Bonneville Power Administration

FY 2002 Provincial Project Review

PART 2. Narrative

Project ID:
28005

Title: Assessment of spring/summer chinook salmon habitat within the Salmon River Subbasin. 

Section 9 of 10. Project description

a. Abstract 
Habitat data will be collected throughout watersheds and subwatersheds within the Salmon River Subbasin that are currently both occupied and unoccupied by chinook salmon.  These data will be used to establish stream habitat characteristics that sustain chinook populations within the Salmon River Basin and the Columbia River Basin.  The objective of this project would be a model that discriminates habitat occupied and unoccupied by chinook salmon at the subwatershed (e.g., within drainages of the Lemhi River Basin), watersheds (e.g., Lemhi River Basin vs. Johnson Creek watershed), and subbasins (Salmon River Subbasin vs. Clearwater Subbasin) scale.

b. Technical and/or scientific background

Stream habitat has been defined as the local physico-chemical and biological features that comprise the environment in which fish live (Milner et al. 1985).  Aspects of this habitat form the template for ecological strategies for aquatic biota found within streams (Southwood 1977,1988). Therefore, the careful characterization of stream habitat should provide useful insights into the biota that inhabit it (Schlosser 1990). 

Recent studies have found attributes of aquatic habitat useful in explaining species presence (Tonn et al 1990, Lee et al. 1997), aquatic assemblages (Schlosser 1982, Scarnecchia 1988, Poff and Allen 1995), biomass (Binns and Eiserman 1979), and species diversity (Gorman and Karr 1978).  An improved understanding of stream characteristics and the processes creating them have led to improved designed of stream restoration projects (Lichatowich et al 1995, Kauffman et al 1997).

Increasingly, stream habitat surveys are being used by state and federal conservation agencies (Bain et al. 1999).  The increased use of these surveys, at least in part, has been to address legal mandates.  Consultation protocols for aquatic species protected under the Endangered Species Act include documentation of the stream habitat characteristics (NMFS 1996). There are also attempts to utilize aquatic habitat metrics as thresholds in meeting the mandates of the Clean Water Act (see Bauer and Ralph 1999).   Additionally, physical attributes of stream are being used as management standards in Federal land management plans (Inland Native Fish 1995). 

One way to track the dynamics of fish populations at the large-scale may be to track changes in habitat (McIntosh et al. 1994, Dose and Roper 1994).  To do this, a repeatable, representative, and relevant description of fish habitat must occur at the landscape scale (Isaak 2001).

The understanding of the relationship between stream habitat and chinook salmon populations has been incorporated into the goals of the 2000 Federal Columbia River Power System Biological Opinion (here after cited as 2000 FCRPS BiOp, National Marine Fisheries Service, NMFS 2000).  In section 5.2.1.1,  the need to insure essential features of spring/summer chinook salmon juveniles rearing areas is identified as an objective. To meet this objective, Appendix G identifies that both population characteristics and habitat attributes are to be monitored (NMFS 2000).

Current habitat monitoring efforts within the Columbia Basin have focused on comparing habitat attributes of managed and unmanaged systems (Overton et al 1995, McKinney et al. 1996, Kershner et al 1999, 2000 – CD’s of this data will be included with this proposal).  Although this information provides a good existing condition database, it is not designed to identify attributes of essential chinook salmon habitat. 

c. Rationale and significance to Regional Programs

In 1998 an interagency group representing the Forest Service (FS), Bureau of Land Management (BLM), National Marine Fisheries Service (NMFS), Fish and Wildlife Service (FWS), and Environmental Protection Agency (EPA) began developing a long-term aquatic and riparian effectiveness monitoring program for FS and BLM lands within the Upper Columbia River Basin.  The goal is to ensure effectiveness of standards identified in earlier consultation efforts related to land management activities conducted by federal agencies (NMFS 1998).  The goal of this effort is to insure FS and BLM land management standards are effective at protecting stream habitats of listed species.  

This monitoring project fits within the three overarching objectives from the Basinwide Recovery Strategy (RPA 9.6.2) and the direction for environmental status monitoring, effectiveness monitoring, and quality of regional databases sub-sections of RPA 9.6.5.  

This is the only Basin-wide program that uses standardized methods and sampling design to collect aquatic habitat data that evaluates whether mitigation measures effectively protects stream habitat.  Information on macroinvertebrates, riparian vegetation, and quantified descriptors of land management activities are collected within each sub-watershed.  The program is managed by the Fish and Aquatic Ecology Unit of the Forest Service, has sampled approximately 400 sites throughout the Basin, and will sample 300 sites annually in the future – regardless of additional funding through the BPA.

The current program provides a basin-wide assessment of habitat conditions but does not specifically describe the relationships between habitat conditions and the spawning and rearing success of any specific fish species.  This proposal will allow us to describe habitat conditions at the reach, sub-watershed, watershed, and sub-basin scale for streams that are either utilized or not utilized by chinook salmon.  Existing information on spawning, survival, growth, and escapement will be combined with the habitat data to determine which habitat conditions result in the highest productivity.  The strength of this proposal is that it incorporates existing region-wide habitat assessment procedures with population level information collected by numerous state and federal agencies, tribes, and academia.  Results will be relevant to chinook salmon at a variety of spatial scales ranging from the reach to sub-basin, and to a lesser extent for steelhead and bull trout.

The primary significance of this project within the Snake River spring/summer chinook salmon ESU it that it may serve as a canary.  Reach scale metrics are not likely to change within the time-scale of interest for the BIOP (5-10 years).  In addition, variance associated with ( will make it difficult to state with certainty if it exceeds or falls below 1.  Stream habitat attributes (especially macroinvertebrates – see Hawkins et al. 2000), however, will give a good indication of the current conditions of riparian and upland environment. 

The BIOP hypothesized that current condition of stream habitat is degraded.  By collecting the data within this proposal and comparing it to data previously collected in minimally disturbed sites within the subbasin, we can test this hypothesis.  To insure proper allocation of resources used in the restoration of chinook salmon populations within this ESU, a test of this hypothesis seems a necessary step.

At the subbasin scale this project will meet a need listed within the Salmon Subbasin Summary (Draft, May 25).  In the section 5.4.1 of this document, a stated need is the “Development and validation of landscape models used to predict distrubution, quality, and dynamics of habitat.”  This effort will not only ensure models of this type are constructed for the Salmon River Subbasin, but that model development is connected among other subbasins within the Columbia River Basin.

d. Relationships to other projects 
Although this study is not dependent on any other study, it will use the best estimates of adult chinook salmon numbers, juvenile survival by subwatershed, watershed, and subbasin, and reach scale metrics – the vast majority of which have been funded by the BPA.   Without these other studies, an evaluation of habitat would be of little value.  Some of the specific projects that would be incorporated into this study are listed in section three of this document.   


The objective of this project is to fill a gap in the current understanding of chinook salmon distribution.  We will collect intensive habitat data at the reach scale.  Our intent is to allocate the majority of our samples in reaches where considerable reach scale and population data have already been collected. Data collection would not only come from subwatersheds that are inhabited by chinook salmon. We would also sample reaches not currently utilized.  These data will then be incorporated into available reach scale data and population dynamics data for a better understanding of the viability of chinook salmon in this ESU.  The study should also provide a basis for understanding if habitat is unoccupied because of a lack of adult chinook salmon (no habitat differences) or because the habitat is significantly different.

e. Project history (for ongoing projects) 

No previous funding has been received from the BPA.  This project, however, has been on-going since 1998. Over $800,000 has been spent collecting data throughout the basin and subbasin in the last three years.  Figure 1 indicates where we have already evaluated stream habitat within the subbasin.
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Figure 1.  Locations within the Salmon River Subbasin where data have been collected evaluating stream habitat. Light colored circles indicate sites with minimal human disturbance while dark circles indicate data from managed sites.

f. Proposal objectives, tasks and methods
Objective  - The objective of this project is to determine if habitat attributes (physical + macroinvertebrate + productivity) differ among subwatersheds, watersheds, and subbasins with populations of chinook salmon and where population of chinook are absent.  In order to achieve this objective it will be necessary to sample stream habitat occupied and unoccupied by chinook salmon at these three different scales.  This proposal focuses at describing habitat at two of these scales though answering the following three questions:

1) Is stream habitat occupied by chinook salmon within a subwatershed different than unoccupied stream habitat within the same subwatershed (a watershed scale in this example would equate to the Lemhi Basin)?

2) Does differences in stream habitat at the watershed scale (for example, Lemhi vs. Johnson Creek) partially explain differences in chinook numbers (e.g., adult numbers, survival rates, egg-to-smolt survival)?

3) Is the habitat condition in watersheds currently inhabited by chinook different from other uninhabited watersheds throughout the Basin (Lemhi vs. Panther Creek)?
The null hypothesis to be tested in each of these case is that there are no significant differences between habitat utilized and not utilized by chinook salmon.  The alternative hypothesis is there are significant differences.

Determining the relationship between stream habitat attributes and salmonid populations is a necessary step if habitat is to serve as an important attribute of monitoring chinook salmon populations.  The critical assumption in this model and the 2000 FCRPS BiOp is there is a measurable relationship between habitat attributes and chinook salmon populations.  Evaluating this objective would evaluate this critical assumption.   If a habitat approach proves effective at these two finer scales it would likely also be applicable to larger scales (e.g., Salmon River Basin vs. Clearwater River Basin). 

Task a – Review current research on chinook salmon population within watersheds of the Salmon River Subbasin.  Use data to determine populations indexes for adult, parr, and other population attributes of spring/summer chinook salmon by subwatershed.  Use this data to stratify subwatersheds and watersheds that are occupied and unoccupied by chinook salmon.  In watersheds that are occupied, a relative index of chinook salmon production would be determined for comparisons of habitat. 

 Task b – Evaluate between five and 15 reaches within watersheds in which chinook salmon survival has been estimated (see Paulsen and Fisher 2001 for a likely stratification of 13 watersheds) and which estimates of adult chinook salmon numbers are well documented (see task a).  Collection of stream habitat data would be stratified in a manner that sampled both occupied and unoccupied within each of the 13 watersheds. These data would be compared among watersheds surveyed in this effort as well as with data previously collected throughout the Columbia Basin (Kershner et al 1999, 2000).

The pattern of land management/disturbance on federally managed lands would be evaluated using GIS methods and data available through the USDA Forest Service and USDI Bureau of Land management.

Methods – Stream habitat data would be collected in the following watersheds; Secesh, South Fork Salmon, Johnson, Loon, Sulfur, Elk, Bear Valley, Upper Salmon, Alturas Lake, East Fork Salmon, and Lemhi.  Between five and 15 reaches would be sampled in each watershed.  Samples would include stream reaches known to have high numbers of chinook salmon and reaches chinook salmon are absent.  Exact number of samples collected in each watershed would depend on the size of the basin of interest, variation in attributes measured, and redundancy in our current database. The goal of this effort would be to collect information from 130 additional sites that would facilitate the evaluation of chinook salmon habitat throughout the subbasin.  Table 1 lists the attributes that will be collected.

Table 1.  Attribute selection summary, showing relationship to stressors, a composite usability ranking, and an indication of how the data will be gathered.

Indicator                                                 Direct/Indirect1       Usability       Data Collection2
Land Use and Current Management

equivalent road acres
D
high
all*

road density - hydrologically connected
D
high
all*

# of culverts and stream crossings
D
high
office, field* culvert failure rate
D
high
office, field

mining history/extent
D
 ?
office, field

forest condition: fire frequency, harvest
D
med/high
office, field

roads:landslide frequency, size, location
D
med
office, field*

Riparian/Floodplain  Habitat 

Bank material – soil type, comp., infilt.
I
high
field*

fragmentation of riparian veg - high contrast
I
high
rm, field

seral stage / structural complexity of riparian
I
high
rm, field

floodplain interactions/connectivity
I
med/high
field

effective ground cover
D
high
field*

In-channel/Community Integrity
invertebrate community structure
I
med/high
field*

water quality - direct measures
I
med
field*

water temperature - direct measures
I
high
field*

frequency, distribution, arrangement of LWD
I
high
field*

cross section mapping
I
high
field*

width to depth ratio, frequency of large pools,
I
high
field, rm*

longitudinal profiles, residual pool depth, 

bank angles, % undercut bank, substrate comp.,

bank stability


1 Direct (D) or indirect (I) measure of a stressor

2 Remote sensing(rm) = aerial photos, maps, infra-red, and satellite imagery; office = information on file in Forest offices or that can be gathered through library research; field = requires field data collection; all=all three of these techniques are used.

Data is quantitative, measured and not estimated 

All data would be collected during summer.  In stream reaches where chinook are known to spawn, sampling would occur prior to the on-set spawning activities.  Since there are no ground disturbing activities and surveys will be conducted prior to chinook salmon spawning no risk to habitats, other organisms, or humans are expected. 

All data would be available either through the USDA Forest Service’s NRIS database (internet) or in Excel spreadsheets on the medium requested (CD or 3 ½ inch disks).  Reports would be formatted in a manner that fosters publication in peer reviewed journals.  Data would be included in larger databases collected throughout the Columbia Basin that are disseminated to each Forest/Region.  Presentations would be made at state, regional, and national meeting where evaluating stream habitat is of interest (for example the American Fisheries Society meetings).

SAMPLING PROTOCOL FOR STREAM CHANNEL PARAMETERS AND RIPARIAN VEGETATION

STREAM CHANNEL PARAMETERS

1. Establishing the sample reach

2. Alkalinity and Conductivity

3. Macroinvertebrates and Periphyton

4. Pools 

5. Particle Size Counts

6. Channel Cross-Sections

7. Channel Transects 

8. Large Woody Debris

9. Subsurface Materials

10. Reach Description Measurements 

Sampling Order

1) Locate the flag at the downstream end of the reach.

2) Identify the pool tail near the flag and mark the exact downstream end of the reach.

3) Measure Alkalinity, Conductivity, and take a GPS reading.

4) Sample macroinvertebrates and periphyton.

5) Measure the average bankfull width at each of the riffles selected for macroinvertebrate sampling.

6) Determine the reach length by measuring along the thalweg and placing transect flags.  Remember that the reach extends to the first pool-tail after the minimum length is reached.

7) Conduct pool sampling (pool-tail depth, maximum depth, length)

8) Conduct particle size counts in the riffles.

9) Measure channel cross-sections. Remember to record maximum bankfull depths from each cross-section on Form 1.

10) Conduct transect sampling (bank angle, undercut depth, bank stability, bank type, bank material, bankfull widths, and vegetation community type).  

11) Conduct subsurface material samples

12) Measure large woody debris.

13) Finish with site maps, site descriptions, gradient, sinuosity, and photographs. 

14) Review all forms (especially Form 1) for completeness. 

15) Review all entries in the Data logger.

16) Check to make sure you have all equipment and forms. 

ESTABLISHING THE SAMPLE REACH

The minimum stream length for each reach is at least 20 times the average bankfull width.  After arriving at the site, begin by examining bankfull indicators throughout the reach to determine the bankfull elevation.  Then measure the bankfull width at a representative point within each of the first four riffles.  The four bankfull widths are recorded on Form 1 and an average calculated.  Use the average width to determine the width category from the table below.  The minimum stream length is defined for each width category and is equal to 20 times the width category.

Average Bankfull Width

in meters
Width Category
Minimum Reach Length

in meters

0 to 4
4
80

4.1 to 6
6
120

6.1 to 8
8
160

8.1 to 10
10
200

10.1 to 12
12
240

12.1 to 14
14
280

The upstream and downstream boundaries of the reach are located at a pool tail crest. Therefore, the upstream boundary is located at the first pool tail encountered after the minimum length has been attained.  

Use the following indicators to identify the bankfull stage, or review a more thorough discussion in Harrelson et al. (1994):

1) Examine streambanks for an active floodplain.  This is a relatively flat, depositional area that is commonly vegetated and above the current water level.

2) Examine depositional features such as point bars.  The highest elevation of a point bar usually indicates the lowest possible elevation for bankfull stage.

3) A break in slope of the banks and/or change in the particle size distribution from coarser bedload particles to finer particles deposited during bank overflow conditions.

4) Define an elevation where mature key riparian woody vegetation exists.  The lowest elevation of birch, alder, and dogwood can be useful, whereas willows are often found below the bankfull elevation.  

5) Examine the ceiling of undercut banks.  This elevation is normally below the bankfull stage.

Things to watch:

1) Stream channels actively attempt to reform bankfull features such as floodplains after shifts or down-cutting in the channel.  Be careful not to confuse old floodplains and terraces with the present indicators.

2) Depositional features can form both above and below the bankfull elevation when unusual flows occur during years preceding the survey.  Large floods can form bars that extend above bankfull whereas several years of low flows can result in bars forming below bankfull.  

ALKALINITY/CONDUCTIVITY AND OTHER PRODUCTIVITY MEASURES

Conductivity

Conductivity is measured once at each reach.  Measure immediately upon arrival and before walking through the channel and disturbing the sediment.  Take the reading near the surface, in flowing water, and record in parts per million (ppm). Recalibrate the conductivity meter at the beginning of each 8-day sampling period.  

Alkalinity

Total alkalinity will be measured once at the same time and same location as conductivity.  Specific instructions are found in the titration kit.  Record values for both total alkalinity and P alkalinity. 

OTHER METHODS OF EVALUATING PRODUCTIVITY MEASURES ARE LIKELY TO BE INCLUDED.

BIOLOGICAL SAMPLING

Macroinvertebrates 
We will collect samples using a Fixed Area design (0.72 m2) from fast water habitats. A 500 um mesh net must be used to collect all samples.

Fixed-Area Sample – The invertebrate sample will be taken from 4 different fast-water (e.g. riffles, runs) habitat units.  Two separate 0.09 m2 fixed-area samples will be taken from each unit for a total of 8 samples.  If no fast-water habitats occur, take the 8 samples from shallow, slow-water habitat units.  The 8 individual samples will be combined into a single sample that will be used to represent the study area.  This composite sample will be preserved in 1 or more sample jars depending on the amount of material collected. 

Sampling Locations - Sampling will begin at the first fast-water habitat encountered at the site and will continue upstream with the next 3 fast-water habitat units.  Determine net placement within each habitat unit by generating 2 pairs of random numbers between 0 and 9.  The first number in each pair (multiplied by 10) represents the percent upstream along the habitat unit’s length.  The second number in each pair represents the percent of the stream’s width from RR.  Repeat this process to locate the second sampling location.  Take samples where the length and width distances intersect (estimate by eye).  If it is not possible to take a sample at one or both of these locations (log in the way, too deep, cannot seal bottom of net, etc.), draw an additional set of random numbers and sample the new location. 

Taking the Samples – Place the sampler so the mouth of the net is perpendicular to and facing into the flow of water.  If there is no detectable flow, orient the net to most easily facilitate washing benthic material into the net.  Collect invertebrates from within the 0.09 m2 sampling frame in front of the net.  Work from the upstream edge of the sampling plot backward and carefully pick up and rub stones directly in front of the net to remove attached animals. Quickly inspect each stone to make sure you have dislodged everything and then set it aside.  If a rock is lodged in the stream bottom, rub it a few times concentrating on any cracks or indentations. After removing all large stones, disturb small substrates (i.e. sand or gravel) to a depth of about 10 cm by raking and stirring with your hands. Continue this process until you can see no additional animals or organic matter being washed into the net. After completing the sample, hold the net vertically (cup down!) and rinse material into the bottom of the net.  If a substantial amount of material is in the net, empty the net into the 14-liter bucket for processing before continuing to the next sample location.  Otherwise, move to the next sample location and repeat the above procedure. 

Field processing, Preservation, and Labeling of the Sample - Field processing requires a 14-liter bucket, a white plastic washtub, and a 500 um sieve.  The bucket will be used for decanting animals from inorganic substrates into the sieve.  The washtub will be used to transfer stream water to the bucket and then to visually inspect inorganic residue for heavy animals that were not decanted.  

After taking a sample, empty the net’s contents into the 14-liter bucket. Continue this process until all 8 samples have been collected and placed in the bucket. Make sure you thoroughly wash animals from the net by vigorously pouring water down the net and into the cup. If the net has a cup at the end, remove the cup over the top of the bucket and wash it out. Add water to the bucket and decant invertebrates and organic matter from the sample by stirring the contents of the bucket and then pouring suspended material through the 500µm sieve. Repeat this process until no additional material can be decanted. Transfer the material in the sieve (invertebrates and organic matter) into the 2-liter sample jar with a small spoon and then wash any remaining material in the sieve into the jar with a wash bottle.  Place the inorganic residue remaining in the bucket into the plastic washtub and cover with water to a depth of 1 cm. Inspect the gravel on the bottom of the tub for any cased caddis flies or other animals that might remain. Remove any remaining animals by hand and place in the sample jar. 

Once all samples have been processed, fill the jar with 95% EtOH.  Immediately label the jars both inside and outside
Algae (Periphyton)

The following procedures outline a stepwise approach for collecting periphyton samples from each of the 4 fast-water habitat units.  Based on the type of substrate available, select one of the following sampling methods for the reach.  The methods should be selected based on the following priority: Rock, Snag (wood), Sand, and Silt.

Rocks – 

1) Collect 4 pieces of substrate (5-25 cm diameter) from each of the 4 fast-water habitat units for a total of 16 samples.  Make sure to keep track of the upper surface of each piece of substratum.  Where possible, all of these samples should be taken from a depth of approximately 15-20 cm (if the stream is < 15 cm deep sample at the deepest point).  

2) One-at-a-time, place each piece of substratum over the white pan.  Place the rubber washer on the upper surface of the particle.  The washer delineates the area to be scraped, brushed, and then rinsed into the white pan.  First, scrape loose algae from the delineated area on the rock with a small spatula.  Then brush the area (brushing dense periphyton clogs up the brush).  Rinse the material into the white pan, but be careful to only rinse algae from the delineated area into the pan (not from other parts of the rock).  Repeat for each piece of substratum rinsing the material into the pan to create 1 composite sample consisting of all 16 samples.  Rinse the material from the white pan into the 1L bottle.  

3) Carefully examine all of the tools used for dislodging the periphyton and rinse any remaining material into the composite sample using a minimal amount of stream water.  Dilute the composite sample to either 250 mL, 500 mL, 750 mL, or 1000 mL (use the smallest possible volume).  Record the level of dilution in the data logger, on Form 1 and on both sample labels.  

4) Close the 1L bottle containing the composite sample, shake vigorously until all material is fully suspended and homogenized (clumps of algae broken up).  Use the syringe to continue mixing and extract ~ 10 mL and place in the 50 mL periphyton sample container.  Extract additional aliquots until 40 mL has been transferred to the sample container.  Preserve with 2 mL of 10% formalin. 

5) Record “Rock Sample”, sample volume, and number of particles sampled on the sample jar labels and in the data logger.  

Snags –

1) Remove small logs or branches that have been in the water for a long time (months) and scrape periphyton from a known area into the white pan.  Use the rubber washer to define the sample area for each snag.  Use the small spatula, toothbrush, and squirt bottle to remove algae from the snags and rinse them into the white pan.  

2) Rinse sample from the white pan to the 1 L bottle.

3) Remove, preserve, and label a subsample (40 mL) from the 1 L composite sample container by following the steps outlined for “rocks”.

4) Record “Snag Sample”, sample volume, and number of samples on the sample jar labels and in the data logger.  

Gravel and Sand –

1) Invert the petri dish over a portion of sediments submerged at a depth of ~ 15-20 cm (if the stream is < 15 cm deep sample a the deepest point) and trap the sediments by inserting the spatula under the dish.  Transfer the sample to the 1 L sample container.  

2) Pour a small amount (~20-30 mL) of stream water over the gravel and sand in the 1 L bottle, cover, and shake and swirl vigorously to remove algae from gravel and sands.  Allow 10 seconds for sands and gravels to settle and pour algal-water suspension into the white pan. Repeat this step eight times so that algae is removed from the gravel and sands and rinsed into the white pan.  Rinse the gravel and sand out of the 1 L sample container.  Rinse the sample container with stream water and pour the algal-water suspension from the white pan into the 1 L container.

3) Remove, preserve, and label a 40 mL subsample from the 1 L sample container by following the steps outlined for “rocks”.

4) Record “Sand Sample”, sample volume, and the number of samples on the sample jar labels and in the data logger.  

Silt –

1) Invert the petri dish over a portion of sediments submerged at a depth of approximately 15 –2- cm (if the stream is < 15 cm deep sample at the deepest point) and trap the sediments by inserting the spatula under the dish. 

2) Holding the patula with the fines trapped under the dish, rinse all the sediments within the dish into the 1 L samle ocntainer.  Repeat above steps to collect 16 total sediment samples. 

3) Remove, preserve, and label a 40 mL subsample from the 1 L sample container by following the steps outlined for “rocks”.

4) Record “Silt Sample”, sample volume, and the number of samples on the sample jar labels and in the data logger.  

POOLS

Pool Length and Residual Pool Depth

Objectives:
1) Quantify the relative length of pool habitat in each reach

2) Determine the average residual depth of pools

How many measurements:
Sample every pool within the sample reach that meets the following criteria.  

Where to take measurements:

A habitat unit must meet the following guidelines to be measured as a pool.  These guidelines are described for summer low flow conditions.

1) Pools are bounded by a head crest (upstream break in slope) and a tail crest (downstream break in slope).

2) Only consider main-channel pools (the thalweg runs through the pool) and not backwater pools.

3) Pools are concave in profile.

4) Pools occupy greater than half of the wetted channel width.

5) Pools have a maximum depth that is at least 1.5 times the pool tail depth. 

6) Pool length is greater than its width.  

How to Take Measurements:
1) Measure the maximum depth, pool tail crest depth, and length for each pool. 

2) Measure pool length along the thalweg between the head crest and tail crest and recorded to the nearest 0.1 meters.  

3) The maximum depth represents the deepest point in the pool and is found by probing with a depth rod until the deepest point is located.  The riffle crest depth is measured at the maximum depth along the pool-tail crest.  Record both maximum pool depth and riffle crest depths to the nearest centimeter.  

Percent Surface Fines in Pool Tails

Objective:  

Quantify the percentage of fine sediments on the surface of pool tail substrate.

Surface fines will be assessed using pebble counts. Measurements are collected in the first four scour pools in each reach beginning at the downstream end.  Only sample scour pools that meet the criteria described below, even if less than four pools are sampled.  Twenty-five particles will be measured within each pool tail.

How to take measurements:

1) Only measure surface fines in pools that are formed by scouring, but not in pools formed by damming (such as large woody debris).

2) Sample within the wetted, flowing area of the pool-tail and not in stagnant water. 

3) The sampling area extends from the pool-tail crest upstream a distance equal to 10% of the pool length.  Conduct four transects perpendicular to the channel and located at 0, 3, 6, and 10 percent of the total pool length.  Adjust pacing so that 6-7particles are measured along each transect. 

4) Samples should always be collected within the pool and not within the adjacent riffle. Therefore, only sample the portion of the wetted channel that is within the pool when the pool tail is not perpendicular to the channel. 

STREAMBED SURFACE PARTICLE SIZE DISTRIBUTION (Pebble Counts) 
Objective: 

Determine the Percent Fines < 6 mm, D16, D50 (median particle size), D84 within riffles/runs. 

How many measurements:

A minimum of 100 particles will be measured in each reach. 

Where to take measurements:
Measurements will be taken within the first four riffle / runs that meet the following criteria.   

1) The riffle / run must be at least ½ as long (as measured along the thalweg) as the bankfull width “category”.  The riffle length is measured along the thalweg.  

2) If one of the first 4 riffles / runs does not meet this criteria, use the next upstream riffle / run if available.

3) Only sample riffle / runs that meet these criteria, even if fewer than four are sampled. 

4) Sample in both channels when a side-channel is present.

How to take measurements:
1) This method was described by Wolman (1954) with a few modifications to fit within our sampling design. 

2) Divide the number of riffles/runs to be sampled by 100 to determine the number of particles to sample in each unit (i.e. 25 particle counts / habitat unit for 4 riffle/runs, 33 particle counts / habitat unit for 3 riffle/runs, etc.).  

3) Sample throughout each habitat unit by conducting four evenly spaced transects perpendicular to the stream flow.  First, determine the length of the riffle by pacing its length.  Transect locations are then defined by walking back and placing flags at 20%, 40%, 60% and 80% of the riffles length.  

4) Visually determine the number of heel-to-toe steps needed between each particle measurement so that the desired number of particles are sampled in each habitat unit.  For example, measure 6-7 particles per transect when there are 4 riffles, 8-9 particles per transect for 3 riffles, etc..

5) If < 25 particles were sampled after the fourth transect, randomly choose a fifth transect and sample with the same spacing pattern used for the previous transects.

6) Sample the entire streambed width at each transect starting with the heel of the boot at the point where the streambed and streambank meet.  Never sample a particle on the streambank or on slump blocks.  

7) The upstream and downstream boundaries of the riffle are rarely perpendicular to the channel.  Only sample particles within the riffle and discontinue sampling when the transects crosses into pool habitat.  

8) Depositional features are considered as streambed material.  End the count at the bankfull elevation when depositional features extend above bankful or at the point where a depositional feature becomes > 50% vegetated with perennial species.

9) Sample the particle at the point of the foot.  Reach down with the forefinger (without looking down) and pick up the first particle touched.  Measure the middle width (B axis) of the particle in millimeters.  Visualize the B axis as the smallest width of a hole that the particle could pass through.

10) Record the width of each particle to the nearest millimeter.  Particles less than 4 mm are recorded as 4 mm. 

11) Record the number of riffle / runs sampled on Form 1.

CHANNEL CROSS SECTIONS / ENTRENCHMENT 

Objectives:
Determine bankfull and wetted widths, width-to-depth ratios, and the entrenchment ratio.

How many measurements:
One cross-section and flood-prone width will be measured within the first four riffle / that meet the following guidelines:

1) The channel is relatively straight and has clearly defined bankfull indicators along at least one streambank. Do not sample a riffle / run if the entire length of the riffle / run occurs at a meander or the bankfull elevation cannot be determined.

2) Make the determination of straight versus meander in the main channel when a side-channel is present.

3) If one of the first 4 riffles / runs does not meet this criteria, use the next upstream riffle / run if available.

4) Only sample riffle / runs that meet these criteria, even if fewer than four are sampled.

5) There are no minimum length criteria for the riffle / run.

Where to take the measurements:
1) Cross-section locations should be chosen at the widest part of the riffle.  Widths should be measured between bankfull elevations with the tape stretched perpendicular to the channel.  If islands are present, the width of the island above the bankfull elevation should be subtracted from the total width of both channels.  

2) Do not sample areas where human / animal crossings or old channels exist, thereby increasing the channel width.

3) Take measurements at the point where one pool ends and the other begins when riffle / runs are not present.  

How to take measurements:

1) The method is described in Harrelson et al. (1994) with a few modifications to fit within our sampling design. 

2) Determine and flag the bankfull elevation on each bank.

3) Stretch the tape perpendicular to the channel between bankfull elevations with the “zero” end of the tape on river left looking downstream.  Make sure the tape is straight and not bowed.

4) Measure and record bankfull width. 

5) Take a minimum of 10 depth measurements starting at bankfull on river left.  Measure the depth from the streambed to the bankfull elevation.  Measurements should be taken at bankfull on both streambanks and at equal distances along the tape with the exact interval calculated by dividing the bankfull width by 10.  The first measurement should be randomly chosen (using the random number table) and located between bankfull on the left bank and the distance of the interval calculated above.  Width measurements should be taken to the nearest 0.05 meters and depth measurements to the nearest centimeter.

6) Record the distance along the tape at bankfull on both banks and the depths as “0”. 

7) Along with the cross-section measurements, record the location and depth at the left and right wetted edges, maximum depth and the riffle number.  The maximum bankfull depth and riffle number are recorded on Form 1.

8) Only measure to the edge of the bank when an undercut exists.  Do not measure beneath the undercut.

9) Islands lower than the bankfull elevation are measured as described above.  For islands higher than bankfull, measure the two channels separately using the techniques described above. Record “island” in comment column.

The flood prone width is also measured at each cross-section.

1) The flood prone width is the width of the channel at twice the maximum bankfull depth as determined during the cross-section measurement.

2) In wide meadows the flood prone width can be very large.  Do not obtain a precise measurement if it is > three times the bankfull width.  Record the measurement as 100.

CHANNEL TRANSECTS

Channel transects define the location for measurements of Bank Angle, Bank Stability, Undercut Depth, Bank Type, Bank Material, and Vegetation Community Type. Transects are located every bankfull width for the entire length of the reach.  For simplicity, the distance between transects is the “width category” used to determine reach length. Chose a random number (k) between 0 and the “width category” value from a random number table.  Establish the first transect (k) meters upstream from the bottom of the reach.  Subsequent transects are placed at regular intervals (one “width category” value) as measured along the thalweg. Flags are placed in both banks.

Measure all variables on both the right and left banks at each transect.  While the streambank is normally easily defined, the following situations may occur. 

Use the following criteria to determine the transect location when a side-channel is present, and it both leaves and re-enters the main-channel within the reach.  

a) Measure the maximum bankfull depth of the side-channel 1 meter down from the upstream end, in the middle, and 1 meter up from the downstream end.  

b) Collect transect measurements on the outside bank of the side-channel if the average of the three depths is > ½ of the average maximum bankfull depth calculated from channel cross-sections.

c) If not, take measurements on the bank of the island associated with the main channel. 

The transect may occur where a side-channel or old channel enters or leaves the main channel, but this channel either began or ended outside the reach. In these situations:

a) Only take measurements if the bank is associated with the main channel.  Otherwise enter 999 for all transect measurements.

b) Newly forming banks at the junction with old channels will be measured if the bank height is > the bankfull elevation. 

c) If the height of the newly formed bank is < the bankfull elevation and the bank behind it is associated with the side-channel, enter 999.

In a few limited situations where a tight meander occurs, the transect may cross a point bar without intersecting the actual bank (located behind the point bar).  Enter 999 in this situation. 

Depositional features such as point bars are considered depositional when perennial vegetation cover is < 50% and streambank when > 50% vegetated.

Bank Angle
Objective: 

Quantify bank angle and the frequency of undercut banks within the reach. 

Equipment: 

Depth rod and Clinometer.

How to take the measurements:
These methods were describe by Platts et al. (1987) and have been more thoroughly defined to increase measurement precision.  Lay the depth rod along the bank and perpendicular to the channel at the exact location of the transect flag.  Place a clinometer along the depth rod and record the angle to the nearest degree.  Undercut depths are measured at the same location to the nearest centimeter.  Remember to place the clinometer exactly on top of the rod and not on the sides.  If the bank is inaccessible at a transect (i.e. dense vegetation or a debris jam), record 999.

The bank angle methodology is complex and describes many different situations.  The process will be easier if you use the following steps at each location before taking measurements. 

1) Define these locations at each flag.

a) The location where the streambed and bank meet -  The streambed is composed of particles that are transported by the stream during high flows.  The bank is normally composed of finer material and is constant with the soil type throughout the riparian area. 

b) Scour line -  Locate the scour line by examining features along the streambank. The ceiling of undercut banks, limit of sod forming vegetation, and limit of perennial vegetation are useful in identifying the scour line. On depositional features such as point bars, the scour line is often defined by the limit of perennial vegetation, or by an indentation in the bar (locally steep area) just above the scour line.

c) Bankfull elevation – Use indicators described on Page 2

d) First flat, depositional feature - This feature defines the upper boundary of the streambank that will be assessed for both bank angle and stability.  Stop the measurement at the first  flat, depositional feature beginning at the bankfull elevation up to twice the bankfull elevation.  If this feature is not present, stop the measurement at twice the bankfull elevation. 

2) Determine whether slumping has occurred and if the slump block is still attached to the streambank. If so, use the rules described for “Non-Undercut Banks (part 8)” to identify the measurement location. 

a. Use the methods for “Undercut Banks” if an undercut is present.

b. If not, use the methods for “Non-Undercut Banks”. Begin by determining the number of angles present. 

Undercut Banks 

If the bank is vertical (90 degrees) or overhanging (< 90 degrees), the bank angle can be read directly from the clinometer.  Measure from underneath the overhang using the following criteria:

1) The undercut must be < 5 cm deep, < 10 cm in height, and <10 cm in width.  

2) Overhanging banks are measured from the deepest point of the undercut up to the ceiling of the overhang.  

3) The horizontal depth of overhanging banks is also measured.  After measuring the angle, leave the end of the rod against the deepest point of the undercut and drop the rod until it is horizontal to the water surface and perpendicular to the stream channel.  Measure the distance from the deepest point to the outer edge of the bank.

4) Occasionally the back of the undercut will be a consistent depth, thereby lacking a deepest point.  Place the depth rod at the highest elevation, resulting in the smallest angle (angle (B)). 

5) Enter the angle as “1 degree” if the deepest part of the undercut is elevationally above the ceiling.  Take the depth measurement with the depth rod horizontal and directly underneath the ceiling.

6) The first five criteria are for typical undercut banks where the ceiling of the overhang is below or equal to the bankfull elevation. In situations with active erosion or cut-banks, the ceiling of the overhang may be above the bankfull elevation.  These banks are measured similar to non-undercut banks.  Place the bottom of the depth rod at the location where the streambed and streambank meet and the top at the outer edge of the bank above the undercut.  Record the undercut depth as 999 when the angle is < 90 degrees.  

7) In some situations, there will be an undercut with a ceiling below bankfull and a second undercut with a ceiling above bankfull.  Measure the lower undercut as described in the first 5 criteria and ignore the upper one.

Non-Undercut Banks 

If the bank slopes away from the streambed, the bank angle is greater than 90 degrees. To obtain the actual angle for these banks, subtract the value on the clinometer from 180 (i.e., the clinometer reading is 30; 180 - 30 = 150).  Measure the angle from the base of the bank (where the streambed and bank meet) up to the first flat, floodplain-like surface located at or above the bankfull elevation but at less than twice the maximum bankfull elevation.  The average maximum bankfull depth from cross-sections is added to the bankfull elevation at each transect to determine the upper limit for bank measurements. 

Streambanks are rarely one continuous angle from the streambed to the first flat, depositional feature. Use the following criteria for more complex banks: 

1) When a bank has more than 1 angle, consider each angle with a vertical height of > 10 cm for the following measurements.  

2) Some banks rise steeply from the streambed and then become less steep near the flat floodplain-like surface (convex).  Measure the angle of the lower portion of the bank if it is taller than the upper portion.  Similarly, measure the angle of the upper portion of the bank if it is taller.  

3) The same concept applies to concave shaped banks. 

4) It is difficult to accurately measure the angle when the bank rises in a stair-step fashion.  Measure the average angle by laying the depth rod along the outer corner of the steps. The bottom of the depth rod will be on the streambed and not where the streambed and bank meet.  A stair-step bank is defined as three or more separate angles with each > 10 cm in vertical height.  This applies to concave, convex, and relatively straight banks.

5) Depositional features are not considered part of the bank.  On un-vegetated depositional features such as point bars, start the measurement at the point where the top of the depositional feature and streambank meet.  

6) Do not measure if the deposition ends at or above the first flat, floodplain-like feature and record 999.  

7) Use the point where the depositional feature becomes > 50% vegetated (perennial species) to define were the deposition ends and bank begins.  

8) Use the rules from bank stability to define the location of bank angle measurements when slump blocks are still attached to the bank.

a) Include the slump block if the bottom of the fracture feature is elevationally above the scour line.

b) Measure the angle of the fracture feature behind the slump block if the bottom of the fracture feature is elevationally equal to or below the scour line.

9) View logs (> 10 cm) and rocks (> 15 cm) as part of the bank if they are embedded within the bank.  If the rock or log is partially embedded, consider it embedded if the bottom of the space between the rock / log and the bank is elevationally above the scour line.  Measure the bank behind the rock / log if the space is elevationally below the scour line (as with slump blocks).  

Bank Stability 

Objective: 

Calculate the percent of the streambank that is stable.

How to take measurements:

The following guidelines define the area of bank to evaluate:

1) This method was described by Bauer and Burton (1993) and Overton et al. (1997).  They have been modified and more thoroughly defined to increase measurement precision.  

2) Streambank stability evaluations should occur when water is at or below the scour line.

3) The stability plot is 30 cm wide (15 cm on each side of the transect flag) and perpendicular to the streambank (not stream channel).

4) The sample area includes the portion of the streambank that is above the scour line and at the steepest angle to the water surface.  The measurement extends up to the first flat, depositional feature located at bankfull or up to twice the bankfull elevation.

5) Unstable features are counted if  > 10 centimeters at the widest point. Use the unstable indicator when two stability classes occur at the same plot.  

6) Hoof prints by themselves are not a sign of instability unless they move the bank by > 10 cm. 

7) Slump blocks that have fractured but are still attached to the bank can be large enough to function as part of the bank.  They may also have a flat, floodplain-like feature at or above bankfull.  They are classified as a fracture feature and evaluated under Part III of the classification key.

8) Do not evaluate the bank as fractured if the bottom of the fracture feature is elevationally above 2 times the bankfull elevation. 

Streambank Cover -Streambank cover is an assessment of the percent of bank protected.  Banks are covered if they show any of the following features:

1) Perennial vegetation ground cover is greater than 50% (Moss is not perennial).

2) Roots of vegetation cover more than 50% of the bank (deep rooted plants such as willows and sedges provide such root cover).

3) At least 50% of the bank surfaces are protected by rocks of cobble size (150 mm) or larger.  

4) At least 50% of the bank surfaces are protected by logs of 10 cm in diameter or larger.  

5) At least 50% of the bank surfaces are protected by a combination of the above.

Stability Classes:

CS - Covered and stable (non-erosional). Stream banks are both covered and stable as defined above.

CU - Covered and unstable (vulnerable). Stream banks are covered but unstable as defined above. These banks are typically observed in meadows where breakdown, slumping, and/or fracturing is present along the bank, yet vegetative cover is abundant.

US - Uncovered and stable (vulnerable). Stream banks are un-covered but stable as defined above. Uncovered, stable banks are typical of banks trampled by concentrations of ungulates. Such trampling flattens the bank so that slumping and breakdown do not occur even though vegetative cover is significantly reduced or eliminated. This class also includes situations where the streambank is not present due to excessive deposition.
UU - Uncovered and unstable (erosional & depositional). Stream banks are not covered or stable as defined above. These comprise the typical bare, eroding stream banks and include all banks at a steep angle to the water surface with little cover.

FB - False Bank. Stream banks have slumped in the past but have been stabilized by vegetation. These banks are usually lower than existing banks and generally provide no cover to fish.

999 - Unclassified. Areas along the bank where side-channels, tributaries, springs, etc. cause an opening. 

Finally, use the classification key to assign a bank stability rating for each transect point.

STREAMBANK STABILITY CLASSIFICATION KEY

Depositional Bank: A streambank with deposition extending above the scour line.
Scour bank: A streambank with no deposition or deposition is below or equal to the elevation of the scour line. 

Scour Line: The lower limit of the streambank observed for this measurement. On undercut banks it is defined as the elevation of the ceiling of the undercut.  On non-undercut scour banks and depositional banks it is defined as the lower limit of perennial vegetation. 

Slump Block: That piece of the bank that is detaching or has detached from the streambank.
Crack: A crack in the streambank (start of a fracture feature), but the slump block has not begun detaching from the bank.

Fractured:  Slump block has at least partially broken from the bank and is separated from its original location by > 10 cm.  
Fracture Feature: The piece of the bank (usually vertical) exposed by the detaching of the Slump Block.
Covered: Perennial vegetation cover is greater than 50%, or roots and root mats cover more than 50% of the bank, or at least 50% of bank consists of rocks > 150mm in size, or at least 50% of bank is covered by LWD > 10 cm in diameter.

I.  Streambank present go to II

    Streambank absent (side channel, tributary, slew) .......................
  

999

II. Streambank = Scour Bank     ............................    
      


     go to III

    Streambank = Depositional Bank

   Bank Covered ......................................................................

CS

   Bank NOT Covered ...................................................................

UU

   Bank Not Present Due to Excessive Deposition............……………….…............. 



US

III. Bank is NOT fractured; or the bank is fractured with the slump block no longer attached to the streambank and is either lying adjacent to the breakage or absent. 

go to IV

     Bank is fractured with the slump block still attached

A.  The bottom of the fracture feature is elevationally below the scour line –


(view only the fracture feature behind the slump block)


Bank not Covered


Bank angle within 10 degrees of vertical............…....
UU


Bank angle not within 10 degrees of vertical ......…

US


Bank Covered.................................................................…………...
CS

B.  The bottom of the fracture feature behind slump block is elevationally above the scour line – (view the bank as the slump block and fracture feature the vertical, exposed bank)


Bank NOT Covered ....................................................…………....
UU


Bank Covered-


Fracture feature NOT covered ....................…….……........
CU


Fracture feature Covered (and re-connected to bank)...…     FB

IV. No crack visible from the scour line up to a point 15 cm behind the top of the bank. 










Go to V

       A crack is visible within this area


Bank is NOT Covered...............................................…………....
UU


Bank Covered ...........................................................………… 
CU

V. Streambank does not display signs of instability; or if a fracture feature is present, the slump block is no longer attached to the streambank

 
Bank not Covered


Bank angle within 10 degrees of vertical......…………….   UU


Bank angle NOT within 10 degrees of vertical. ......…….    US




Bank Covered. ............................................…………….  
CS
Bank Type

Objective: 

Categorize each transect location based on the fluvial processes forming the streambanks. 

How to take the measurements:
Defining the processes that create the streambank condition at each location is integral to understanding bank stability, bank angles, and undercut bank measurements.  Classify the streambanks into one of four categories based on association with erosion or deposits, pool or non-pool habitat units, and the relation to the thalweg.

1) Determine whether the transect lies within a pool or riffle.  Use the same definition described for delineating pools.  All other habitat types are considered “riffles” for this measurement.

2) All measurements in non-pool habitats will be recorded as “R”.

3) All measurements on the outside bend in pools will be recorded as “PO”.  When the pool occurs on a straight stretch of channel, measure from the thalweg to the bankfull elevation on both banks.  The bank closer to the thalweg is “outside” while the bank further from the thalweg is “inside”.

4) Streambanks on the inside of pools are further delineated as erosional or depositional.  Erosional banks have no deposition or the deposition is below the scour line and are classified as “PIE”.  Depositional banks have deposits that extend above the scour line and are classified as “PID”.  

5) If one bank is classified as a pool, the opposite bank must also be a pool.  The same is true for riffles.

Bank Material 

Objective: 

Describe the composition of inorganic bank material.l

How to take the measurements:
1) Bank material will be recorded at each transect and for both banks. 

2) Sample the soil at the scour line and directly in line with the transect flag.

3) Only collect a sample if the material at the scour line is part of the streambank.  Record 999 if it is part of the streambed or a log.  

4) Record the size class of the particle

      1 = < 4 mm unconsolidated

2 = < 4 mm consolidated

3 = 5 to 64 mm

4 = > 64 mm

5 = 999 

5) Use the following method to determine whether the soil is consolidated or unconsolidated.  Remove a 1 cm3 section of soil and squeeze it between the thumb and forefinger.  The sample is consolidated if the soil pushes upward and un-consolidated if it falls downward.

Vegetation Community Type

Objective: 

Describe the vegetation community type at each transect location

How to take the measurements:
The vegetation technician will define the vegetative community at each transect flag using community type descriptions, similar to the greenline data.  The area observed, or plot, is one step by one step.  Center the plot at the flag and elevationally at the start of the first, flat, depositional feature.  This is the same point used to define the top of the sample area for both bank angle and bank stability measurements.  For these microplots use the following community types.

1) Community types in classification keys

2) New community types (with data collected)

3) Bare ground (particles < 15 cm)

4) Logs > 10 cm in diameter at 1/3rd the distance from the base

5) Rocks > 15 cm

Community types for this question only need to have > 5% vegetative cover.  This is different than the definitions of community types for the greenline and riparian cross section methods. 

Estimate the percent vegetative cover and record one of the following categories

1 = 0 to 5% cover

2 = 5 to 25% cover

3 = 25 to 50% cover

4 = 50 to 75% cover

5 = 75 – 95% cover

6 = > 95% cover 

Bankfull Width

Objective:

Estimate the average bankfull width for the reach.

How to take measurements:

Measure the banfull width to the nearest 0.1 meters, perpendicular to the stream channel, at each transect. Use the bankfull elevation defined at previous transects to estimate bankfull at transects without indicators

8.  LARGE WOODY DEBRIS

Objective:  

Quantify the number and size of large woody debris pieces that are present within the bankfull channel.

Where to take measurements:
Measurements will be collected along the entire reach.

How to take measurements:

1) This method was described by Overton et al. (1997).

2) A portion of the stem (main trunk) of each piece must extend into the bankfull channel to be considered.  

3) This includes pieces entirely within the bankfull channel, pieces only partially within the bankfull channel, and “spanners” (single pieces of large woody debris that span the width of the stream).

4) We stress that the piece does not have to be below the banfull elevation but only with the bankfull channel.  

5) Measure the length and diameter of each piece using the depth rod for smaller pieces and the measuring tape for longer pieces.  Include all pieces including those in aggregates. 

6) Each piece must be greater than 1 meter in length and at least 10 cm in diameter one-third of the way up from the base.  

BEDLOAD MATERIAL PARTICLE SIZE DISTRIBUTION

Objective

To indirectly determine the particle size distribution of bed load material.

How many measurements

Four separate sub-samples are collected and combined from one bar.

Where to take measurements

Bar material is collected within the largest recently active bar (un-vegetated).  Samples can be collected from point bars, mid-channel bars, or bars located below obstructions. Enter one of these three bar types into the datalogger using the pull-down menu.  Do not sample deposits located upstream of an obstruction. It is easiest to take samples from dry/exposed areas, yet it may be necessary to collect samples from wet/submerged areas.  The height of the bucket dictates the maximum sample depth in water.

Do not collect samples if active bars or other alluvial deposits are not present.

How to take measurements

1) Select the largest bar (estimate of volume) within the sample reach.

2) Stretch the measuring tape down the center of bar to measure the longest axis.  Keep the tape in place and visually divide the bar into 3 equal segments.  Two sub-samples are collected from the widest of the three segments.  One sub-sample is collected from each of the remaining segments.  Sub-samples from the two narrowest segments are collected along the centerline and in the middle of the segment.  Sub-samples from the widest segment are collected half way from the centerline to the edge of the bar on both sides.

3) Only collect samples from un-vegetated (perennial species) deposits (< 50% cover).  This may require locating one or more of the sub-samples slightly off the centerline to avoid collecting material from anything other than a depositional feature.

4) Describe the height of the bar by measuring the distance from the highest point to banfull.  Record as a positive number if the bar is below bankfull and a negative number if it is above bankfull.  

5) Collect materials by placing a bucket with no base over each of the four sub-sample locations, and pushing down on bucket to secure in place.  Using your hands or small shovel, remove and discard the surface layer to a depth of 2 cm or equal to the b-axis of the largest surface particle in the bucket, whichever is larger.  Remove all subsurface material within the circumference of the bucket to a depth of at least 10 cm or equal to the b-axis of the largest particle, and place in a clean bucket.  Repeat for each of the four sub-samples for a total combined sample.

6) Bring a 50 mm, 32 mm, and 16 mm sieve to site.  Wet sieve the entire sample by stacking the sieves and shaking until the sample is properly sorted.  Place the tarp under the sieves to capture any spilled particles. Record the b-axis and weight of the largest particle.  Then record the total weight of all particles in the 50 mm (including the largest particle), 32 mm, and 16 mm sieves. Weigh the remaining particles (< 16 mm) and record weight in the datalogger. Then spread the sample on a tarp, mix thoroughly, and divide it into four equal sections (by volume).  Randomly choose one section, weigh it, and place in a Ziplock bag.  The remaining three sections of substrate placed back in the hole.  

Put a second bag around the first, attach a label on the outside of each bag, and place another inside.  Write the Reach ID on the bag with a permanent marker. material < 16 mm.  Place the tarp under the sieves to collect spilled material. 

SITE DESCRIPTION MEASUREMENTS

Sinuosity

Sinuosity is a measure of how much the stream channel meanders within the valley bottom.  It is calculated as the length of the stream channel along the thalweg divided by the straight line distance between the top and bottom of the sample reach.  Measure the straight-line distance from the points where the thalweg crosses the top and bottom of the reach and record as “valley length”.  

Reach Gradient


Stream gradient is measured from the water surface at the downstream end of the reach to the water surface at the upstream end (pool-tail to pool-tail).  Measure the elevation change twice, with the level at a different position each time and record to the nearest centimeter.  Record the average if the two measurements are within 10% of each other.  If not, take a third measurement and average it with one of the originals.

Reach Location  

Use the global positioning system (GPS) to record the UTM easting, northing, and zone at the upstream and downstream end of each reach with a GPS receiver.  Turn the GPS on at least 5 minutes before recording the location.  Take two readings at each point at least 1-hour apart and then average the results from each location.

Site Description  

Draw the site map to scale (relatively) and strive for clean and simple drawings.  Show the stream channel extending at least 10 meters above and below the reach boundaries; locations of shrubs and trees, LWD, bars, islands, and beaver ponds; location of the hill slopes, roads, fences, tributaries, etc.; and a legend that describes the drawing.  

Photographs
Take at least 12 pictures at each reach:

1) At both the upper and lower ends of the reach, take one picture looking upstream and one looking downstream for a total of 4 pictures.  Be sensitive to shading and obstructions that may obscure the photograph

2) Take two pictures that best describe the stream channel.  Try to include pool and/or riffle habitat units, substrate, and banks.  Take three photos from positions that best represent the riparian area within the reach.  They should include the different vegetation communities, width and topography of the flood plain, and if possible the shape of the valley floor. 

3) One photo should show the entire reach including both the stream and riparian area.

4) This leaves two pictures per reach.  Take additional pictures of interesting or unique things such as banks, plant community types, different habitat types, sampling methods, and each other.

Stand back to include the starting point of interest in each photo.  Pictures should be taken between the hours of 10:00 a.m. and 4:00 p.m to help insure proper lighting.  Take pictures with the sun at your back and not looking directly into the sun.  Try to minimize photographs where part of the frame is in shadows and part in the sun.  Make sure that you record the Reach ID, date, picture number, and a description of every picture on the data forms.

VEGETATION SAMPLING

Riparian vegetation within each sample reach is assessed using four methods: 1) greenline, 2) riparian cross-section, 3) effective ground cover, and 4) woody plant counts.  The greenline and riparian cross-section methods classify the riparian vegetation according to community types or plant associations.  Effective ground cover measures the amount and general categories of ground cover.  Woody plant counts estimate the number of woody individuals in different age classes.  These methods are explained in detail below.

Steps are used to determine the extent of community types for the greenline and riparian cross-section methods.  Each data collector determines the number of steps it takes to walk 110 meters.  Use a tape to measure 110 m in a field or meadow and place a marker at each end.  Walk the distance with a normal pace, periodically stopping and bending over to mimic normal data collection behavior.  Do this at least 5 times and record the average number of steps per 110 meters.  

WHAT TO DO AT EACH SITE:

The following list outlines the order of things to do at each site, and the rest of this document explains these items in detail:  


1. Determine which vegetation classification to use

2. Identify the dominant plants (with field guides) and community types (with vegetation classification)

3. Establish and flag the sample area

4. Greenline data collection

5. Riparian cross-section data collection

6. Effective ground cover data collection (in conjuction with riparian cross-sections)

7. Measure the width from the stream to the end of one cross-section

8. Woody regeneration data collection

9. Plant communities at stream transects (with stream technicians)

10. Enter data in data-logger

PLANT COMMUNITIES AND ASSOCIATIONS
Riparian vegetation classifications have been developed based on data from multiple riparian sites that have similar, repeating assemblages of species.  A "community type" or “plant association” represents communities that have similar, but not necessarily identical, species composition in both the overstory and understory.  Riparian community type classifications have been developed for many portions of the Western United States and it is important that the correct classification be used for each region.  The data collector should be familiar with the classification and its dichotomous key before collecting data at a site.  Record the name of the classification guide on the data-forms and in the data-loggers. We use the following riparian vegetation classifications within the Upper Columbia Basin:

RIPARIAN VEGETATION CLASSIFICATIONS

AUTHORS
CODE
RIPARIAN VEGETATION CLASSIFICATION

Kovalchik
KOV-WA
Classification and Management of Eastern Washington’s Riparian and Wetland Sites

Hansen, Pfister, Boggs, Cook Joy & Hinckley
HANSEN
Classification and Management of Montana’s Riparian and Wetland Sites

Crowe & Clausnitzer
CROWE
Mid-Montane Wetland Plant Associations of the Malheur, Umatilla and Wallowa-Whitman National Forests

Manning & Padgett
MANNING
Riparian Community Type Classification for Humboldt and Toiyabe National Forests, Nevada and Eastern California

Youngblood, Padgett & Winward
YOUNGBLOOD
Riparian Community Type Classification of Eastern Idaho – Western Wyoming

Padgett, Youngblood & Winward
PADGETT
Riparian Community Type Classification of Utah and Southeastern Idaho

Kovalchik
KOV-OR
Riparian Zone Associations: Deschutes, Ochoco, Fremont, and Winema National Forests

WHICH CLASSIFICATION TO USE BY LOCATION

(subject to revision)

Crew  Base State 
Forest / BLM
State
District / Field Office
Principal Riparian Vegetation Classification to Use
Other Riparian Vegetation Classifications that may be helpful

 
Deschutes
OR
 
KovOR
 

 
Ochoco
OR
 
KovOR
 

 
Malheur
OR
 
Crowe
 

 
Umatilla
OR
 
Crowe
 

OR
Wallowa-Whitman
OR
 
Crowe
 

 
Okanogan
WA
 
KovWA
 

 
Colville
WA
 
KovWA
 

 
BLM Oregon-Washington
OR
Prineville
Crowe
KovOR

 
 
WA
Wenatchee
KovWA
 

 
Nez Perce
ID
 
Hansen
Padgett, Youngblood, Crowe

 
Payette
ID
McCall - Krassil
Padgett
Youngblood

 
 
 
New Meadows
Padgett
Youngblood, Crowe

 
 
 
Council
Crowe
Padgett, Youngblood

 
 
 
Weiser
Crowe
Padgett, Youngblood

 
Boise
ID
Emmett
Crowe
Padgett, Youngblood

ID
 
 
Others
Padgett
Youngblood

 
Salmon-Challis
ID
 
Padgett
Youngblood

 
Sawtooth
ID
Southern
Manning
Padgett, Youngblood

 
 
 
Northern
Padgett
Youngblood

 
Humboldt-Toiyabe
NV
 
Manning
 

 
BLM Idaho
ID
Salmon 
Padgett
Youngblood

 
 
 
Challis 
Padgett
Youngblood, Manning

 
 
 
Cottonwood
Padgett
Crowe, Youngblood

 
Idaho Panhandle
ID
 
Hansen
KovWA

 
Clearwater
ID
 
Hansen
KovWA

 
Flathead
MT
 
Hansen
 

 
Kootenai
MT
 
Hansen
 

MT
Lolo
MT
 
Hansen
 

 
Beaverhead-Deerlodge
MT
 
Hansen
 

 
Helena
MT
 
Hansen
 

 
Bitterroot
MT
 
Hansen
 

 
BLM Montana
MT
Missoula
Hansen
 

NEW (UNDESCRIBED) COMMUNITIES

Undescribed communities will occasionally be encountered.  Use the following rules in this situation:

1) Review the community type descriptions again to determine if the vegetation fits a named community type.  The descriptions give the average cover and constancy (how often the species was found in the communities that defined the type) for each species in that community.  It is important that this information is thoroughly reviewed so that existing community types are not given different names. 

2) Lump the unknown community with the adjacent community type if it occupies two or fewer steps.

3) If the previous two rules do not determine the community type, then record the number of steps and name it “new1”, “new2”, etc. in the order encountered at a reach.  For each new community, species cover data will be collected at three plots (identified as “a”, “b”, and “c”) using the form “New Community Species Data.”   In the data-logger enter new communities encountered along the greenline as GL1, GL2, etc. and new communities along cross-sections as XS1, XS2, etc.  At each begin the numbering at “1.”  For each plot begin ordering with “a.”  To determine where the data collection plots will be divide the distance of the new community by 4 and collect data at that number of step intervals, ignoring the starting and ending points because they are transition zones between communities.  If this community is encountered again at this stream then the new# name can be used again without having to collect more species data (unless different species are observed).  For new communities collect a specimen of the most abundant species (in biomass) within the new community (see instructions for specimen collection below).  

NOTE 1:  You should document few "new" communities because the classifications include most plant communities.  Talk to other vegetation technicians or Forest Service ecologists about the “new” communities to see if they have observed similar communities, or whether they might fit within existing classifications.  

NOTE 2:  Describing new communities is a difficult process, so if possible you should avoid it by “fitting” the vegetation in an existing community type (in other words someone else has already done the detailed species work for you).

Not all species in the community type will be present in every community that fits within that community type.  If the suite of species at a site are similar to a described community type but the cover of those species seems very different, still use that community type, and just make a note of the major differences on the data sheet and in the comment line of the data-logger.

ESTABLISHING THE SAMPLE AREA

The downstream end of the reach is identified according to the “Channel Protocol” used by the stream crew (in other words you do not need to worry about it).  The greenline sampling area begins at the downstream end of the reach and continues 110 m upstream.  Step the 110 m along the right bank (when facing downstream) and place yellow flags at the number of steps that correspond to 0, 27.5, 55, 82.5, and 110 m.  Divide the total number of steps-per-110 m by four to determine this interval.  These flags identify the locations of the five riparian cross-sections, as well as the extent of the sampling area for the greenline and woody regeneration data collection.  Vegetation flags should be one color (yellow), which is a different color than flags used by the stream technicians. Place the flags on one side (right bank whenever possible) of the stream only.

GREENLINE

Objectives:  

1) Estimate the percent cover of community types adjacent to the stream.

2) Quantify ratings for successional status, bank stability, and/or wetland status based on the community types.

3) Estimate the percent cover of woody species adjacent to the stream.

Where to collect data:  

Begin at the top of the greenline sampling area on the right bank. Walk downstream and record the community types adjacent to the stream for each step.  Continue to the downstream end of the reach. There will be multiple flags there since that is also the bottom of the reach for the stream crew.  Cross the stream perpendicular to the channel and record community types while walking upstream along the left bank.  Stop when perpendicular to the starting flag on the opposite bank.  It does not matter that there are a different number of steps on each side.  Also note that the upstream end of the greenline sampling area will probably not correspond to the top of the stream crew’s upstream end point.

Defining the greenline:

a) The greenline is the first line of perennial vegetation adjacent to the stream channel and is 0.3 m (1 foot) wide. 

b) The greenline may correspond to the bankfull elevation near the water's edge.  Early in the season the greenline may be partially submerged, while later in the summer the greenline may be some distance from the stream.  Do not consider bare or un-vegetated ground between the greenline and the water.  When banks are eroding or when a stream becomes entrenched, the greenline may be located well above the bankfull elevation and consist of upland plants. In this case it is necessary to record upland communities along the greenline because they are the first perennial vegetation adjacent to the stream.  Record the upland vegetation as a “new” community once at a site, and in the new plot section record the dominant species and their cover.

c) On depositional features or along the water's edge there may be annual or perennial "colonizer species" that should not be included in the greenline data.  Often colonizer plants are scattered at a relatively low percent cover, so even if you did not know the species you would not consider it as the greenline. Commonly observed colonizing species, to avoid in greenline data collection, include: 

· Catabrosia aquatica (brookgrass)

· Cardamine spp. (bittercress)

· Mentha arvensis (field mint)

· Mimulus guttatus (yellow monkey-flower)

· Veronica americana (American speedwel)

· Alopecurus aequalis (shortawn foxtail) & Alopecurus geniculatus (water foxtail)

· Equisetum spp (horsetail) when by itself, without other species. 
How to collect data:

1. A modification of the line-intercept method is used to collect data.  The number of steps in each community type is tallied.

2. Greenline community types are determined at the scale of each step (0.3 m or 1 foot wide by 1 step) which is different than for the riparian cross-sections.

3. For each step, first look up to see if there is an overstory that will lead you through the classification key.  If the canopy hangs over the greenline then it is considered part of the community at that step. 

4. When the keys ask for the dominant overstory species, they generally refer to the most abundant species.  That generally means at least 25% cover or whatever the key describes.  In some cases the “plant association” keys will make determinations based on the presence of a late successional species (like Abies lasiocarpa) even if it is not the dominant overstory species.

5. Record the number of steps for each community type as you walk the greenline.  

6. Scattered plants with < 25% cover often occur on depositional features and are not considered part of the greenline.  

7. Any "fragment" of a community less than two steps in length is not recorded.  Instead the fragment is tallied with the adjacent steps.

8. Always sample the banks of the main channel.  This can be difficult to define when an old channel, island, vegetated bar, or peninsula is present.  For clarification, a peninsula becomes an island when it is no longer connected by a strip of vegetation with at least 25% cover and > 0.3 m (1 foot) in width.

9. Record only community types described in the classification guides, or new communties for which you collect species data.  Do not record any physical features as greenline data.  You can note them in the comment lines.

10. When encountering an obstacle such as a bush or tree, sidestep the object and tally only the forward steps .  At some locations it may be easier to walk in the stream.

RIPARIAN CROSS-SECTIONS 

Objective:  

1) Estimate the percent cover of community types throughout the riparian area.  

2) Quantify the degree of disturbance (natural and human) and wetland rating based on the different community types present in the riparian area.

Where to collect data:

Five riparian cross-sections are sampled within each reach.  The first and last cross-sections correspond to the top and bottom of the greenline sampling area, respectively.  Cross-sections 2, 3, and 4 are located at 1/4, 1/2, and 3/4 of the distance between cross-sections 1 and 5, as determined by the greenline area.  The riparian cross-section extends across the riparian area perpendicular to the valley bottom, not necessarily perpendicular to the stream. 

Direction of the cross-sections:

The riparian cross-section forms a continuous line across the riparian area.  Use a compass to determine the direction of the valley bottom at the sample reach.  Add 90 degrees to that bearing and align the compass spindle to the new bearing.  Use this bearing for all five cross-sections and record it on the data sheet.  Always begin at, and include, the greenline and walk toward the edge of the riparian area in the direction of the compass bearing.  Then walk back to the greenline, cross the channel, and continue the cross-section in the opposite direction of the compass bearing until the riparian vegetation ends.  

How to collect data:

1) A modification of the line-intercept method is used to collect data.  The number of steps is recorded for each community type, as with the greenline method.  Look at a larger spatial scale than used for the greenline to assign community types for cross-sections.  Consider the vegetation in an area approximately 50m2 and look for boundaries between different communities.  There may be only one community or there may be several.  There should not be a different community type for each step (that is too small of a scale).  This is especially important when plants are scattered, such as willows, conifers or shrubs.  Mentally draw a boundary line between the different communities.  A lone individual plant would not determine the community type, because one individual does not make a community.  

2) Include the greenline vegetation in the cross-section, but do not record any data inside the greenline, between the greenline and stream.  

3) A cross-section may cross the stream numerous times if the channel is very sinuous.

4) Cross-sections may also be close together if the channel is very sinuous, however, they should not cross since they use the same bearing and are therefore parallel.  

5) If the vegetation is not riparian in the cross-section then record just one step on each side of the stream and record the dominant species in that community (Artemisia tridentata, Juniperus ostersperma, etc.)

6) Each cross-section extends the width of the riparian zone up to a maximum distance of 27.5 m on each side of the stream.  Stop recording community type data at 27.5 m, even when the riparian area continues and estimate the additional distance of the riparian area using the following categories: 

0  = 
riparian area ends before 27.5 m are stepped;

1  =
additional distance is < distance walked (less than the 27.5 m); 

2  = 
additional distance is 1x to 2x the distance walked (27.5 m to 55 m);

3  =
additional distance is 2x to 4x distance walked (55 m to 110 m); or

4  =
additional distance is > 4x distance walked (more than 110 m).

Defining the Edge of the Riparian Area:

If the riparian area is less than 27.5 m wide, it will be necessary to determine exactly where the riparian area ends (otherwise just estimate the additional distance as indicated above).  This study defines the edge of the riparian area as point where the vegetation changes from riparian communities (plants that require moist conditions to survive) to upland communities (plants that survive with moisture from precipitation).  Use the community type classification to determine the edge of the riparian area, based on the presence and percent cover of riparian species.  Riparian species normally decrease in percent cover as one approaches the edge of the riparian area.  The point where they become less than 25% (or what the key requires) will be the edge of the riparian zone.  There may be riparian species outside of the riparian zone but they will be at a low percent cover.  Other clues to determine the edge of the riparian area:

a) Generally the presence of multiple riparian species together indicates that it is still riparian.  

b) Changes in landform generally correspond to a change in the groundwater depth and therefore a change in soil moisture.  Such changes in elevation and slope will affect vegetation and often correspond to the edge of the riparian area.  

c) There are some species that occur often in the transition zone between riparian and upland areas.  Consult regional classifications and guides to determine what those indicator species are in each area.  Some of these transition species, depending on the region, include: 


· Potentilla fruticosa (shrubby cinquefoil)

· Artemisia cana (silver sagebrush)

· Populus tremuloides (quaking aspen)

Remember the following when determining the riparian/upland delineation:

· Some species are rhizomatous and can spread underground from the riparian zone into the upland zone, while still being connected to the riparian area where there is water.  These species include:  Juncus balticus (baltic rush) and Equisetum species (horsetail) among others.  Use the classification to determine if the percent cover is high enough to consider it riparian.

· Riparian species may grow outside of the riparian area because of a seep, another drainage, or water concentration along a road.  Do not include those plants when they are not a part of the riparian area being sampled.

· Use caution with “facultative” wetland species such as Poa pratensis, which are capable of growing in both dry and wet conditions. 

Measuring the width of the riparian area:

One cross-section is randomly chosen at each reach, and the width from the stream to the edge of the cross-section is measured.  Flag the end of each cross-section on valley right as the data are collected.  This will either be the edge of the riparian area or approximately 27.5 m if the riparian area is wider than 27.5 m.  When all cross-sections are completed, randomly choose one cross-section (1 - 5) and measure the actual distance from the stream to the end of that cross-section using a tape measure. If the selected cross-section is too brushy to run the tape then choose another cross-section. If none of the cross-sections are measurable then do not take a measurement at that reach.  Use the result from this measurement to re-calibrate your ratio of steps per 27.5 meters.

EFFECTIVE GROUND COVER

Objective:  

Estimate the percent bare ground within the riparian area. 

Where / how to collect data:

This parameter will be measured in conjunction with each of the five riparian cross-sections.  

How to collect data:

1) Collect ground cover data while returning to the stream along each cross-section.  

2) Collect data for each step.

3) The area considered is a 2 cm circle (size of a quarter) located directly in front of the technician’s big toe. 

4) Record the point as bare ground if greater than 50% of the area is bare ground (ie: less than 50% of the area is covered by plants, plant litter or rock).

5) The point is considered covered if one or a combination of the following categories comprise greater than 50% of the area.  Record the cover category that is dominant. 

a. Live Vegetation: herbaceous vegetation, shrubs, or trees with branches less than one meter over the ground.  Branches over 1 m are not considered as vegetation cover for this data.  Bare ground under a tree with canopy above one meter would be considered bare ground, except for the trunk area.

b. Litter:  dead plant material such as matted grasses, leaves, twigs, branches, etc.

c. Rock: rocks  greater than 25 mm.

d. Ponded water: stagnant water with less than 25% vegetative cover.

WOODY REGENERATION 

Objective: 

Estimate the ratio of individuals in different age classes of shrubs and trees to determine how much regeneration is taking place.  

Where to collect data:

Collect woody regeneration data along the length of the greenline (110 m) on both sides of the stream. 

How to collect data:

1) Identify plants rooted within one meter of either side of the greenline.  Carry a 2 meter long pole, centered over the edge of the greenline to define the sample area. 

2) Do not count individuals with overhanging branches that are not rooted within one meter of the greenline. 

3) Record the age class and species of each woody individual. 

4) In narrow streams (less than one meter wide) do not count plants located on the opposite bank. 

5) Some species will not be counted because of our inability to age them.  They are often colonial or rhizomatous and form a dense stand.  These species include:  Salix wolfii, Salix planifolia, Salix commutata, Salix eastwoodiae, Cornus sericea, Betula glandulosa, and species of Vaccinium, Symphoricarpos, Spireaea, Phyllodoce, and Arctostaphylos, among others.  
Woody species require different methods to estimate their age depending on whether they produce many basal stems or just one stem (or a few).  For multiple stemmed species consider stems rooted more than 12 inches apart at the ground as separate plants and use Table 1 below to estimate their age.  Multiple-stemmed species include most species of Salix, Ribes, Rosa, etc.

 The following species tend to grow as single-stemmed individuals: Betula occidentalis, Prunus virgiana, and species of Alnus, Populus, Pinus, Picea, Abies, and Crataegus.  Use Table 2 to estimate the age of each single-stemmed woody individual.  If possible, look at nearby individuals of the same species to compare the size of mature to young.  The height listed in meters is only a rough guideline.

Some species could be counted either as multi-stemmed or single-stemmed individuals such as: Betula spp, Alnus spp., and others.  Using either table should give the same results.  

PLANT COMMUNITIES AT STREAM TRANSECTS

Objective: 

Collect data about vegetation at each transect in order to relate the vegetation to the stream-bank data collected at the same locations.

How to take the measurements:
The vegetation technician will define the plant community at each stream transect flag using community type descriptions, similar to the greenline data.  The observed area, or plot, is one step by one step.  Center the plot at the point where the stream technician indicates (where the streambank begins to flatten at the first flat, floodplain like feature).  For these micro-plots there are the following options: 

· community types in classifications

· new communities (with data collected)

· bare ground 

· log

· gravel

Note:  bare ground, log, and gravel are only options for this method and not for greenline and riparian cross-sections.

Estimate the percent vegetative cover and record one of the following cover classes:


1 = 0 to 5% cover

2 = 5 to 25% cover

3 = 25 to 50% cover

4 = 50 to 75% cover

5 = 75 to 95 % cover

6 = > 100% cover 

Task c – Statistical Analysis will follow a stepwise approach.


Step 1 – General description of habitats value found within chinook spawning areas.  Means of all attributes collected will be displayed.


Step 2 – These values will be compared to values in the larger data set that is collected randomly throughout the Upper Columbia River Basin.  Statistical comparisons will be based on t-test.  Because many variables within the data set are likely correlated, it is likely data reduction methods will be utilized.


Step 3 – If habitat values differ between known chinook salmon spawning and rearing sites and randomly collected habitat attributes within the subbasin a logistic model will be built to explain habitat differences.  A second approach for data reduction may be to rely CATDAT (Peterson et al 1999).  The goal of data analysis be tools that permit discrimination between habitat characteristics of streams with chinook and those which don’t have chinook
g. Facilities and equipment
The Fish and Aquatic Ecology Unit of the USDA Forest Service and Utah State University have been planning and implementing a large-scale  aquatic habitat monitoring program for the last three years so are capable of implementing this effort if funded.  All vehicles for crews will be rented. Camping facilities for crews are located on Forest Service Lands through the Salmon Subwatershed. Office space and computers are available at the Rocky Mountain Research Station (Logan UT) and Utah State Univeristy (Logan UT). 

Additional necessary equipment (GPS systems, camera, wading eqipment) would be purchased with funds allocated to meet objective 1. 
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