. • _chaD.!.. 'of self­
adjulUNGt t.o tbe law of le •• t tt- rat~ of 
omerl1 oxpe04itu.e (Yaol 1971). tho actual 
cOAlipraU,oll acc! hydraulic propert.i.. ot the •• ' 
""its or. blably variabl.. Th. cODtiIlUO""-.­
.ud.UolI ill d.ptb. aDd ... locHy b.tw .. " pool. ' 

. ·alld riffle. hal .pa.e. t.au Iu.ch .1 • tWIt 
wbich Ipp.ar frequillt.ly ill fi.heri. •• litlrat.ure' 
of tom without, detailN .xpl ..... Uo". I; 
atte.pt.illl to COIl.truct • prlct •• aDd c~D.ilt.a.t 
I.t of d •• criptive teraa va have ut.ilized 
doU"itiolll froe tb. Glo .. ary of Geolol1 (Guy 
et al. 1974) wh ....... po .. ibl.. -

Riffle. 

Th... typ.. of .iffl. babitat. we •• 
idoatiUed. Low lu4i.ot riffl.. (ril. 1) w ... 
.ballow « 20 ca de.p) at.... r •• cb.. with 
.. d. rat. turro"t v.loeity (20-50 ca/ •• e) aAd 
.octer.c.. t\lrb,,1.a.c.6 Sub.trlt.e v.. u.u.a l1y 
Ca.pol" of 11' ••• 1, pebble, _Ad cohbl.-Ilz.d 
p.ttiel.. (2-256' _). loA upp ..... dioDt U.it 
for tbb babitat type w .... bitsrily aot at 4\. 
RAlpids (ril. 2) po ..... N a .radio"t .... t .. 
tho" 4\ w1.tb avtftly flowial w.ter (>50 CII/ •• c) 

' ...... s. "CIl •• '. 11001 •• MCiat~ _*ttl bOuIdM'L 

' .... I. leak •• ,. pool •• "",t.- .ttft rootwad.. 
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. If..,. 7. laell ••• et ooot ••• ocia.ed _"" laroe debria. 

'...... TrllftC" poot "'OCilitN witll bedrock • 

havin. con.ider.ble turbulence. The .ub.trate 
of rapids va. lenerally coarler thlla "the 
lub'trlte of low ,racHeat riffl •• , aad durin. 
lov Itrea.flow conditionl larl_ boulders 
typically . protruded throVla tbe lurflee. 
C •• cades (Fia. 3), the tbird type of riffle 
babitat, tilere the Iteepelt. Unlike rapids, 
which hid an even Itadient. C.lcad.. CODlilted 
of • 'eriel of llUll atepl of .lternatinl .... 11 
waterfalls lad shallow pooll. The UIU&l 
I~b.tr.te of ca.cad.. "'.. bedrock or aa 
accWlulatioQ of boulder.; hovever, tbil babitat 
type WI. occliioallly fou.ad 00 the down.tre •• 
face of woody debriS 4&81. 

Pool, 

Durin. low .trea.flow CODditioD.. there vere 
six pool types, whicb vere a •• oci .. ted with the 
preSence of bedrock outcroppins. larl. rockl 
or lar t " Ie ree Ite •• and rootvad. in the cbaanel. 
Seco~dary Channel pools (ria. 4) were tho.e that 
rem_\ned witbin the bankful marlins of tbe .trea. 
;!ler fr~sb!t.. Duriol tbe survey period (June-

PUlllber) lIIost of the.e pools bad disappe.red 
;nd thOle remaining had little '£1ov throulh tbem' 

econd.ary en.nnel pools were usually associated 
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' •• 10. La'"" acour poot •• ue"," wtt" '-rge debt". 

witb Ir.vel bar., but aaoy cODt.iDed sand and 
lilt lubltr.te.. Backwater pooll (FtlS, S-7) 
were found a10DI cbaDnel .. rlin. ,lad vere cauled 
by eddie. behind lar,_ obltructionl lucb aa 
rootvad. or boulders. Thi. pool type va. often 
quite lhAllow (>30 em) and tended to be doainated 
by fine-lraiDed lubltrat... Like lecondary 
channel paoli, backwater pool. po •• el.ed current 
velocitie. that vere very, lov. ~ pool. 
(nl' 8) .. ere lonl, lenerally deep dotl in • 
Itabl_ lubltrate. Ch.ln.Del crall lectionl vere 
typic.lly U-sbaped vith • :-co.ne-Irained bottOll 
flanked by bedrock wall.. CurreDt velOCities in 
trench poola "ere the Ivift •• t of any pool type 
and the direction of flow VII aolt uniform. 
Pluns. pools (Fia. 9) occurred where the stream 
palled over a co~lete or D •• rly co.plete cbannel 
obltruction and dropped vertically into the 
streambed below, SCOutiD. out a deprellion. 
Thil pool type va". often larle, quite deep (>1 
.), and pO.lellad. • coapl.. flov pattero. 
radiatiDI lro. the poiDt of vater entry. 
Sub.trate particle lize V.I .1.0 bighly variable. 
Lateral ~ pooh (FiC" 10-12) differed from 
plune. pools iD that the flov va. di rected to 
oDe lide of the .trea. by a partial channel 
obstructioD. Often an undercut bank was 

"aslociated vith this pool type. Oall!ll!led pools 



', .. 

'10\11'- 1.. QIkItI. 

(Fi.. 13) couilted of v.Cer iapound.d IIp.t~ ... 
fro. a co-,lete or Alarl, c~llt. chaDDel 
blocu... Typic.l c ...... of d_d pooh. va~. 
debri. j ••• , rock laAd.lid •• , or b •• ver d .... . 
Depead1n. upoa Che 81&0 of the blocu •• , d ..... d 
pooh cou.ld be very lar... W.tel' velocit, ia. 
thil pool type WI. charlctar11tically low aa.d 
,ub.trate' tea.ded toward ... ller Ir.vel. and 
saed. 

Glide. 

A third ,oa.r.l habitat c.c •• ory •• i,ted 
thllt .po •• e.sed attribute. of both riffl.. lAd 
pool,. lliill (Fi,. 14) vera claoucur1zod by 
IIIOderataly .hallov v.te~ (10-30 CD deep) v1t1l .Il 
eYeA flov thAt lacked pronoUAce4 turbgleDc •. 
Althou,h the, vor. lIO.t fr.quoat1, located at 
the trln.itioQ. between a pool Ind t.he head of • 
riffle, ,lide, va~. occoo1oao11, foUlld ill lOlli, 
low Ir.dient .tre.. reach.. rith .table baAkt 
aad ao "Jo~ flov ob.trllCt!o.... ne typical 
,ubatrlt. w ••• r.~el aDd cobbl ••• The t.r. I~t 
h.. bee" applied to tJU.. hebitat typ., but w 
feel thlt the d.lilDA~ioa '1114.- 1. a .are 
precis. delcriptor of ~ habitat cODditione. 
SiAilar: u •••• of the t.m Iu. pre~ioual, b.eA 
adopted b, Cuiaat at 01. (1975) .ad Chapu" ."d 
lCAudaea (1980). 

Cover 

Ei,ht dloti"c~ kiad. of cover fo~ H.he. 
vere identified. n ••• included thre. kiAdt of 
wood debri. root".d., 111'1. debri. (tr.e 
stea.), and s.al1 debri. (braachee, tvill, ate.) 
- that differed in the a80u.Qt of overhead cover 
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lad flow Md1ficatio... tIley prOVided vi t,hia ~he 
chaADel. o..rAanl1a1 tarreatria1 ve •• tatioG aad 
wuS.l'cut b.Db ver. two kiDd. of co .. ar t.b..at War 
ll~ •• l, 10".<Dad b, the cOAditio" of the rip.ria~· 
zoa... Wat.r turbu1eac. acted a. co~.r vbea the 
pra •• Dc. of b ... bble. pr ••• atecl • clear 'riw of 
til. v.tu bo .... tIl (Levb 1969). Rocu funCtioaed 
"' cover ill two VI,., by P~o"idilll oyorhaaiia. 
led... olld by p~oYidial c~e"ic.. for ~idia •. 
Finally, .. xi.ua deptb va. it.elf • fo~ of CaVIl' 
fro. Qon-divta.. terr •• triI1 pre4atora (Stevart 
1970). We ... _d that til. prt..ry fuoetioa of 
cover d~1n. tb8 I~r v.. protectioD fro. 
pred.tio". 

S..,l. loc.tioe. vere cbo.ea to anco.p •••• 
vide var-iet, of .tr... coa.ditlou 1A v.,t.am 
WI.biD.toae H1a.ataeD .ite. coui.tlD, of chaDD.l 
r .. che. 0.2 - 1.3 lID 10"1 VO~. located i .. fo"" 
.tr..... nt .. of t.ba Itre .. (M.., ....... Riv.r, 
Sllaoll Croe., n~ •• ~ C~e.ll) v ... ChelaaU. River 
trib"ta~i •• ; the fourth ot~... (Fall R1YO~) v •• 
part of til. Willopo 80, drai ... ,. .,Ite.. n • 
• ite. illeluded 700 iadiYiduol habitat. toulilll 
,pP~OI:1ut.ly 7,800 •• aiol leaatll, 33,600 .­
vetted .~fac. are.. aad .,900 .' Y01 .... 
Chaaael. .o".ed ill .i •• froe tJU.~d to fifth o~ ... 
vith 1-" ,~.di.llt. Pa~.lIt ~oc. type wo. eithe~ 
.aDdltou or b ••• lt. Stre ... id. .. ... t .. U,:l.oD 
vlriad. Iccordinl to forelt .. a.a .... a.t bi.tory; 
rec.atly cle.~cut .ito. ve~. doeillated by Ih~b. 
•• cond ctovth fore.teel .ite. vere do.1uted b .. ___ 
red al.r (M!!!! ~), aDd old .rovtll fora.tM 
lite. V.I" doaill.lted by .i.84 ~t11f.i.. All 
I..,la loc.tioAi po •••••• d nltural population. 
of .almonid,. Iltbol,lp .o.e .itel were above 
up.tre ... ilratioD bloc ... e. IU contaiA.d oDly 
relieleAt QOD-.1lratory cut~ro.t tro~~. There 
v.. ao ... id."ce tlao t ... , 0 f the 01 te. had be ... 
Ulh.d b, .... 1 .... 

Each .~re.. reach va. lu"e,.ed aD foot Ind 
t~. loc.tioll of diffe~.at hobit£t typ •• , a. veil 
I' .ipificaDt flov cODtrolU,1I1 'tru.ct~r •• tV.' 
draw to .eol. oa a "P (lil. 15). Coatou~ li"" 
bal.d aD. depth .... ."r_At. were draVil wi thiD 
pool. to euble "OlUM eltiutioa.. Wetted 
lurf.c. ar ••• v.r. 4eter..iDa4 b? couctial square. 
on Iridded pap.r tb.a~ v.. Illper!.poled OA tb. 
.. p.. Az1al lellith ".. ftll.lr.d •• t.be diltance 
.loal th. tbalwe. or Ir.ate.t lill •• r dillen.toD 
of a habitat Wlit p.uUol to the directioa of 
flov. Re.cb. .~ri.. vere coa.truct.d by 
I..-in. the lea..thl tare... ..nd volu.el of •• cb 
babitat type aAd aapre •• iD, .acb ,roup •• .. 
percenta.e of the total. The a.aunt of co~.r ia 
each habitat. wa. rated all I "elatlv. abw::ldaa.ce 
sc.1e of 0-3, vb.ere .. ICOI'. of zero iAclicated 
that the particullr kind of cover wa. e •• eetially 
ab,ent and a .core of three i.ndicated a very 
abWlClant conditioD. Sub.trlt. va. o.ot.d· al 
predo.inaDt type, 1.e .• the phYllcal and/or 
bi.olo.ical type .o.t prevalent within .. habit"-.....­
unit. 
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Fl1ure 15. AI:J example of ... trea" chaDDel up 
.boviua locatioes ot various habitat ~ypes. 

Fi.b populatioD' were •• .,le4 by 1.o1.~iDI 
individual habitat types witb blockia.1 net. aDd 
electrofilbinl tbe habitae thr •• t1ae •• reta1n1cI 
separately tbe fiab captured OD .ach p •••. 
Individual biom..... were determined fro. leulLh­
weicht rehtion.hip. (Bi.IOD. and Sedell 1982 !!!. 
pres.) and .ce cl... .bu.adaa.ce va. fLlvred trOll 
s iz. frequency distributions aad ICll. .aapl ••. 
Popul.tioD denaity aDd bio.a.. ..tta.tel vere 
b •• ed OD .. re.G •• l .~tioD •• tbad of 
calculation (Carlo ODd Strub 1971). Sculpin. 
(~ .pp.) vere .110 captured but their 
biolla •• es are Dot reported ia. Ut:l paper. 
ApproximAtely 28\ of the total number of habitatl 
ievel1toried were • ....,l.d for fi:lb pop.datioD:I, 
relultil:lil in the capture of 11,385 I.I..on and 
trout. 

In order to quantify babitat utilization by 
Jp~cie. Ind indiVidual ase cla •• e. it w •• 
Deces~ .. ry to relate the fraction of the 
pOpulation fo~d within .. particular babitat 
type to tile relative abuadaace of that habitat 
type in the streaEII. The fonaula used w •• b.sed 
QQ the electivity iadex of Ivlev (1961): 
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(1) Ut111zot1an s 
habitat .pecific denltty - averlse total deo.ity 

averaCe to~l den.ity 

wher. 
habitat .peeific denaity • Iverlae den, tty in 

the habitat type 
of interelt, 

.~er.a. total denlity • avera Ie deality 
over the entire 
Itr ••• reacb. all 
habitat. co.bined 

Value. af thlo bob1tot utilizat1Qn 
coeffic!ellt tbeoretically ranle fro •• inul one, 
lndleatia. total noa-Ule of • habitat type, to 
poli.ti •• infie!ty al • areater proportion of the 
populatioll relidel in the babi tat type of 
lAterelt. At. valu of zero indicatel that the 
populatioll occur. in the habitat type in 
proportioll to t.h.at type'. abUDdanca in the 
.tre ... 

FIEI.D TRIALS 

Habitat Cbarocteri.t1cI 

AlthouCb variatioD ill .1ze lad frequency of 
habitlt typel v.a related to Itrea. order. ba,in 
CeololY. and land .. ~ale"Qt hiltOry, average 
d1mel1sio~. of the differeat babitatl are aiven 
ill Table 1 for co.parisoa. Overall, ,lidel bad 
the ,reatelt indiVidual leolth aad lurface area 
but pool' had the Ireatest volume. Despite their 
rel.tively lira. .ize, elidel vere infrequent 
and accounted for I s.all frlctioa of total 
stre •• Ipace. Pooll were the dOCiinaat habitat 
clt-elory, accoLUltiol for Ibout 501 of Itre_ 
leDath and .1laOat 8a\ of Itrea. volume. Lateral 
Icour pool, were the IaDlt co.aaOQ type aad Ilse 
pOllelled the Ireate.t lurf.c. area. Secondary 
channel pooll. backwater paoli, aad dammed pcel. 
were ... llelt Ind le.lt frequeat. Hoae of the 
saeple lites coatained beaver d •• I, 10C jaml, or 
.. jOt llndllid.s, thu. accoUAtinl for the absence 
of lara_ dallied paolI in tbe relchel that were 
lurveyed. Low Iradieat rifflel were both the 
lira_It and elt ahLUldant rifllel type, while 
rapidl aad calcadel tended to be 1 .. 11 .ad leiS 
frequent. Rifflel Ivera.ed 401 of It ream lealtll 
but Iccounted for only 161 of Itrelca volume 

Larae woody debril, iacludie. [ootvadl, WII 

.~ , 

the lIO.t abLUldant cover io pooll. while rocks 
were t..be priaary cover in. rifflel. Dept.h wa. 
L.portant. cover ia pool. blvina lara. wlter 
voluael (lateral Icout, plWlse, and trench). 
Turbuleace created cover where fallins water·\·'''~; 
formed bubblel ia plUD,e paoli, rapidl, and 
cI.cad... Ia leneral. cover qu.ntity and 
diversity w.s areater in pooll tb.an in riffle-s 
or Ilide •• 



Habit.t Utili&OtioA 

Ourill, thIo ._r ... ..,. fft u.diviclualo of 
• IlY fi.h .peci •• occupied •• coRda..,. chaRR.l pool. 
(T.bl. 2). IlaIlY of thIo •• habiUta had b.c_ 
1I0ht.d frOll the uiR chaRRll .Ad they Oft.A 
po •••••• d biah t..,.r.~r.. &Dd d.RI. .1,.1 
.rovtb.. Altbo"ah it 10 Uul, thIot •• colld • ..,. 
chaDD.l pool' ara utiliaed at o~r tt.e. of the 
y.ar, particularl,. 1A lor.. rl .. ro (Sed.ll .t 
.1. 1980), 1.ck of .... of thIo •• habiUt. d"ri", 
lov .tr ... flow period, by •• 1aoDidl_ i. 11ailar 
to th. fiedi" •• of .t"di.. of oth.r Itr ... fi.he. 
(Tr ... r 1977; Willi .... Dd Co.d 1979). 

Backw.tor pooh ..... b ... Uy "ti11z.d by 
-,_ 0+ cobo •• laoa., altboup coho iA backwatar. 
w.r. • .. ll.r thae I •• r... (T.bl. 3). 
Praferllltial .... of tlL1. habltat typo by coho 
.... y bay. beea. ralated to • d.ep.ad.Dey CD 
terrett.ri.l food. durin. .~r that hal b •• a. 
fo""d by otb.r i" ••• tl •• torl (ChapaaA 1966b; 
M""di. 1969). No oth.r .p.ci.. di.pl.yed •• 
ItroDI ID. a"ociatioD with backwat.er poola •• 
did cobo; bowever, vun a.a.adroeo"l for.a .,.r. 
ab •• ut, . y •• rliAI aAd older cu.ttuo.c. .110 
preferred thi. habitat tJpe. III •• ur.l, Ulb 
lizl ia. backwatarl leAded to b. • .. 11ar thaD 
.v.r •••. 

Tr."cb poolo ... r. .olecU .. ly "tUized by 
cobo IDd , •• rliDI It •• llleld, aDd. by ... 1+ au 
2+ cuttbroat iA ludra.ou.a ZOD... Where cobo 

'Dd .to.lll •• d ..... .b.at. .11 CUtthro.t ••• 
cl ...... zIIibit.d •• Ud .... i40llc. of thil pool 
type. U"d • ..,. .. rlu., cuttazoat coU.ct..t -. f. 
tr.Acb p0010 Vorl ... 11... thaA ".ni.. Pl ......... 
pool. ¥or •• ll.c •• 4 by cobo, ,. •• rlil, .t •• lIIe.d. 
'Ad .11 c"tthro.t ••• e1..... ..copt .,. 0+ fi.b 
1D ar ••• "pltr ... fro. aD audro.ou IOU. 'Cobo 
ill pl"".. pooh VIr. thIo l.r, ... of tho •• Uku 
ill .Il,. pool typ •• 

Lat.ral .cou pooh ..... proferred by older 
••• cl..... of both IC. •• lhead aDd CUtthroat. 
IDdiVid ... 1o coll.cud frOll WI pool typo ... ra 
• •• re •• liae, except for ••• 0+ cutthroat wb.i.ca 
t."ded to be ,UahU,. _ller thaA ••• n.. 1R 
Iloa.-aa.adro.oua an... owt.al to the E'elat.1n 
obVDda"c. of W. habiUt type. o .. r ~, of .11 
..t.o"id. occurred iR 1.toro1 ICOU pooh. 

..... iRl"fficilllt ........ r of cI-.! p001~ ..... 
l..,l.d to yield I&ti.f.cto..,. oVid."cI of 
relat.t.. habitat. ut111aatioD or ••• r.l. ti.~ 
weiah~. Flov p.n.rD iA W. pool type _l&ld 
• .... to be f ... or.bl. to coho ud thIon 10 _1. 
evidlllc. froe otbAr .tvdi.. ( .... Urd oDd N ... er 
1975b; NicuhoA .Dd Haf.l. 1979; E .... 1t ... d 
" •• baR 1911) thIot cobo "tUiu UlpcruDded v.tor 
1" .tr._. ProVided thIon iI lutfic1at dopth 
."d covor. cI-.! p0010 .hou14 .ho p.oVi40 
f .. "nbl. habitat foe "" 1+ "Hlhe.4 u4 ... 
1+ aDd 014.e .utthroat. 

Low 
occuoi.d 

,.adi.At riff1 •• 
by VRd.cyo.r11"1 

ver. •• I.cU .•• l, 
Ic. •• lhe.d .,. . 

Tobl. 1. A •• r ... b.bit.t .i ••• "d p.rclllt of tot.l Itr ... 
(ie par.athe.l.). 

. ......, 

Avera .. Habitat 
Si.. £ ~ of Total Habit.t LoAlth Ar •• Vol .... !n. Il ~·l ~··l ~··l 

~ 
Slcoodary ChoRAll 26 9 «I) 34 (<1) 1 «1) 
Blckw.toe 74 1 (10) 29 (7) 1 (7) 
Tr.Acb 34 15 CI) 70 (I) 26 (10) 
'1_ 31 14 (5) 77 (5) 45 (10) 
Latoral Seoul' 146 16 (28) 102 (35) 43 (50) 
D_d 5 7 «I) 30 (<1) 11 (1) 

Riffl •• 

tov Gradi ... t Riffl.1 197 11 (26) 51 (25) 7 (12) 
Rapid. 114 7 (13) 25 (9) 3 (3) 
C •• cad •• 21 I «1) 30 (<1) 6 «1) 

~ 43 15 (9) 92 (11) 15 (6) 

67 



1 
rlble 2. aabitAt Ipec1fic util1zItioD coefficieDt •• 

.\~ Aludroeoul Zou. Ab0ge Aud~u. Zone 
Cobo St.elbeld Cutthroat. Cutt.kr~.t 

Hobi tAt !IE- 0;- 0+ 1+ 0+ 1+ 2+ 0+ 1+· 2+ 

1 l2!!! 
1 Secondary ChaQDel -1.00 -0.99 -1.00 -1.00 -1.00 -\.OO -1.00 -1.00 -\.00 • } 

lackvater 6.74 -0.46 0.21 -1.00 -0.52 -0.75 -0.36 0.42 0.80 
""1 TreD.cb 1.07 0.14 1.16 -1.00 0.54 0.99 -0.21 -0.16 -0.23 
\ PIUDI. 0.93 0.10 2.23 1.41 0.79 0.91 -0.54 \.09 1.61 

Lateral Scour -0.46 0.07 0.19 -0.01 1.14 1.83 0.11 1.04 0." 
D_d ID.ufficlent 5..,le. 

Riffl .. 

Low Gradient. -0.75 0.50 -0.70 0.26 -0.23 -0.71 0.45 -0.73 -0.71 

IIiIpid. -0.99 0.50 0.91 -0.45 -0.67 -0.20 -0.10 -0.13 -0.90 

C •• cad •• -0.97 0.79 0.51 -1.00 0.70 -1.00 -0.24 -0.80 -0.19 

lli.ill. -0.91 0.34 0.16 1.42 -0.77 . -0.92 0.00 -0.79 -0.33 

t , Table 3. Size differoDce. I80DI •• laoDid. captur.d 14 iDdividual babitAt t".., 
expee •• ed al perc.ac. deviatioD. fro. overall averl,_ wwiabc.. DltA for 
C ! $ are ~itc..d. 

; 

A.aadro.oul ZODe Above AAaclroeoua ZOlle 
Cobo 5,edbeld Cut.throat Cutt.b.roa, 

Habit"t" TIE_ 0;- 0+ 1+ 0+ 1+ 2+ 0+ 1+ 2+ 

l2!!! 
Backwat.er -12 -11 -2 +4 -9 "27 -2 -21 

Trench -2 0 +5 -1 +3 -21 -5 

PIUDI. +14 -I -2 -4 +2 +1 -2 +3 

Laterol Scour +1 -2 -5 +4 +4 -9 0 +1 

Riffle. 

1.<> .. GradiaDt +1 +5 -16 -13 -7 +11 +26 

Rapida +21 +12 +15 +10 -20 +7 

C •• cadel +29 -4 +11 -I -6 

~ +5 -15 -\9 -26 +6 -9 
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c .. ttbroot, .Dd .... ut prof ... llthlly .... 01 by 
other .I'. c1 ••• I.. Cutthroat iu aoad~Q. aon •• 
wore ... 11.~tbaa .• ft.... wU. tbo.. 1. 11011-. 
ludroeou ar ••• "N 1ar .. r t.b.aa • ."ra,l, tAu. 
....... t1l1. tbat c ..... UUoa witb .t •• lba.d bad 
red"c.d c .. ttb.o.t lroort.II r.ta. iA 1 ..... rodh.t 
riffle.. !v1d."cI for c ..... UU". dM1Aa.ce of 
""dery.arl1.. cuttbroat by lIDd.ry.erli .. 
• teelbe.d wa. olio proYLded by tba red .. ced 
.. tilizatioll of 1.... ..adie.t r1ffl.. by cuttbroat 
wher. It •• llHlld Vel" pre •• ut co.,.red to aU .•• 
wbor. ateelb.ad we.e ab ••• t. Platt. (1977) fo""d 
tbat c .. ttbroat wer. diaplaced to ,.coDdary 
babita.. iA tba pre.ellce of j_U. cb1Aeoll 
• a18011 aDd .t •• lb •• d, b .. t Ba~ ... Dd Gill (1961) 
• pecul.ted that differnc.. ill uae d1Itribut,1oa. 
of Wldery •• rlla.1 cutt1lroac. .I" ltaelUad vel' • 
•• lated to _icrobabitat "ariatio. iA .pawat .. 
praferenc •• of adult •• 

Otl11zatioD of rapid. .lad c •• c.de. v •• 
U.ited •• tly to .t •• lbaad. Botb babitata wore 
• troll.ly a~old.d by ~.t cobo, y.t tbo fow 
llldividuala tbat· occu .. ed 111 rapid. ..r. _cb 
larler tta..u .v.r.... UD.d.ry •• :rl10' aDd ,a.r110' 
.uelb •• d favo.ed botb babltatl aDd •• _01 to 
• row w.l1 tb.r.. Cbapu.. 0 .. 01 BjorDA (1969) baYO 
al.o ob •• rYed that .t •• lh •• d occup, svlfter vater 

a. tboy b.ca. lor... a .. d the •• a .. tbora felt 
that prefer.llce for f •• t.er vlter v •• ",ociat, 
vita 1ncr •••• d .~90lur. to foocl orl.Ai .... -.,.I 
How...Z', 'vbil •• t.elh •• d pr.ferred f •• t v.ter 

. r1ff1 •• , CIIttbro.t, for tba ... t p.rt, did 1I0t • 

.~.-.- .,. - -

Glid.. wore' •• 1.cti •• 1y Utilized oAly by 
.taelbaad ... 01 by ""d.ry.arlilll CIIttbroat . 
IIl.uff:Lcl.at Iluaber. of a.. 0+ cutthro.t. V.I'. 
collected fro. .ite. po ••••• iA. co~o .ad 
It •• lhe.d to pemit clat.taJ.utloa of 11&a 
.... d .• t.1oll; howe'Y.Z', •••• 0+ aDd 1+ Ite.lheacl 
OCCU.rill, iA .1101.. WI.. tba _llut of tbo •• 
fo_ iA allY babitat typ •• 

Coftr Aa.oCiaUou 

III bocb pool a'" riffle babitatl tbo 
deuiti.. of ••• 1+ aDd older trout. tended to 
illcr.... ia a •• ociatiOIl vltb :Lucr •••• d co .... r 
(Tabl. 4) but "" 0+ •• 18011 aDd trout we .. 
ro1aUftly IIRIff.cted by co... coDditio ... , 
a1tboulb '0.0 po.itiYO a •• ociatio... did •• 1.t 
b.twooa _.ry.a.1La, dOROiti •• aDd certaLa Co ••• 
typo.. Ow: fiAdill, tbat old.. trout ..... .. •• 
N.poui". to 1Acn ••• d co.... a.:r... ¥1t1'1. tlw 

Tabl. 4. A.era •• corr.lat1oRl (r") b.t .... 01' cla •• doaiity aDd CO.,. 
typ.a witbiA bab1tat •• _ 

Cobo St .. lb .. 4 Cut.throat Coyer !me 0:;- 0+ 1+ 0+ 1+ 2+ 

---------------------Pool.------------------___ 
Root:wacl +0.19 -0.05 +0.34 +0.05 +0.04 +0.13 
t.r •• Wo04 Deb.1. -o.n -0.11 +0.23 +0.05 +0.40 +0.25 
Saoll Wo04 Debr1. -0.16 -0.07 +0.11 +0.20 +0.15 +0.17 
Terr •• trial V ••• e.tloD 0.00 +0.12 +0.09 -0.24 +0.04 +0.12 
UII40rcut a ... 11 0.00 +0.11 +0.26 -0.13 +0.22 +0.37 
Tu.rbullnce -0.01 -0.26 -0.04 -0.34 +0.05 +0.21 
UDd ..... t.r Bow.4 ... -0.71 -0.25 -0.54 -0.49 -0.23 -0.09 
lint.. Doptb -0.14 -0.29 -0.02 -0.42 +0.03 +0.44 

-------------------Riff1 •• ------------_________ 
Rootw.4 -0.03 -0.21 -0.29 +0.02 -0.16 +0.24 
Lar.. WOod Debr1. -0.03 +0.31 +0.42 -0.30 +0.46 +0.43 
5 .. 11 Wo04 Debri. 0.00 +0.03 +0.11 +0.40 +0.07 +0.27 
Terr •• t.rial Ve,ltatioD +o.ao +0:11 -0.13 -0.04 +0.07 +0.11 
Ulld.rcut 110l1li +0.37 -0.50 -0.42 0.00 +0.35 +0.43 
Tunaleae. -0.42 -0.27 +0.19 -0.31 +0.40 +0.20 
Underwater Io~ld.r. -0.46 -0.01 -0.19 -0.25 +0.43 -0.07 
HaxLaa Deptb -0.51 -0.20 +0.46 -0.45 +0.43 +0.57 -
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Itr'ea. eDhaDclmCnt. r •• ulta of Sauder. aoc! SIIit.b. 
(1962) oDd Hwot (1978), vbo Doted thot cov.r 
addition. ~roy.d tho productivity of older 
trout .. re tlLaD ~t did uod.rye.rlinl •• 

Wood debr!. proftd to b. • preferred covel' 
type for a._ 1+ ac.Hih.ad led ••• 1+ aad 2 ... 
cutthroat. The ItroD •• IC. a •• ociatiou vera 
ob.erved with lorl' d.bri. pi.c •• , •• p.ciolly in 
ritfl. habitat.. Pr.f •• enc. of y ••• lin, 
Ic •• lh.ad for lar.e debri. hal b.eD docu.eatld 
by Bu.tard ODd Norver (l97S.) .nd both O.bora 
(1981) .nd JUDe (1981) b.... .hoWD th.t old .. 
cutthroat rely b.lv:lly OD lar •• wood debtia for 
cover. UDd.rye-arlicl Ita.lh.ad did Qot r •• polld 
po.itiv.ly to in •••••• d wood deb.i. in ~ool. but 
utilized lar •• debria in rifn... Und.ry •• rlin, 
cuttbroat .bowed a Illaht pOlittv. reapoD •• to 
inere •• ed debeta ill pool. IDd • definite 
prefereDce for ... 11 debri. ill riffl... The 
utilization of ... 11 debri. by undlryearlilll 
cutthroat .. y be .~il.r to the covlr prefer.Dc •• 
of ••• 0+ broWll trout (!. ~). wbicb b.ve 
been IboWD to ·d.cline followinl 1 .. 11 d.bria 
remov.l (MorteD.en 1977). A,. 0+ coho eahibited 
a mild po.itiv. re.pon.. to increa.ed rootwa4 
abundance in pool., but were ua.ffected by otber 
kind I of debril. AI.ociation of coho vith wood 
debril ba. been previoully d..an.trated by Lister 
ODd Genoe (1970) .nd Buotord ODd N.rve. (1975., 
1975b) . 

Overb.alinl terre. trial veletation and 
undercut bal1k, alcnl riffl.. vere atrOnlly 
preferred by· coho, altboucb rifflea were 
inh.bit.d by rel.tively fev individual. of thi. 
.peciel (Table 2). Overhead bank. and veaetatioD 
may have been .elected ·beca~.e they provided 
more terrestrial food, relultin, in bi •• er fi.b 
(T.bl. 3). It ...... unlikely th.t coho u •• d 
the.e kindl of cover for Ibade becauae DO 
obvious preferencea for baDk cover were ob.erved 
iD pOOll, .nd RUllle. (1966) h.. IhOWD th.t 
addition of Ibad. Itructurea to experta.atal 
ch.nDel ... tuelly r.duc.d coho holdin, c.pacity. 
Weak pOlitive relpoDI.. to incr ••• ed b.Dk 
undercuts and overbanliDI v •• etation alonl 
riffles w.re dilplayed by a.. 1+ and 2+ 
cuttbroat, wbicb, like cobo, w.re rare there. 
Hovever, .teelbead iD rifflel did not lelect 
overblDlinl velet.tion and actually appe.red to 
avoid rifflel vith wadercut baD.U. AI •• 0+ and 
1+ steelbead .ad •••• 1+ al1d 2+ cutthroat tbowed 
eUd preferences for b.1lk co ... r in pooll. 

Turbulence aad uadetv.ter boulder. were Dot 
selected by IIOlt .peciel, except y._rlial 
cutthroat in riffl... The .b.eace of lianific.Dt 
response by steelhead to incre •• ed boulder cover 
"'01' surprisinl in view of tbe Itroo. att.cbaeOc. 
to this Cover type .boWD for Iteelh.ad by H.r~o 
(!96~) .ad r.cchin .nd Slaney (1977), and 
increases in .lIe 1+ .teelhead carryia. ca,acity 
followial experimental boulder pl.cement io _ 
Vancouver Islolad .trea. (Ward and Slaaey 1979).· 
we bave DO explanation for this disparity in 
obset'Vations except to speculate tbat increased 
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turbulence and bould.r d.noity .. y hay. hind.r.d 
f .. dinl acUVity by .. kina .,bud .iabUnl of 
food o.,ui ... IIOr. difficult. With1Jl ILabito .. , 
d.ep.r vat.t v.. pr.f.r.nti.ll~ utiliz.d oDly by a.. 1+ and older trout. IIDderyeorlinc. of .11 
Ipeciel a.oided d •• p .atar, pref.rriD. iAitead 
to celida in .ballovar .re.. aloDI habitac. 
.. r.ial. Po.1t1ve ••• ociatioGa betweeD LAcr •••• d 
d.pth .nd H.h .ta. hev. b .... ob .. rv.d in both 
•• inbow t.out (Levi. 1969) .nd cutthro.t 
(G.iffith 1972). 

APPLICATION or l1I! STSm 

. Th •• yat. of .... iq ILabi .. t type. tlLat :~. 
d •• crib.d in thio p.per p.09ed to b. _.bbl. 
dudn, low .truaflow conditiou. Th. habito~ 
type. bee... e •• y t.o .recopize after 10.. 

practice, .Dd di •• ,reetleJltl betveea ind.pead.nt 
claa.Hitro ..... uaually fev. App.ox1llotely 100 
• of .t .... clLana.l could be .. pp.d by on. peroon 
in • doy d.pendin, upon chana.l co.plexity. 
Ho ... ver, rop1d inventory of tho ILabitot type. 
pre.eDt iA • .tr ... , without. diaenlioa..a1 
.... ur .... t.., cou14 proceed. -.ch fa.ter. 

lie ... re I.nerally 1... ..U.n.d vith tho 
cover e-Yllutlonl. '!be aajority of di •• lree.eatl 
.ro.. over what .... rical acore 'I.. to be 
• .. ipod to tho cover cODdi tiou vi thin • 
particular habitat. In addition, tho technique 
thot woe ..,loy.d tr •• ted .11. kind. of .over 
equally, .ad it v •• obvtoul that. I leOl'e of 3 
(very" abund.nt) for ODe" cover type va. Qot 
Dec •••• rily equivaleDt, ia ter.a of overhead 
lbadin. or protection fro. pr.datioD, to a hiah 
Icore for anotbeZ' cover typ.~· For ex.cpl., tbe 
kind of cover provid.d by wood deb.i., b.nk 
cb.racterilticI, or chaull DOrpbololY "'a. 
differeaC. fro. OQe another 1D nature and did Got 
fit vell into .n .qually veiahted acal. that v •• 
boo.d on relative .bUDd.nu. W •• ch. (1980) 11.0. 
d1ocuoe.d the .ubjectivity involved in _uuriDC 
cov.r aDd h.1 propolad • cov.r ratiO, th.t 
tntrear.t.. baDk. chaDDel, and .ub.tr.te 
cbaractlriatiel for both ..all .nd larle Itre&ma. 
Oth.r workera bave deviled co.preben.ive 
nU80ric.l indic.. of habitat conditiono that 
b.ave beea laid to predict .tre.. carryiDI 
c.pacity, (Bove •• nd Coc ...... uer 1977; BiDD •• nd 
£10 .... DD 1979) but the •• _d.lo do not e .. ily 
.ep.rate fiab. prefer_D.ce for habitat type frotl 
prefer.ace for cover type. 

W. found thot vi thin individual habit.t. 
certain kiad. of cover vere preferred to otberl, 
hovever, a .are ,1'1,01'0\1.' .pproach would be to 
follov population chan,.. afte. experi .. Dtally 
.dd1n, diff.r.nt kind. of cover to .tr..... ro. 
• __ 1., Bou.au (1954) added ... 11 d.bria 
(interwoven willow br.achel) to a Hoataa •• trea. 
aad recorded larll iacr •••• d io UAderye.rliAI 
.Dd y.arlial r.iD.bow trout aad brook . char 
bio"I.... Kore receat.ly, Ward aad SllDey (1979) 
fouad th.t lo,s lad boulders placed to,ether iD. 
riffle areas of I V.acouvel' Ial,nd Itrealll 
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lian1fic.Dtly .DhaDc.d •••• 1+ .Dd 2+ .t •• lh •• d. 
b .. t wn DOt b •• Yily .. t11ized b,. .... d.cy.arUD. 
cobo. 'l'be"' r •• ulta of our ....... 1' fi.ld Itudi •• 
iDdic.ta that wood debri •••• p.ci.ll,. l.r,. It ... 
.ad rootvad., v.. the .ut lallerally f •• orad 
cOYer type ADd .. ,. hold the ,n.ta.t prOlli .. for 
enhanc"'At.project •• 

Althouab tU tam. 'I.lacted l ICel 

I preferred' have beea. .pplied. La. UUI p.per to 
babitat .Dd cov.r .. tili •• tioD by •• l8oD .Dd 
trout. it ia likely that the .patla1 ••• re.atloD 
v. ob.erved v.. 111 outC~ of both pbyaica1 
habitat require"Dtl aad biololical iater.ctlaDa. 
What .pp.ar.d to b •• pr.f.rred babit.t iD ODe 
.tr ... va. Aot alva,.. 10 1a. aDother; cuttarolt 
trout, for ex.~l.. occurred ill differecc, 
habitata vbe ... cabo aDd It •• lh.ad vera pr ••• at 
thaD vb.a they Wire tb. 101. .al8oa,ld .pee1 ••• 
ChapeaD (1966.) baa poi .. t.d o .. t th. w,ort ... c. 
at ieterlpeeitte ca.petitioll 10 IOVerDic. habitat 
selection by •• l8ocidl, but b.hayloral 
ob •• rv_tioDI h.... _baWD that co.petlti .. 
di.pi.CMllt caa. occur both witbin a lil1,1. a,_ 
elall (Kalan 1969) and betveea cohortl of a 
speci.. (J ..... i... 1969). The i .. t .... ity of 
territorial defeD.e ia. cert.io tropical reaf 
fi.be. 1& related to pbYlical habitat conditioua, 
~ilA qualit,. babit~t. b.i ... ~lIr ••• ivel,. d.f.Dded 
(Itzkowitz 1979). Howev.r. Sl .... y aDd Northcot. 
(1974) h.... abOVD that WbOD food i. .b .... dut 
territori.1 aI'_ ... 11 and a.r.llioD 1. _!oL.iaed 
in uaderyearlin. raiabow trout. 1IUla. tb. actu.l 
10catioD of fhb.. i.. • Itre.. cha ..... l .. ill be 
influenced by the pre •• ace of co.petitor aDd 
predator .peci •• t population dea..ity, aad food 
availability, a. w.ll a. preferencel for specific 
habi tat type •. 

The ca.plex iateractioQ of a filb popUlation 
vi tb ita p~ys1c.l ODd biolo.ic.l .D"iro ...... t­
u.ually saUl it difficult, if Qot tapollible, 
to accurltely predict either the ItandiA, crop 
or produ.ction of a specie. of tD.ter.lt in • 
parti~ullr .trea.. Wh.t caa b. deter.in.d. 
hovever, i. the suitability of .tr ... conditio .. 
irrelpective of a .peci •• ' pr •• ea.ce or ab •• a.c., 
wbleh .. y be due to • variety of factorl other 
tha.. pbYlic.l habitat. TIle d.tail.d 
cla •• ificatioD. .y.te. pr ••• a.ted here CaG be u.ed 
to •••••• strea. luitability ollce .pecific 
babitat lod cover a •• ociatiou .re 1m0Vll. We 
si,bt proed1et., tor • ...,1., that. UD.dery •• ~lia.. 
cabo will be favored i.D .tr .... po ••••• :l.q .. AY 
b~ctv.ter pool. Witb rootv.d coval' aDd 
terreltr1al veletatioa. a •• run.iDI the riffl •• , 
vbere.. yearl:l.DI .Dd older cut~roat will be 
favored where th.re ar. d •• p plu.c .. aod lateral 
scol.lr pool. vit.b lar .. 10" aad UDder-cut baDb. 
Altbou,b the Iy.t.. worked for the wa.tem 
W.lbinatoD .t.rea •• w •• tudied, it 11 by ao ... aa 
cOClprebenlive. Other habitat typ .... , ezilt. ill 
l.r,.r river., or ill ... 11 .tr.... duria. 
freshat., ~Qd th... '1111 require addittollal 
descriptiao. 
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We thaaJr: our "1lY friend. aDd collearu •• 
..bo ••• i.tad ... i.. dov.lopi .. , tho cl ••• ific.t 
.,.... • .. d 111 tb. field tri~lI. illcl .. diD. R ..... 
Bilby. 5.1. DuD ..... V.W. tra. J.T. HoffD.r. J.A. 
Rocb.ll •• 1.0. S .. lli ...... Dd J.W. W.rd. H.lpful 
coeseata OD aD .ar1iar ver.1oo of the paper vera 
pro"id.d by R.J. B........ ODd II. I.. I •• cht.. Th. 
proJ.ct ori.iDally .vol .. d frooo di.cua.io ..... itb 
J.I. S.d.ll. ..bo.. tho"abtf .. l .49ic. ve 
, •• tef .. lly ackDo .. led, •• 

All.... I. R. 1969. Llmtatio... 0" prod .. ctioll 
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3-20 i .. T. G. Northcote. editor. S~o.iua 
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/lac/l1l1... tect .. r.. iD Fi.hed... I ... tit .. t. 
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Ii...... II. A., .Dd r. If. !i .. ruD. 1979. 
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KEY TO CHANNEL UNITS (Irom Sullivu) 
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SYHOPTICAL DY TO ClWfNEL UNITS 

Thi. key i. de.i,ned to a •• i.t in tbe identification of channel units 
in third and fourth order .tre ... a. they appear durin, ba.eflow 
condition.. Althou,b mo.t of tbe unit. bave si.ilar characteristics 
a. tho.e de.cribed at tbe .ore extre.e h~,h or· low flow., the depth 
and water .urface characteri.tic., in particular, .. y vary. The 
relation.hip between unit. i. illu.trated in ri,ure 5.12, p, 97. 

1. 

la Water flowin, or .tandin, in ... ller channel. 
(braid.) that are connected to tbe .. in channel 
withiD tbe active floodplain. The.e aaaller 
reache ... , have both pool. aDd riffle. (de.cribed 
below) altbou,h they are u.ually of ... ller 
proportioD tbaa .. in chanDel unit.. The chanDel. 
that are iDundated durin, bi,her flow. are of teD 
di.coDDected fro. tbe flow at lover flow. leavin, 
pool. of .tandiD, water aloD, the chaDDel .. raiD'. 

S!COMDAlY CHANNEL 

(SID! CHANNEL) 

Ib Water flowin, iD a well-defiDed permaneDt chaDnel 

2a Watar i •• ballover and fa.ter than the reach 
averaae; .teep water .urface .lope 

ltlFrL! UNITS 
<macro-uDit.), lead 3a 

2b Water i. deeper 'Dd .lover th'n the reach 
aver"e; ,entle water lurfaee slope 

POOL UNITS 
< .. ero-unit.), lead 8, 

1b -- -
----~ a ~~ --
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lUlL! I1KITS 
(Macro-unita) 

Riffle unit. are relatively .hallow and fa.t with .teep channel 
Iradientl; flow il Iwift and the water lurface i. roulh or wavy; 
lub.trate il lenerally Iravel to cobble in lize; water .urface may be 
broken by rock. protrudinl throulh the Bur face 

3b 

3a Channel and water .urface alope. Ireater than or 
approxi~ately equal to 0.04; flow uneven or 
turbulent with whitewater cau.ed by local atanding 
wave I 

CASCADE UNITS 
< ... o-unit.>, lead 4a 

3b Channel Iradient le •• than 4% but Ireater than 1%; 
flow i. even but turbulent with little white water 

- ...... ..-

RIFFLE UNITS 
< ... o-uait.>, lead 7a 

3. 

3a 

! ..... ,., Gr ..... 
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CASCADE UNITS 

A .. Io-unit cl ••• of ch.nnel unit. with ch.nnel .lope. areater th.n 
or .pprozi .. taly equ.l to 4%. C •• c.de unit. tend to be .s.ociated 
with ob.truction. th.t con.trict .tre .. flow, .lthough in .maller, 
.teeper stre ... th.y c.n occur in uncon.trict.d ch.nnel •• 

4. 'ew rocks protrude through the flow .lthouah 
flow i •• wift .nd very turbulent; often found 
upltre •• of channel con.trictions where gravel 
bar •• lope diagon.lly .crol. the ch.nnel 
funneling .treamflow into n.rrow trouch • 
• lonl on. b.nk; w.ter .urf.ce .tre .... nd i. 
opaque but whitewater i. not co..on; may have 
.tandina wave. pre.ent at the down.tre .. end of the 
unit .t the junction of the unit and the 
he.d of the pool where flow p..... chann.l 
ob.tructioDi. 

4b Rock. protrude throuah the flow on 10% of more 
or the .urfac. area of the unit giving th •• e . 
unit. hilh relative rouahne ••• nd c.using 
con.iderable pool ina of w.ter b.hind the rockl; 
whitevater Icattered throuahout the unit at 
_It flowl 

RAPIDS 

Sa lal.tively lona channel unit. (length 
areater th.n 1 channel· width); tend to 
occur where valley .lopes .re gre.ter than 
3.5% but ulually not .teeper th.n 6%; 
geaerally ia ... ller Itre ... (third order 
or ... ller) but .re .110 found in l.rger 
strea .. at valley conltrictionl 
(bedrock outcrop., e.rthflow., debril jam. 
etc.); characterized by a leries of 
boulder bar., compoled of Itringe of 
boulders wedged together .cross .11 or 
part of the ch.anel, or log., that form 
small f.ll. and create a eeriee of step. 
sp.ced at 1 ch.nnel width or leI •• nd 
eepar.ted by ehort, .hallow pool. 

STEP-POOL CASCADES 

'-.-
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5b Shorter unit., 1ell than or equal to 1 
channel width, that fora upltre .. of local 
conltrictioa •• uch al lOll, debril j"., 
bedrock outcrop., etc.; of tea the 
downltre .. end of the unit cutl acral. the 
channel at a 450 anile; occur on the 
Iteep, downltream face of Irave1 bers 
pOlitioned at the channel obstructions; 
flow converles throulh the uait and 
channel width decrea.el approximately 25% 
from the upatream to downstream end of the 
unit 

SLIP-FACE CASCADES 

' .... ".c ....... ~~ 

---

6a S .. ll paola on the downltream lide 
of the protruding rockl surrounded 
by swiftly f10winl water 

Calcade pools 

(alia referred to al pocket water) 

6b Swiftly flovinl water between the 
protruding rocka 

Calcade-mainltream 

6a 

'-cue .... Pool 

. ' 
' .. ' 



RlrrLIS (KESo-OMITS) 

Channel Iradient between I and 4%; aenerally coapoled of gravel to 
cobble lubltrate vith little of the lurface area of the unit .. de up 
of larae rockl protruding throulh the flov (although thele unitl 
often appear rouah at very lov flowl); uniform flow (bankl parallel 
throuah the lenath of the unit); Itandinl wavel aenerally abient; 
.cderate to avift velocity; modarate to Ihallow depth 

7a Slover, lmoothly flovina water vith moderate 
depth; uaually on the lower end of the ranle 
of channel Iradient (between 1 and 2%); theae 
unitl can occur anywhere in the Itre .. vbere 
rifflel .. y occur, but they molt often occur at 
the tranlition between particulerly elonlated 
pooll and the downltre .. riffle in the &001 
referred to al the tailout of the pool, but 
they are ulually only identified et 
particularly eloaaated pool. aad therefore 
the.e unit. are not a ca..oa feature in ... 11 
.tre .... 

A uait with .i.ilar eharaeteri.tie. i. c~n 
in laraer .tre ... (fourth order or laraer). 

7h Swiftly flovina vith depth .hallow enouah 
that .ubmeraed particle. of the bed dilturb the 
water .urface (often producina a diamond-.haped 
pattern of .urface wave.) but lenerally do not 
protrude throuah the flow (0 to 10% of the 
.urface area); channel Iradient greater than 
2% but Ie •• than 4%. 

GLID! -
Run 

LOW-GRADIENT RIFFLES 

Low-Iradient riffle. re.emble celcadel at the 
very low flow. of the year .ince aany boulder. 
norsally .u~rled becoae expoled. The 10% 
.urface area cutoff point appear. to be a 
rea.onahly aood .eparatina criteria, even 
at low flow', but ~nit .lope can alway. be u.ed 
to di.tinlui.h the two unit •• 
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POOL UNITS 
(Macro-unit.) 

Plow in pools i. rel.tively deep and .low with gentle energy 
,r.dient.; w.ter .urf.ce i. tr.nquil or .lightly di.turbed although 
not to the .xtent th.t the .urf.ce become. op.que (.ome turbulence u, occur .t the head of th. I!CItIl •• flow p'"ea throu,h the 
con.triction with which th.pool 1 .• a .. ochted); .ubltrate 1liiy Vary 
in .iz. fro. fine. to boulder. 

8. 

S. Plow d.celer.te. within the unit .nd the flow p.th 
i. often l.ter.l or vortic.l r.l.tive to the 
.. in Itre .. 

BACXWATEB. POOLS, LEAD 9A 

Sb Plow acc.l.r.t •• within the pool, 'pe.din, up .t 
the dOWD.tr .... nd wh.r. the d.pth d.cr ••••• , and 
flow path follow. the .. in .tr ... 

DB.AWIlOWI POOLS, LEAD lOA 

8b 



UCIWATU POOLS ( ... o-uait) 

Backvater pool •. ara alva,. a •• ociated vith ob.truction •• Flov line. 
diverle frca the down.tre .. path and flow decelerate. vithin the 
unit, .avinl perpendicular or lateral to the .. in flov; flow i. 
characterized by decrellina velocit, and decrea.inl vater .urface 
.lope vithin the unit; uait. are often vithout distinct three-
di .. n.ional .hape. and unit. a~e. determined relative to the 
ob.truction. (not to the .tra .. bed); vater .urface .lope Ie •• than 
0.5% 

9a Unit lie. up.tre .. of ob.truction .uch a. 101, 
debri. j .. , etc.; uait i. of tea fouad proKi .. l to 
.lip-face ca.cade. where ob.tructioa. partially 
.pan the chaaael (at hi,b flov vater of tea back. 
up throulh che uaic aad drowna out tbe ca.cade.); 
caa be larle (full chaaael vidth, .everal chaaael 
vidth. in lealtb) or ... 11 ( oa the order of 
oae .quare .. ter) dapendial 00 the delree to ¥bich 
the ob.tructioD block. the chaaael 

DAMMED POOL 

9b Uait lie. down.tre .. of aa ob.tructioa; eddie. 
for.ed b, the ob.tructioa are ralacivel, larle aad 
lenerall, border the thalVlI oa oae .ide aad the 
down.tre .. ad,e of the chaaael oa the other 

EDDY POOL 

Thi. pool t,pe haa beea de.cribed a. backvater 
pool. b, Bi •• oa et al. (1982), but herein the 
tera backwater pool viII be applied oal, to the 
leaeral cae alar, of pool. ia which flov decelerate •• 

9b 

Dammed Pool 
Eddy POOl 

-
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r DlAlIDOli1 POOLS 

Pooll allociated with tha thalwel of the channel. Flow il ulually 
rapid whlre flow Interl the upltre .. Ind of the pool, decel.rlte. 
wh.re it .. et. the .lower body of wat.r ia the pool, but Iccelerlte. 
III in It the Ihiliovini down.tream end of the pool; .ubmeraed jet. of 
flov fora at the head of the pool which radiate. outward cau.ing 
divlrliog flow and chanoel vidth from the up.tre .. to down.tream.end 
of thl pool; vater .urface dope Irelter thin 0.5 % lm~. haa than 
1.0% 

lOa Pool found downltrea. of an obltructioa that Ipan. 
at lea.t three fourthl of entire active channel but 
which lie. withio the top on. half of the chaonel 
d.pth at baokfull dilcharle (iadicated by the 
per.aoeot veletatioo lioe) but oot above thl blnk; 
uoit ,bapa i. .borter lod deepar tbao othlr 
drawdown pooll; of teo fouod down.tre .. of a free 
oVlrfall (vatlr fall) whirl flow leav •• tbe .tr ... 
bad aod plunle. ioto tbe downltre .. pool 

PLUKG! POOL 

(S .. ll.r plUDl1 pool. CIO occur 11001 tbe .idl' of 
of the cblonll whlre ob,tructioo, block ,ecoodlry 
chlaneh.) 

10b 

,..,--

lOb Pool found dova'trea. of a partiallY-lpaoninl 
cbanoel ob.tructioo tblt con,trictl thl chione I 
more than 25% but lei. than 100% of the baokfull 
widtb .. rked by the veletatioo line (the mazimua 
coo.triction that fo~ th.le unit ... y be cloler 
to 3/4 bankfull chlonel vidth); cooltrictioo. 
CIU" lateral Icour a. flow i. directed .id.vaYI 
lalinlt the bank. or vertical scour of the bed 

SCOUR POOL 
, , 
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SYNTHESIS OF HANKIN ANn REEVES (1988) 
SAMPLING AND FIELD PROCEDURES FOR 
VISUAL ESTIMAT!ON OF HABITAT AREAS 

APPENDIX F. 

APPEND IX A-2 

The utility of Hankin and Reeves (1988) technique fa ... visual 
estimation of channel unlt (habitat) a ... ea de ... ives f ... om 1) its 
p ... actical natu ... e - ... elief f ... om slow, costly measu ... ements of eve ... y 
unit wlthin a su ... vey ... each, and 2) a sound ... ooting in sampling 
theo ... y and statistical infe ... enc~ - ... elief f ... om the many p ... oblems 
of uSlng a " ... ep ... esentative ... each". The following na ...... ative and 
examples a ... e p ... ovided as a supplement to Hankin and Reeves (1988) 
pape ... to p ... ovide a p ... actical ove ... view of this technique and to 
d ... aw attention to ce ... taln impo ... tant details. The ... eade ... is 
st ... ongly encou ... aged to ... ead both pape ... s to develop a complete un-
de ... standing befo ... e applying this technique in the field. 

With this visual estimation technique, only a f ... action of all the 
habitat units within a valley segment ... equi ... e c ... itical measu"'e-
ment with some device such as a tape, hip chain, 0 ... su ... vey ... od. 
The dimensions of all othe ... channel units encounte ... ed a ... e 
estimated by eye. These visual estimates a ... e then co ...... ected fa ... 
obse ... ve ... bias by using the ... elationship between actual (t ... ue) and 
estimated dimensions (a pai ... ed measu ... ement). 

T ... ansfo ... ming raw su ... vey data into a usable fo ... mat involves many 
computational steps and attention to the assumptions and ... equl ... e­
ments of st ... atified sampling, double sampling, and ... atio estima­
tion. A database p ... og ... am now being developed by the No ... thwest 
Indian Fishe ... ies Commission (NWIFC) eliminates the need fo ... a 
... igo ... ous t ... eatment of·the th~o ... y and computational detai·ls. This 
p ... og ... am will p ... ovide a sc ... een fo ... m fa ... data ent ... y that mi ...... o ... s 
the data sheet and will compute ce ... tain desc ... iptive statistics. 
Howeve ... , .some basics must be unde ... stood so that impo ... tant assump­
tions a ... e not violated, the ... eby ... ende ... ing SpU ... ,0US ... esults. 

The f, ... st and fo ... emost conside ... ation in au ... Amblent Monito ... ing 
effo ... t, or any other sampling effort, 15 to accurately estlmate 
some parameter (e. g. a ... ea of low g ... adient riffles). The way we 
have chosen to do this lS to st ... atify a st ... eam into roughly 
homogeneous segments based on Cupp's (1989) valley segment clas­
sificatl0n. The stream wlthln each valley segment is then fur­
ther stratlfied lnto habltat (channel) units by the method of 
Suillvan (1989). Figu ... e 1 diagrams these st ... ata and the overall 
sampling procedu ... e to estimate total habitat a ... ea. 

'--
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WATERSHED 

Figure 1. 

"" (str-atified) Estimated Habitat 
Ar-ea 

VALLEY SEGMENTS 

'" (str-atified) 

CHANNEL UNITS 

/' ~ 
Systematic 

~('---"';>~ Est lmat 10n 
Visual 

Samoling 

/' 
r-andom star-t ~ ~or-r-ection 

for- bias po 1 nt 

/ 
sampling 
inter- ... al 

Diagr-am of procedur-e using the ""sual estimation 
technique of Hankin and Ree ... es (1988) to estlmate 
habltat ar-ea acr-oss channel unlt strata (clas­
sified as per- Sulli ... an (1989» and ... alley segment 
strata (as per- Cupp 1989». 
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Stl"atified sampling impl"oves the accul"acy of OUl" estimates by 
sampl1ng w1thin llke, Ol" homogeneous, al"eas based on befol"e-the­
fact knowledge of the fOl"ces and pl"ocesses caus1ng val"iability 1n 
the pal"ametel"s we wish to estimate. Fol" example, the fOl"m, se­
quence, and hydl"aul ic chal"acterist ics of pools in a h1gh gl"adi­
ent, mountain slope/headwall segment (a G2 classification) will 
be somewhat similal" to each othel" but diffel" significantly fl"om 
pools in an alluvial fan segment (B3). This is analogous to the 
uppel", middle, and lowel" zonation (based on gl"adient) that Hank1n 
and Reeves (1988) pl"ovide in theil" example. It follows that 
within each valley segment, diffel"ent channel unit types (the 
second-stage stl"ata) will diffel" fl"om each othel" in tel"ms of 
fOl"m, function, and hydl"aulic chal"actel"istics but will be slmilal" 
within the same type of unit, when cOl"l"ectly classified. 

Thus, we have a l"athel" l"efined and elegant. method of impl"Oving 
OUl" estimates of channel unit al"ea (Ol" volume) by accounting fol" 
val"iability fl"om the following SOUl"ces: 1) val"iability between 
valley segments caused by watel"shed influences, 2) val"iability 
within valley segments caused by the OCCUl"l"ence of diffel"ent 
types of channel units, and 3) val"iabil1ty between channel units 
of the same type caused by local, site-specifiC featul"es. 

SYSTEMATIC SAMPLING 

So fal" we have stl"atified watel"sheds into valley segments and as­
sumed that we will be able to cOl"l"ectly classify individual chan­
nel un1ts into second stage stl"ata. The next step in· the pl"ocess 
1S to apply a systematic sampling pl"ocedure to each type of chan­
nel unit, and pay homage to the concept of randomness, Wh'Ch 
makes the whole estimation procedure statistically valid. This 
systematic sample is fundamental to develop1ng the relationship 
between visual estimates of channel unit dimensions and actual 
(true) me.asul"ements, which allows us to account fol" observel" 
bias. 

A systematic sample is obtained by l"andomly selecting the first 
channel unit to estimate/measure (a paired measurement) from 
w1th1n the first k units and then sampling every kth un1t after 
that. The term "k" is called the sampling 1nterval. (The number 
of channel units in sequence between measured units, those that 
are only visually est1mated, 1S k-1.) Th1S is called a l-in-k 
systematic sample where k 1S appropr1ately chosen to balance the 
frequency of occurrence and variab1lity of each type of channel 
'Jn1t, as well as other factors (more on this later). Each chan­
nel unit type may have a diffel"ent sa.pling frequency (l-in-kl. 

For 11lustrat1on, let us say that we have decided to sample every 
15th scour pool (k=lSI, every e1ghth low grad1ent riffle (k=8), 
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and every third glide. within a valley segment. To determ1ne the 
first scour pool for paired measurement, a random number between 
one and 15 1S needed. If the number five were obtained, the 
fifth pool encountered from the survey boundary would be 
measured, and every 15th therelofter. Thus, scour pools five, 20, 
35, 50, 65 ••• would be measured. Fourteen (k-I) visually­
estimated units separate ml!asured units. Similarly, if the ran­
dom starts for low gradient riffles and glides were four and one, 
respectively, the fourth, 12th, 20th, 28th •.. low gradient r1f­
fles would be measured, as would the first, fourth, seventh, 
10th ••• glides. Sampling (paired ·measurements) ·would continue 1n 
th1s fashion through the end of the valley segment. 

Selecting the Sampling Interval 

The sa.ple interval (k) .ust be chosen before actually beginning 
sa.pling and cannot be changed once sa.pling has begun. There is 
often a strong temptation to include a more typical, or "repre­
sentative", or "better", unit than that selected by the sampling 
interval. Don't give in. If an appropriate sampling interval 
was chosen, enough varied units will be sampled to obtain rea­
sonable estimates and confidence intervals. 

Selection of an appropriate sampling interval (k) can be aided by 
some advance knowledge of the types and relative composition of 
channel units within the valley segment. This information may be 
available from observations during the horizontal control survey 
or from other sources. Selection of the sampling interval must 
strike a balance between the following considerations: 

I. At least 10 paired measurements need to be obtained for 
each channel unit type, otherw1se the relat1onsh1p be­
tween visual estimates and actual measurements becomes 
.quest ionable (more on this later). The total number of 
rare (infrequent) types of units may be so few that all 
should be measured. (When all units of a particular 
type are measured, correction of visual estimates 1S not 
needed. ) 
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2. 

3. 

Those channel unit types that occur frequently and are 
relatively similar in area can be sampled less often (k 
is larger). In low to moderate gradient streams these 
are typically scour pools, low gradient riffles, slip­
face cascades, gl ides.~ and scour holes, often I inked 
with smaller eddy and dammed pools. (However, the com­
pleKity and unique features of each stream and valley 
segment will often confound this generalization.) 

Those channel unit types that are highly variable in 
area or occur infrequently should be sampled more often 
(k is small). 

4. Relatively long valley segments will allow a propor­
tional increase in the sampling Interval for all channel 
unit types, thereby decreasing the actual time spent 
doing paired meas~rements. 

Selecting a sampling interval should not be a complicated, tlme­
consuming task. In practice it will likely be an informed, 
professional judgment that considers those channel unit types 
that are, or expected to be, most frequent ly encountered 
(greatest in area), relatively rare, and those that are interme­
diately so. 

VISUAL ESTIMATES 

To be able to utilize the area and depth estimates obtained by 
eye, these estImates must be corrected to something close to the 
"true" dimensions. By obtaining both visual estimates and actual 
measurements (double sampling), a simple, intuitive ratio can be 
developed. Corrected visual estimates are obtained by multiply-. 
ing the r.aw estimates by the ratio of visual estimates/actual,> ·<'M<A.S.'( 

measurements. Graphically, the correction factor IS nothing more 
than the slope of a line that best fits an X-V plot of estimated 
vs. measured dimensions. This correction factor can be greater 
than one if the observer consistently underesti.ates the actual 
dimensions, and less than one if overesti.ation IS the case. 

It IS very important that the estimator be conSIstent, not neces­
sarIly accurate. This technIque accounts for over- or un­
derestimation very handily. But, it can be scuttled by someone 
who both over- and underestImates dimenSIons ('s inconSIstent) 
and/or IS very Inaccurate. Fortunately, there are techniques for 
malntaining consistency in Visual estImatIon. 

In practlce, one 
the "recorder". 

person is deSIgnated the "caller", the other IS 
These roles do not change durIng the survey day. 
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The caller does all the estimation; the recorder, besides the ob­
vious, does the actual measuring. Visual estimates are not com­
mittee deCisions. The recorder should not Influence the caller 
In any way. Above all, the caller should not know the rela­
tionship between estimated and/measured dimenSions. Attempt.s at 
compensation by the caller will do nothing but decrease Con­
fidence and generate inconsistency. Both the caller and recorder 
should be aware of fatigue, discomfort, mental state, and other 
factors that can influence the consistency of Visual estimates. 
It is probably better to take a few breaks or call it a short day 
than to collect poor data. 

Accuracy can be improved by estimating known distances before en­
tering the field. Calibrating the eye to accurately estimate 
some known distance and working in multiples or fractions thereof 
is highly advisable. Most everyone has some distance that they 
can accurately est imate based on prevIous experience (1. e. a car 
length, a sheet of plywood, a football field). Practice and fre­
quent calibration to some known distance will do much to Improve 
and maintain consistent visual estimates. 

AN EXAMPLE 

Figure 2 provides a diagrammatiC example of selecting sample in­
tervals for a portion of a long valley segment conSisting of only 
Scour pools (coded SCP), low gradient riffles (LGR), and glides 
(GLD). Those units to be measured are indicated by an arrow. 

I strongly urge that the notes seen on this example be Included 
with each data set as a comment or an attachment. Also, be aware 
that no data sheet can account for the number of differe'nt chan­
nel unit types encountered or the variable sample interval for 
each. This means that each recorder will have to keep track of 
the next ,paired measurement to be obtained as the survey pro­
ceeds. To aid this accounting, the sample interval for each type 
of channel unit should be written on each page. 

Finally, a table of random numbers is Included for use in selec­
ting first-measured units. Many electroniC calculators With 
baslc statistlcal functlons also have the capabllity to generate 
random numbers, usually between 0 and 1.0. Dlsregard the declmal 
pOlnt and simply choose the first dlglt greater than ~ero If the 
sampling interval is between 1 and 10. Choose the first two 
dlgltS If the sampllng lnteryal is greater than 9. If the number 
lS greater than the sampling lnterval, continue generating num­
bers untIl you obtain a usable number. 
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As vital oomponenll of habitat for stream fishell, 
pooh are oflrn monitorW to follow the effects of 
enhancement projects and natural stream processes, 
Variation! of wiler depth with discharge, howeyer, 
can compliwe monitoring changes in the depth and 
volume of pools. To subtract the dfect of disch'llC 
on deJXh in poolJ, ~sidl.lJl! depths can be measured. 
Residual depth is the diffe~ce in depth or bed 
ele .... ation between. pool and the downstream riffle 
c~st. Residual pool depth or volume can be meas. 
ured at wadable flows by using only a tape and 
gnJdua1ed sounding rod. Re.sidual dimensions rcp~. 
sent extreme low-flow conditionl, which oflen deter· 
mine the cap.ciry of Itreams to produce fish. The 
measurement of relidual deplh u an unbiased way to 
easily distinguish pools {rom ol.l1er reachel. Iu 
application is illustrated by a case study on a Sue&nl 

in northern California. 

Rtlrieval Tums: fish habitat monitoring, pools, 
st~am channel surveys, It.ream enlwlcement evalu· 
ation 

APPENDIX G. 

Using "Residual Depths" to Monitor 
Pool Depths Independently 
of Discharge 

Thomas E. Lisle 

F ishery managers are focusing more 
and more attention on pools to protect 

and ennance fish habitat in streams. Pools 
are vital components of fish habitat in 
streams, especially for larger fish, I be­
cause their great depth offers protection 
from predators. Pools can be highly sensi­
tive to disturbance of watersheds and ri­
parian areas ", and can be enhanced by in­
troducing woody debris, boulders, or arti­
ficial structures in streams.' Improving 
strategies to protect pool habitat ulti· 
mately depends on unbiased, quantitative 
methods for monitoring changes in pool 
dimensions. Comparisons of pool dimen­
sions eilher between streams or in one 
stream over time can beconfounded, how­
ever, by differences in stream discharge, 
which strongly affect water depth. 

65 dr-dp- dm 
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To surmount this problem, a method for 
measuring pool depth independently of 
variations caused by discharge has been 
developed by using the concept of "resid· 
ual depth."' Residual depth is the differ· 
ence in depth or bed elevation between a 
pool and the downstream riffle crest (jig. 
1). Residual depth is measured by sound­
ing or surveying a pool with tape, rod, and 
(optionally) an engineer's level and sub­
tracting the depth or elevation of the riffle 
crest from those in the pool. Data can be 
plotted as profiles or used to draw residual· 
depth contours on a map. The method is 
simple and unbiased, and can be adapted to 
measure pool length, area, and volume. 
Residual pool dimensions can represent 
low flow conditions that are important for 
summer rearing habitats of fish. 

::50 SX). 7SO 
Distance. ft. 

,oco 

Figure 1-A longitudinal profile 01 a ",ach 01 
stream, showing Ihe method for measuring 
",.iduaJ depths. 



Il ESIf)UAL DEPTH 

W,lIcr depths in pools depend on both . 
the tlepth of the depression in the stream 
hl'tI :IIltithe discharge at the time of meas­
lI,,'lllent. How can comparable measure­
nKnts of pool depth be made without hav­
ing to measure at equal discharges? 

Say. for example, mean depth in a pool 
was measured as 1.1 ft one summer before 

in pools would then correspond to residual 
values. Thus residual depths represent 
extreme low flow conditions, which can 
limit a stream's capacity to support fish 
populations. The method also provides an 
unbiased way to easily distinguish pools 
from other reach types: Pools are simply 
reaches having residual depths greater 
than zero. 

placing a rock dencctor to increase scour. METHODS 
During the following summer, pool depth 
is remcasured. Did depth increase or de- Pool frequency and the residual depth 
crease? Ifdepthweremeasuredthesecond and length of pools in a vertical plane 
lime at Q, (fig. 21, an observer that was runningdownthechannelcanbemeasured 
IInaware of differences in discharge would quickly by using the fallowing procedure. 
conclude that the deflector had increased It should be done during low flow when the 
tlepth to 2.5 ft; if instead depth were meas- water surface over pools is nearly horizon­
ured at Q., the observer would conclude tal. Materials needed include a tape, rod, 
that depth had decreased to 0.8 ft Re- and noteboolc. 
peated measurements of pool depth and I. To measure distances between residual 
dischargebeforeandaftertreaunentwould depth measurements, streICh 8 tape along 
show the true change in pool depth at a the thalweg (zone of greatest depth) or the 
given discharge, but this method would be centerline of the channel. Thalweg dis­
time-consuming and demand a certain tances give thereat distance between depth 
schcdule of measurement measurements, but such distances from 

"Residual deptk" is independent of dis-' point to point along the stream channel can 
charge and need only be measured once - vary' from year to year because of their 
before and once after treatment In order to . - wandering. Centerline distances give dis­
detect changes. Residual depth is the depth tances along !he channel as a whole and 
that, if flow were reduced to zero, water vary little from year to year. Particularly in 
would fill pools just up to their lips that are channels with bends, however, centerline 
located atrifflecrestsdownstream. Depths distances do not necessarily equal the dis-
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Figure 2-Variation of depth In a pool with 
discharge before and after a structure was 
added to increase scour. Depth was measured 
once before treatment (·X~). An increase or 00. 

crease in depth aftar watment ("0") would be 
Indicated, depending on whether depth were 
measured at Q. or a.. 

2 

lances between depth measurements in the 
lhalwc~ and thus can introduCe eTTo; in 
measurement or residual depths :lVC'rngcd 
over tile rc~ch. In any case, usc consi~tcnl 
mCc1~ures of dist.Hlec. 

2. At dis!:",cl's measured along the l"l'r., 
note reach type (pool, riffle, run, etc) 01,,1 
me.1sure deplhs in the thalweg (drrpcst 
thre.1d of the channel). Be certain to mcas­
ure the distance amI drplh at rime nrsts. 
3. To cOlllpute residual depths, suhtr""t 
depth at riffle crests from depilis in lip' 
stream pools. Mean or maximum residual 

I depths or Ule entire frequency distrihution 
of residual depth can then be easily deter­
mined. 

Assuming that the rod is held reasona­
, bly vertical the primary sources of error in 
measuring depth arc due to failure to locate 
the thalweg and U,e roughness of the bed. 
1 estimate probable error in depth measure­
ment to bcapproximatcly (wire the 11l('dian 
diameter of bed particles. The percent 
error decreases with increasing ratio of 
depth to bed particle size. I estimate error 
in measurement of thalweg distance (a be 
approximately 2 percent. These values for 
error are estimated from experience and 
not experimentation. Error probably var­
ies wiU, operator, and stream conditions. 

If the water surface over a pool slopes 
downstream appreciably, residual depthS 
will be over-measured by the method mil­
lined above, which is based on the assump­
tion that the water surface over pools is 
horizontal. The error created by this as­
sumption would nearly always be negli­
gible during low flows. For instance, if the 
water surface over a lOO-ft-long pool 
slopes 0.5 percent (a steep slope for low 
flow), the average error in measuring re­
sidual pool depths will equal 0.25 fl If the 
error in using this assumption is unaccept­
able, however, a longitudinal profile of the 
stream bed can be surveyed by using an 
engineer's level. Afterplotling the longi­
tudinal profile, residual depths are mea,­
ured from horizontal-lines extending up­
stream from riffle crests (fig. J I. 

Given that the elevation of the down­
stream rime crest sets the size of the resid­
ual pool, any dimension-depth, length, 
area, or yolume--can be measured from a 
planimetric map having depth contOllrs. 
Residual pool volume, for example, is the. 
difference between total pool volume and 
the portion of pool volume higher in eleva­
tion than the downstream rime crest. 
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API'L1CATJON 

To iII11Str~IC how this method can be 
used, I describe below ilS application in 
evaluating a stream enhancement project 
hy Six Rivers Nalional Furest. The Forest 
placed lhrce IXluhlcr cluslers, five gabion 
weirs, and six hankside denectors in Red 
Cap Creek, ncar Orleans, California, dur­
ing the summer of 1982 to scour pools and 
provide cover for juvenile slcclhcad trout 
and chinook salmon (jig. 3). We surveyed 
a longiludinal profile of the streambed and 
waler surface down the thalweg of the 
channel before the strucUlres were placed 
(fig. 4). We repealed the survey the next 
summer afler a i100d in December caused 
noticeable channel changes in reaches 
both with and wilhout structures. Residual 
deplhs of all pools, including seven which 
were not innuenced by the stmctures, were 
measured from the profiles. 

We compaJ'.ed maximum residual pool 
deplhs measured before and afICr the struc-

• 
t 

tures were placed (jig, 5), as well as in­
specled the stream, to judge the effective­
ness of the struCtures to scour pools. Re­
sidual depth in pools without structures 
decreased. Some boulders in riffles and 
fast runs at locations 7 and 9 (jig. 3), were 
either buried, moved out of the reach, or 
left too high on the channel bed' to be 
effective, Others in fast reaches., such as at 
locations 7 and 8, caused little scour. 
However, most defleclnrs and boulder 
clusters survived the winter and scourCd 
pools. DefleclDrs such as 2 and 11, that 
were built along pre-existing pools, 
scoured the deepest pools, although the 
pool along struCture 9, which was partially 
destroyed and buried, decreased in depth. 
Defleclnr 5 produced little scour, probably 
because it lay behind a bedrock projection, 
and defleclnr 13 became isolated from the . 
thalweg, 

Considered as a whole, the project 
seems In have preserved pool depth during 
an interval of decreasing pool depth, de-

RED CAP CREEK 
August. 1983 

100 II. 

Figure 3-A reach of Red Csp Creek near 
Orleans. California. was uS€ld 10 apply meas­
urollll~nls 01 ru:;iJuill dtJ~lh to monilor pools. 

Artificial structures 8re identified by number 
(1-14). 

spite some failures of individual struc­
tures, With error estimated at ± 0.,6 It 
(twice median bed particle size), eighl 
structures increased residual depth signifi­
cantly, five caused no change, and one 
resulled in a decrease in depth (fig. 5). Of 
the pools without'structures, two showed 
no significant change and five showed a 
decrease in residual depth. Total pool 
depth cumulated longitudinally remained 
essentially unchanged. Although only 
structure 11 crealed a pool as deep as lhe 
major narural pools, the structures in­
creased pool numbers from II In 20. 

This method allowed us to quickly and 
conveniently monilnr the cffeclS of struc­
tures on pools. The entire project IDOk a 
total of 3 days In survey the profiles and 2 
days In analyze the data, This method was 
also used In detect changes in pools associ­
aled with removing woody debris from 
small streams'in Alaska.' 

Explanation 

+ Sank.lde Deflector 

• Boulder 
~ a.blon Weir 
't!:T Pool 
- Rittle 

J 
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Figure S-Changes in residue' deplhs 01 pools 
in the Red Cap Creek study reach after struc­
tures WBre added in summer 1982, to increase 
scour. Numbers identify structures shown in 
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show a decrease in residual depth; those falling 
above show an increase. New pools tormed 
around structures plot along the ordinate. 
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Figure 2. Example of sele~ting appropriate sampling intervals. 
The following symbols lndi~ate ~hannel unlt types: 

o S~our Pool (SCP) 

\7 Low Gradient Riffle (LGR) 

o Gl ide (GLD). 
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APPENDIXH. 

SUMMARY OF T IF JW STREAM MONITORING PARAMETERS 
1990 FIELD SEASON 

PARAMETER METHOD 

1. Segment Summary - Form 1 

Watershed 

Stream size 

Discharge 

Location 

Elevation 

Reference Points 

WRIA# 

Order (map) 

flow meter 

T, R,Sec 
Turning Points 
WRIA 

Map 

Survey to fixed point 

2. Horizontal Control Survey • Forms 2 and 3 

Turning Points 

Photo Points 

Substrate 

Embeddedness 

Gradient 

Bankfull Width 
& Depth 

Mass Slope Failures 
Bank Cut1ing 

Azimuth 
distance between points 

Horizontal control survey 

particle size distribution 

% covered by fines (code) 

clinometer 

measure 

estimate 
bracket w Iturning points 

FREQUENCY FORM 

One # for segment 

One # for segment 

Once wkhin a segment 2, 4A, 4B 
at beginning of Habkat Survey 

Beg. & end of segment 1 
1,2,3,4A,4B 
1,2,3,4A,4B 

Beg. & end of segment 

Beg. & end of segment 

as needed 2 

facing upstream at turning points 

at selected riffles 3 

at selected riffles 3 

upstream & downstream of 3 
bankfull measurements 

at selected locations 3 

as encountered 3 
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APPENDIX H. conrd 

PARAMETER METHOD FREQUENCY FORM 

3. Habttat Unit Survey - Forms 3, 4A, and 4B 

Unit Type Identify wtth code every untt 4 

Length & visually estimate measure each unit and a fraction 4A,4B 
Width of the units for calibration 

Depth measure max and crest outlet at pools 4A,4B 
average depth at other units 

Obstructions code pool units only 4A,4B 

Woody Debris # of logs/root wads/jams each piece once, 4A,4B 
as encountered 

Riparian Vegetation 

Seral Stage Code Each unit 4A,4B 

Vegetation Type Code Each untt 4A,4B 

Land use Code Each untt 4A,4B 

CanopyClos Densiometer Measured Units 4A,4B 


