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ABSTRACT
This report summarizes monitoring data collected within the Meadow Creek watershed from 2003-2005 to determine the rate of recovery of impacted watersheds from past management practices. The Meadow Creek watershed has long been influenced by timber harvest, road building and associated stream crossings, as well as livestock grazing. Since 1997, the Nez Perce Tribe Department of Fisheries Resources Management, Watershed Division has taken an active role in the restoration of streams impacted by these activities. Restoration projects to date include the construction of livestock fencing exclosures, replanting of riparian vegetation, obliteration of abandoned roads, and the replacement of culverts that were barriers to fish passage. The monitoring variables surveyed provide data to facilitate the assessment of current stream conditions, as well as the degree of change that streams have experienced since restoration was implemented. Stream health is determined by comparing survey results to established standards, with the objective of returning the impacted watershed to a naturally diverse and stable system and restoring populations of spring Chinook salmon (Oncorhynchus tshawytscha), steelhead (Oncorhynchus mykiss), westslope cutthroat trout (Oncorhyncbus clarki lewisi) and bull trout (Salvelinus confluentus) to the watershed.
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INTRODUCTION

The overall goal of this project is to restore the physical and biological characteristics of watersheds through protecting critical riparian habitat from the detrimental effects of management activities. This goal will assist in the restoration of spring Chinook, steelhead trout, westslope cutthroat trout and bull trout populations.

Primary objectives for accomplishing the broad goal of ecosystem restoration include widespread restoration of conditions that affect the habitat of fish and macroinvertebrates (Table 1). Restoration of these conditions includes re-establishing native vegetation, road decommissioning, culvert inventories and upgrades, eliminating noxious weeds, and restoring the natural channel pattern and bank morphology. Restoration of these factors to a stable and natural condition will in turn reduce excessive temperatures, improve habitat conditions such as pool quality and bank stability, reduce excessive in-stream sediment, and improve fish passage.

These improvements should subsequently accomplish the secondary objectives of enhancing growth, reproduction, and survival of the fish and amphibians in the watershed. Improvement of these conditions should result in increased suitable spawning area, improved substrate and thermal conditions required for egg to fry survival, and improved growth and survival of juvenile and adult fish and amphibians. As objectives are met at the watershed scale, the secondary objectives should be accomplished with time.

The Nez Perce Tribe and Nez Perce National Forest have developed an impressive model for responsibly caring for lands within the Tribe’s traditional territory, sharing objectives for healthy sustainable habitat. The cooperative effort of these two parties results in restoration improvements that benefit the land and the people who use it.

Monitoring key variables in the ecosystem is a necessary and expensive part of the restoration effort.  Monitoring is necessary to ensure that restoration methods are accomplishing the desired objectives. If objectives are not being met, then restoration methods can change through adaptive management.

Sampling frequency will reflect the response time that each monitoring variable exhibits.  High intensity monitoring of slow response variables, such as channel profile surveys, will be completed every five years.  Low intensity monitoring of quick response variables, including temperature and discharge sampling and noxious weed surveys, will be completed on a continuous or annual basis.  Several monitoring tasks will be measured with moderate intensity and frequency, such as cobble embeddedness and streambed composition surveys. 

Results from the following monitoring activities will show whether current restoration efforts are improving habitat conditions or if a more active restoration approach should evolve.
Monitoring reaches were selected to reflect stream conditions throughout the longitudinal extent of a sub-basin, basin, or watershed. A minimum of three reaches were established to monitor stream conditions at the headwaters, mid-point, and mouth of a watershed. Each reach was established at a length of 20 bankfull widths, with a minimum length of 300 feet. Right and left banks were determined while looking downstream. 

To ensure that high-water levels did not impede monitoring activities, monitoring of measurement variables were performed after water levels reached base flows. This also ensured that monitoring occurred after any flood-induced changes to the environment had occurred.

Analysis of the monitoring data involved looking for trends over time, as well as determining whether the habitat objectives are being met.  Therefore regression analysis was performed for the range of variables whenever possible.  We tested the null hypotheses that there was no trend over time (the slope was not significantly different from zero).  Analysis was performed on the designated reaches within the Meadow Creek watershed.

Electronic storage of all the data in an organized manner is extremely important.  All data collected under this BPA project (# 199607705) is stored by the Nez Perce Tribe Fisheries/Watershed Department and StreamNet.org. It will be reported to Bonneville Power Administration and shared with the Nez Perce National Forest.
Table 1.  Conditions affecting the habitat of fish and macroinvertebrates.

	Sampling Variables
	Response Time
	Monitoring Frequency
	Goals

	Water Temperature
	Slow
	Continuous
	Improve thermal conditions 

	Flow Stage and Discharge
	Quick
	Continuous
	Evaluate changes in flow regime

	Photo Points
	Slow
	Every five years
	Evaluate changes in vegetation and channel morphology

	Riparian Vegetation 
	Slow
	One year following revegetation, then every five years
	Re-establish native vegetation to provide bank stability, shade, and cover

	Large Woody Debris
	Slow
	Every five years
	Improve habitat conditions for salmonid growth and survival, provide bank stability

	Bed Material Composition
	Moderate
	Every three years, and after a 5-year flow event
	Improve substrate conditions for salmonid spawning and winter rearing

	Cobble Embeddedness
	Moderate
	Every three years, and after a 5-year flow event
	Improve substrate conditions for salmonid spawning and egg/fry survival

	Surface Fines
	Quick
	Annual
	Improve substrate conditions for salmonid spawning and egg/fry survival

	Bank Stability
	Slow
	Every five years, and after a 5-year flow event
	Improve habitat conditions for salmonid growth and survival, ensure habitat stability

	Channel Profile
	Slow
	Every five years
	Restore channel pattern and bank morphology to stable conditions

	Macroinvertibrates
	Quick
	Annual
	Improve macroinvertibrate densities and composition

	Salmonid Densities
	Quick
	Annual
	Improve density and growth of anadromous salmonids


SITE DESCRIPTION
Heavy grazing has negatively impacted the McComas Meadows reach of Meadow Creek since the early 1900's.  McComas Meadows was under private ownership until 1991, when the Forest Service acquired the meadow through a land trade with private landowners.  After over 70 years of intense grazing, livestock grazing was excluded from the meadow in 1992. Grazing has impacted the riparian zone of Meadow Creek in terms of hoof shear and vegetation removal resulting in a lack of vegetation for bank protection and silt filtering, increasing Meadow Creek’s susceptibility to lateral and vertical movement. This vegetation removal has resulted in a lack of bank protection, loss of silt filtering capabilities, increased temperatures, and other impacts on riparian system functions.  Meadow Creek is experiencing lateral and vertical migrations as the banks continue to slump and erode.  Unstable banks within McComas Meadows continue to slump and erode.  

In 1991, a 10-degree increase in maximum daily water temperature and a 5-degree increase in average daily temperature was experienced as water entering the meadow was compared to water leaving the meadow (Unpublished data, NPT, 1991).  In addition to grazing impacts, the remainder of the drainage may also be experiencing increased water yield and sediment inputs associated with high road densities (4.4 miles per square mile). 
Since 1991, the U.S. Forest Service and the Nez Perce Tribe have taken a passive approach to restoration within McComas Meadows.  This passive approach has included fencing the meadow to exclude cattle grazing, and limited riparian re-vegetation. In 1997, dilapidated sections of fence were replaced by the Nez Perce Tribe under this BPA project. 
Meadow Creek is considered to have high habitat potential for steelhead trout (Oncorhynchus mykiss) and westslope cutthroat trout (Oncorhynchus clarki lewisi), as well as moderate potential for spring Chinook salmon (Oncorhynchus tshawytscha) and bull trout (Salvelinus confluentus)(USDA 1995). Snorkel surveys in 1999 indicate strong populations of brook trout (Salvelinus fontinalis) and cutthroat trout (Oncorhynchus clarki), with the presence of Chinook salmon smolts (Unpublished data, NPT, 1999).  Chinook salmon and steelhead trout have been out-planted to Meadow Creek by the Nez Perce Tribal Hatchery throughout the past ten years.

Major tributaries to Meadow Creek include North Meadow Creek, Swan Creek, and Doe Creek.  Historically, Meadow Creek supported steelhead trout, westslope cutthroat trout and spring Chinook.  Cutthroat trout are still well established in the creek, but steelhead, Chinook, and rainbow trout are only present in limited numbers (NPNF, 1998).  Steelhead and bull trout are listed under the Endangered Species Act as threatened species.
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Figure 1. Site map of Meadow Creek watershed.

Summary of Fisheries and Watershed Rehabilitation to Date 

1986
· BPA funded the removal of fish barriers at the mouth of Meadow Creek, presumably caused  by landslides
1991

· McComas Meadows acquired by the Forest Service
1992

· The Nez Perce Tribe (NPT) and Nez Perce National Forest (NPNF) began extensive baseline monitoring of channel morphology, substrate, ground and aerial photography/videography, fish and amphibian densities, redd counts, riparian regeneration, and water temperatures.
1993

· Repaired fencing to exclude cattle from Meadow Creek

1994

· Minimal re-vegetation by the U.S. Forest Service

1996

· Salmon Corps (funded by BPA) removed excessive and dilapidated fences

1997

· Both the NPNF and NPT applied for, and received, BPA funding for the rehabilitation of Meadow Creek

· NPT constructed a fencing exclosure to exclude cattle from McComas Meadows

1998

· NPT installed piezometers within McComas Meadows

· Conducted annual fence maintenance
1999

· NPT installed stream gauging station at Camp 58 Bridge

· Stewardship Proposal submitted and accepted as pilot project through U.S. Forest Service
· Conducted annual fence maintenance
2000

· Planted riparian vegetation  (>1,200 plants) within McComas Meadows

· The NPT and NPNF conducted repeat monitoring of channel morphology, substrate, ground and aerial photography/videography, fish and amphibian densities, redd counts, riparian regeneration, and water temperatures.
· Conducted annual fence maintenance

2001

· Re-aligned Swede Creek with natural channel location

· Planted riparian vegetation (>5,000) within McComas Meadows

· Conducted annual fence maintenance

· Conducted monitoring of water temperatures and stream gauging station within McComas Meadows

2002

· Planted riparian vegetation (>3,000) within McComas Meadows

· Conducted annual fence maintenance

· Conducted monitoring of water temperatures and stream gauging station within McComas Meadows

2003

· Conducted initial snorkel surveys within McComas Meadows

· Prioritized culverts for replacement

· Began project for 20 miles of road decommissioning

· Conducted maintenance of grade control structures on Swede Creek

· Planted riparian vegetation (>3,000) within McComas Meadows

· Conducted annual fence maintenance

· Conducted monitoring of water temperatures and stream gauging station within McComas Meadows

2004

· Completed 20 miles of road decommissioning

· Planted riparian vegetation (>3,600) within McComas Meadows

· Conducted annual fence maintenance

· Conducted monitoring of water temperatures and stream gauging station within McComas Meadows

· Conducted snorkel surveys within McComas Meadows

2005

· Completed McComas Ditch obliteration project

· Planted riparian vegetation (>3,500 plants) within McComas Meadows

· Conducted annual fence maintenance

· Conducted monitoring of water temperatures and stream gauging station within McComas Meadows

· Conducted snorkel surveys within McComas Meadows

· Completed two culvert replacements at Frog Pond and Doe Creek
MONITORING VARIABLES
Water Temperature
Description

Water temperature is a critical component of aquatic habitat. It affects the entire life cycle of salmonids, from spawning to hatching and rearing to out-migration. Behavior, metabolism, and mortality of salmonids and other aquatic species is controlled by water temperature (Bjornn 1991). The growth rate of juvenile salmonids is dependent on water temperature and amount of prey obtainable, but with extremely high temperatures the amount of food abundance has little impact (Brett et al. 1969). Although salmon have been observed spawning in a wide temperature range, each species has a preferred range that is critical to survival and success of the species.

Under natural conditions, water temperatures change daily, seasonally, annually, and spatially. However, stream temperatures are easily influenced by land management activities, such as removal of riparian vegetation and the release of water from reservoirs. Poor land management can result in high water temperatures that cause mortality of coldwater fishes such as salmonids.
Field Procedure

Water temperature data was collected using Hobo Water Temp Pro automatic temperature recorders.  The recorders were calibrated prior to dispersal in the spring.  The temperature recorders were dispersed at or near each reach in early spring (March) and retrieved in late fall (October-November) of the same year. Temperatures were recorded once every hour, each day. After retrieving each recorder, data was uploaded to a computer.

Standards

The Columbia River Basin Fish and Wildlife Program (NPPC 1994), suggests maintaining temperatures at less than 16o Celsius for spawning and rearing for anadromous salmonids and less than 20o Celsius under all circumstances. State of Idaho standards require water temperature not to exceed 22o Celsius at any point in time, with a maximum daily average of 19o Celsius.  State standards for salmonid spawning require temperatures not to exceed 13o Celsius at any point in time, with a maximum daily average of 9o Celsius.

Temperature data was summarized by average temperature per day for each location where the temperature recorders were deployed.  Then, a total number of days that exceeded standard levels was calculated for each location.  Regression analysis was completed for the total number of days that exceeded standard temperature levels, plotted as number of days versus year.  A negative slope indicates an improving trend in water temperature conditions. 

Table 2.  Number of days exceeding NPPC 1994 and State of Idaho water temperature standards at Meadow Creek sites.

	
	
	Exceedences (# days)

	
	
	
	 
	NPPC 1994
	State of Idaho

	
	
	
	Salmonid Spawning and Rearing       16° C Instant. 
	Maximum        20° C Instant.
	Spring Salmonid Spawning   (Jan 1/Jul 15)             9° C Avg. 
	Spring Salmonid Spawning  (Jan 1/Jul 15)                    13° C Instant
	Fall Salmonid Spawning (July 15/    Dec 31)         9° C Avg.
	Fall Salmonid Spawning (July 15/    Dec 31)        13° C Instant. 

	
	Year
	Data Period
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Station Location
	
	
	
	
	
	
	
	

	Meadow: Mouth
	2005
	6/23 - 9/26
	65
	29
	23
	23
	68
	59

	
	
	
	
	
	
	
	
	

	Meadow Creek: Lower Meadow
	1999
	5/11 - 10/21
	89
	52
	35
	33
	77
	75

	Meadow Creek: Lower Meadow
	2000
	3/27 - 10/22
	91
	67
	54
	53
	70
	69

	Meadow Creek: Lower Meadow
	2001
	4/2 - 10/22
	92
	54
	40
	34
	80
	80

	Meadow Creek: Lower Meadow
	2002
	4/1 - 9/22
	87
	56
	43
	35
	69
	69

	Meadow Creek: Lower Meadow
	2004
	6/22 - 10/18
	81
	57
	24
	24
	80
	77

	Meadow Creek: Lower Meadow
	2005
	6/3 - 9/26
	80
	51
	35
	32
	68
	69

	
	
	
	
	
	
	
	
	

	Meadow Creek: Middle Meadow
	1999
	5/11 - 10/23
	78
	35
	34
	27
	74
	72

	Meadow Creek: Middle Meadow
	2000
	3/26 - 10/23
	79
	47
	52
	40
	67
	63

	Meadow Creek: Middle Meadow
	2001
	4/1 - 10/24
	78
	37
	36
	30
	77
	80

	Meadow Creek: Middle Meadow
	2002
	5/24 - 9/24
	72
	21
	42
	30
	70
	65

	Meadow Creek: Middle Meadow
	2004
	6/23 - 10/18
	72
	39
	23
	23
	74
	66

	Meadow Creek: Middle Meadow
	2005
	6/3 - 9/27
	67
	11
	35
	26
	66
	61

	
	
	
	
	
	
	
	
	

	Meadow Creek: Top of Meadow
	1999
	4/29 - 10/21
	36
	0
	41
	26
	67
	45

	Meadow Creek: Top of Meadow
	2000
	3/26 - 9/26
	39
	0
	52
	33
	62
	46

	Meadow Creek: Top of Meadow
	2001
	6/2 - 11/18
	30
	0
	30
	23
	74
	54

	Meadow Creek: Top of Meadow
	2002
	5/24 - 9/22
	25
	0
	43
	30
	67
	50

	Meadow Creek: Top of Meadow
	2004
	6/23 - 10/18
	48
	0
	23
	23
	70
	47

	Meadow Creek: Top of Meadow
	2005
	6/3 - 9/27
	44
	0
	32
	23
	61
	56

	
	
	
	
	
	
	
	
	

	Meadow Creek: Upper 
	1999
	4/29 - 10/21
	30
	0
	26
	14
	60
	45

	Meadow Creek: Upper 
	2000
	3/26 - 10/23
	33
	0
	40
	24
	61
	52

	Meadow Creek: Upper 
	2001
	4/1 - 10/23
	18
	0
	30
	19
	70
	52

	Meadow Creek: Upper 
	2002
	5/24 - 9/22
	22
	0
	29
	21
	65
	50

	Meadow Creek: Upper 
	2003
	5/23 - 10/19
	49
	0
	36
	24
	65
	55

	Meadow Creek: Upper 
	2004
	6/23 - 10/18
	37
	0
	23
	23
	62
	43

	Meadow Creek: Upper 
	2005
	6/3 - 9/27
	22
	0
	29
	21
	56
	52

	
	
	
	
	
	
	
	
	

	Meadow Creek: North Fork
	1999
	4/28 - 10/21
	36
	0
	41
	26
	67
	45

	Meadow Creek: North Fork
	2000
	3/26 - 9/26
	39
	0
	52
	33
	62
	46

	Meadow Creek: North Fork
	2001
	6/2 - 11/18
	30
	0
	30
	23
	74
	54

	Meadow Creek: North Fork
	2002
	5/24 - 9/22
	25
	0
	43
	30
	67
	50

	Meadow Creek: North Fork
	2003
	5/23 - 10/15
	55
	0
	53
	46
	75
	55

	Meadow Creek: North Fork
	2004
	6/23 - 10/18
	50
	0
	23
	23
	71
	44

	Meadow Creek: North Fork
	2005
	6/3 - 9/27
	29
	0
	30
	21
	57
	42


Results
Since 1999, six temperature monitoring locations have been established within the Meadow Creek watershed (Figure 1). Water temperature at all six locations exceeded some NPPC 1994 standards and all State of Idaho standards (Table 2). However, Meadow Creek: North Fork, Top of Meadow, and Upper reaches never exceeded 20° C. In 2003, temperature recorders at Lower Meadow, Middle Meadow, and Top of Meadow recorded air temperature because temperature recorders were dispersed at high flows, so when stream discharge reached base flows, temperature recorders were above the water surface. Therefore, temperature data was not available for that period of time.
Discussion

Meadow Creek: Mouth exceeded the 16° C standard established by the NPPC on 65 days in 2005. Water temperature at this location exceeded the NPPC 20° C standard on 29 days in 2005. State of Idaho standards (9° C average and 13° instantaneous) were exceeded on 23 days during spring spawning and more than 59 days during fall spawning. 
The number of days exceeding water temperature standards has decreased at Lower Meadow and Middle Meadow study sites.  These two areas suffered the greatest impact from past management practices and are now exhibiting a trend of decreasing water temperatures.  Top of Meadow study site did not exceed NPPC 20° C temperature standard at any time. Water temperatures are consistently lower at the Top of Meadow study area, most likely due to the well-established surrounding riparian vegetation. 
Meadow Creek: Upper and North Fork study reaches are located upstream of the Top of Meadow study reach. Temperatures at these locations also did not exceed the 20° C standard at any time. However, water temperature did exceed all other standards established by NPPC and the State of Idaho. 
Efforts to reduce water temperatures will continue, focusing on revegetation of impacted riparian areas and the establishment of healthy riparian vegetation and sufficient canopy cover to provide shade. In addition to restoration, the preservation of existing riparian vegetation is also critical.

Flow Stage and Discharge

Description
Flow was recorded through hand measurements of discharge at the stream gauging station.  At the stream gauging station, a staff gauge was installed on a permanent structure to relate water surface elevation (stage) to discharge.  The relationship between water surface elevation and discharge is used to create a hydrograph for the watershed, which can then be evaluated for any changes in the flow regime. The staff gauge and cross-section used for discharge measurements were surveyed at the time of installation in reference to the benchmark elevation.  

Field Procedure

Discharge measurements were collected at the designated cross-section near Camp 58 Bridge within McComas Meadows, with either a Price AA or pygmy current meter, depending upon flow conditions.  When average depths were below 1.5 feet (45 centimeters), the pygmy meter was used, and when average depths were above 1.5 feet, the Price AA meter was used. Discharge measurements were not conducted in areas where water was less than 3 inches deep. An AquaCalc instrument was used to record the flow measurements in the field, then uploaded to a computer at the office.

Cross-sections were located across a straight section of stream, perpendicular to stream flow, with uniform stream flow that was neither excessively turbulent nor unusually slow. Streambed substrate along the cross-section should also be fairly uniform. Avoid locating cross-sections across large rocks or other obstructions, and undercut or vertical banks.

Water in a channel flows at different rates depending on its location, so the length of the cross-section was divided into 25-30 sub-sections, with no more than 5% of the total discharge in each sub-section (USDA 1994).  Wetted width was measured along the cross-section; then the distance was divided by 25 to establish intervals for taking flow measurements. Closer intervals were used for discharge measurements in deeper parts of the channel.

The observer faced upstream while taking discharge measurements, and stood about 18 inches downstream from the flow meter to avoid any interference with the water current. Stream velocity was recorded at 0.60 of the total stream depth at each measurement point. For example, if a sampling point was 1.0 feet deep, velocity was recorded at a depth of 0.6 feet.

Standards

Whenever possible, discharge measurements were collected at various flow levels over the entire water year, to define the relationship between stage and discharge.  A minimum of 10 discharge measurements per year were collected with more measurements concentrating at peak-flow times, generally April to June.  A rating curve was established and each flow measurement will strengthen this relationship.

Stream discharge was measured 11 times during the year 2005. These measurements were used to develop a rating curve for Meadow Creek at the Camp 58 Bridge location (Figure 2). The average daily water level was calculated using measurements recorded by the pressure transducer also located at the Camp 58 Bridge. The average daily values and rating curve data were used to develop the hydrograph for January 31 to July 21, 2005 (Figure 3). 

Beginning on July 22, 2005, the construction of beaver dams above and below the Camp 58 Bridge caused the stream to backwater, creating a series of low velocity pools. According to pressure transducer data, the dams raised the water level approximately 0.3 feet in two days. The water level continued to increase through October, and the backwater effect made discharge measurements virtually impossible to continue. The change in the discharge vs. staff height relationship would affect the accuracy of a hydrograph after July 21. Therefore, the 2005 hydrograph reflects only the data gathered before that date.

During 2003-2004, malfunction of the pressure transducer along with insufficient stream flow measurements prevented the development of an accurate hydrograph. In 2002, stream discharge was calculated using the rating curve established in 2000 (McRoberts, 2002). Due to a malfunction of the pressure transducer in July of that year, the hydrograph for the 2002 water year ends on July 26th (Figure 4).
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Figure 2. Discharge vs. Staff Height relationship for 2005, at McComas Meadows gauging station (Camp 58 Bridge).

Results 

Peak discharge for the 2005 water year was calculated at 164.21 cubic ft per second, on May 17, when the gauge height reached 2.39 ft.  Prior to that time, stream flow exceeded 60 cfs on four occasions, beginning on April 8, 2005. The lowest calculated stream discharge was 9.65 cfs on March 26th, when the gauge height was at 0.79 ft.  Mid-summer, shortly before construction of the beaver dams, stream flow measured 12.75 cfs when the gauge height was at 0.88 feet.

Peak discharge for the 2002 water year was calculated at 194.74 cubic ft per second, on June 19, when the gauge height reached 2.0 feet. Discharge was greater than in 2005, despite the lower gauge height. This illustrates the different gauge height:discharge relationships of 2002 and 2005 as a result from moving the pressure transducer to a different elevation. Prior to that time, stream flow exceeded 190 cfs on one occasion, May 1, 2002. The lowest calculated stream discharge was 3.36 cfs on October 10, when the gauge height was at 0.52 feet. Mid-summer, shortly before malfunction of the pressure transducer, stream flow measured 7.59 cfs when the gauge height was at 0.68 ft. 

Figure 3. Meadow Creek hydrograph from January 31 to July 21, 2005.
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Figure 4. Meadow Creek hydrograph from October 1, 2001, to July 26, 2002.
Discussion and Conclusions

Both hydrographs display an early peak and a late peak flow event. The early peak begins in April and begins to taper off in May. In 2002, the late peak began in early June and tapered off by the end of the month. In 2005, the late peak began in mid-May and tapered off in early June. In 2002, these peaks attained almost equal volumes of discharge at their highest points. However, the 2005 early peak event reached less than half the volume of discharge that was recorded during the late peak event. In addition, the maximum flow recorded in 2005 was more than 30 cfs lower than maximum flows in 2002. The variability in the hydrographs may be attributed to annual changes in climate such as snowpack, rain, and drought conditions.

Although the 2002 hydrograph displays a larger volume of water during high flow times, it also displays a lower volume of water during low flow times. The increase in flow during low flow times in 2005 has a positive effect on fish habitat, because the additional water will help keep water temperatures lower. It also increases the volume of aquatic habitat available to fish and amphibians, which reduces competition for food and increases the chances of survival. 

Stream flow and discharge will continue to be monitored on an annual basis to evaluate any changes in the flow regime. For future data collection, the gauging station at Camp 58 Bridge will be relocated to a suitable site outside the influence of the beaver dams and pools. Flow measurements and calculations will resume at the new location during the 2006 field season.
Photopoints

Description
Photopoints are established to document visual change over time.  Visual appearance is documented at fixed photopoints by taking photographs from permanently marked locations within each reach on an annual basis. 

Field Procedure

Photopoint markers consisted of permanent rebar located every 50 feet along the left bank (looking downstream) of each reach. Wherever possible, these markers were installed above the high water mark to ensure they are not washed away in a high-flow event. Four photos were taken from the center of the stream to capture details looking upstream, downstream, and at the left and right banks (looking towards and away from the rebar marker).

Azimuth readings shall be recorded in all four directions, so that the same location is photographed in following years. Any unique features not captured from these locations were individually photographed and noted in the comments section of the data form sheet. 

Standards

A collection of photos for each study reach will be stored at the Nez Perce Tribe DFRM-Watershed office.  These may be referred to at any point to assess any visual changes within the stream reach. 
Results

In 2005, permanent photopoint markers were established at Meadow Creek: Mouth and Meadow Creek: Upper study reaches. Beginning in 1992, several photopoint locations within McComas Reaches 1-3 were established. Additional photopoints were established in 2000, providing more detailed documentation of site conditions (McRoberts 2002). Photo collections for these reaches provide visual documentation of current stream conditions. They are stored at the Nez Perce Tribe DFRM-Watershed office. 

Riparian Vegetation: Woody Species Success
Description

Data collection efforts are directed at determining the rate and degree of recovery of the riparian system following restoration. The Columbia River Basin Fish and Wildlife Program (NPPC 1994) outlines objectives to retain vegetation in riparian areas to stabilize banks, prevent warming of water, provide fish cover and food, and supply woody debris to the stream. 

Since 2000, approximately 16,000 riparian plant seedlings have been planted along Meadow Creek within McComas Meadows (Figure 1). Objectives of the revegetation projects included bank stabilization, increased canopy cover, and recruitment of large woody debris. Increased canopy cover shades the stream and reduces water temperatures, while large woody debris provides cover and food for aquatic species. 

Planting primarily took place throughout the lower (downstream) ¾ of McComas Meadows, but also included other nearby portions of the stream. Plant species included redosier dogwood (Cornus stolonifera, also C. sericea), snowberry (Symphoricarpos spp.), sitka alder (Alnus sitkatensis), douglas hawthorn (Crataegus douglasii), drummond willow (Salix drummondiana), bebb willow (Salix bebbiana), coyote or sandbar willow (Salix exigua), and scouler willow (Salix scouleriana). To maximize plant survival, seedlings were planted in the spring when water was most plentiful. The following study will assess the success of these plants and provide comparisons to determine which genera are best suited for future revegetation projects.

Field Procedure
In 1993 and 1995, Forest Service personnel initiated a modified Idaho Department of Environmental Quality (DEQ) Woody Species Age Class survey along Meadow Creek within McComas Meadows. Using this method, individual woody plants within a six-foot belt-width of the bank were tallied according to age class and species. In 2000 and 2001, the Nez Perce Tribe Watershed Division conducted similar surveys according to protocol adapted from Idaho DEQ. The adapted “greenline survey” method inventoried woody plants within the area delineated by survey bank pins. Surveys were conducted in Study Reaches 1, 2 and 3 of McComas Meadows. Results from 2001 surveys showed discrepancies between the numbers of plants that had actually been planted and how many were identified as ‘planted’ in the field. A significant number of plants were misidentified. To improve accuracy and repeatability of the surveys, riparian species identification and  SEQ CHAPTER \h \r 1age composition were measured using a circle plot survey method beginning in 2005. Study Reach 3 was not included in the 2005 surveys, as 2001 surveys showed that the vegetation was fairly well established and provided a sufficient degree of bank stability and seed crop to facilitate natural regeneration.

Two circle plot surveys were conducted for each reach where revegetation projects took place. Reach locations are detailed in the regional map (Figure 1). Circle plot surveys were conducted by attaching a measuring tape to a permanent marker (existing photopoint or cross-section rebar is recommended) and extending it to create a 15 foot radius, which was then used to describe a circle 30 feet in diameter. Four transects intersect at 90 degree angles at the center of the circle, dividing it into four equal pie-shaped quadrants. Two of these transects were oriented towards the waters edge and two faced away (Figure 5). Azimuths were recorded for each transect to facilitate accurate repetition of surveys. Woody vegetation that fell along the transects was inventoried by genus, height, condition rating score, and distance from the center-point. Notes included any disease, insect damage, browsing, drought stress, or other condition that affected the plants at time of survey. Condition rating scores were determined as follows:

1 = Dead: Entire plant is dead

2 = Poor: Plant is affected by any number of conditions resulting in severe deterioration of health
3 = Fair: Plant is affected by 1-2 conditions that are causing noticeable deterioration of health

4 = Good: Plant is affected by one condition that is causing minimal deterioration of health

5 = Excellent: Plant appears healthy and does not suffer from any deteriorating conditions
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Figure 5. Circle Plot and Transect Layout

Wherever possible, the observer identified and noted natural regeneration. The locations of the plots were also included in the site sketch. 

Standards
The total number of trees and shrubs from both circle plots was calculated, including an individual tally for each genus. When future circle plot surveys have been completed, regression analysis will be conducted for each genus within each study reach to identify improving trends in vegetation density. Plant height and condition was evaluated for each genus to determine which plants achieved faster growth and were more resistant to adverse conditions. Future revegetation projects can then be adapted to include higher percentages of the more successful plants, which in turn should increase the rate of revegetation.

Results

Riparian vegetation surveys were completed at Meadow Creek reaches 1 and 2 on August 22-24, 2005. At each reach, two circle plots were surveyed according to the protocol method outlined above. Reach 1 surveys yielded a total of 55 woody plants belonging to five different plant genera (Figure 6). Reach 2 surveys yielded a total of 61 woody plants belonging to six different plant genera (Figure 7). 

Vegetation surveyed in Reach 1 was primarily composed of hawthorn (Crataegus). Alder (Alnus), willow (Salix) and dogwood (Cornus) were present in almost equal proportions (Figure 8). The least abundant plant was the serviceberry (Amelanchier), which composed 1.8% of the plant population surveyed. 

Hawthorn also dominated the survey sample in Reach 2. It composed 65.6% of the plant population surveyed (Figure 9). Dogwoods were the next most abundant plant genus and represented 16.4% of the total sample. Willows and alders followed, with 9.8% and 4.9%, respectively. Again, only a single serviceberry plant was found, accounting for 1.6% of the total sample. Interestingly, a single ninebark plant (Physocarpus) was also found in Reach 2. Ninebark was the only genus not found in both study reaches.

In Reach 1, serviceberry achieved the greatest average height, standing 3.0 feet tall (Figure 10). However, this value represents the single mature tree that was found in the entire vegetation survey. Note that since this was the only serviceberry found in the Reach 1 sample, it does not necessarily reflect the average height or condition of other serviceberry plants in the area. Alders led the remaining plant genera in height, standing an average of 2.9 feet tall. The mean height of willows was more than a foot shorter, at 1.7 feet tall. Hawthorns and dogwoods were similar in height, averaging 0.7 and 0.6 feet tall, respectively.

The single serviceberry plant in Reach 1 displayed not only the greatest height, but also the best health, earning a condition rating score of 5.0 (Figure 10). While dogwoods were the shortest genus in the reach, they displayed almost excellent health with a score of 4.6. Hawthorns and willows followed with good health, earning scores of 4.2 and 3.9, respectively. Alders averaged a condition rating score of 2.9, and exhibited fair health.

In Reach 2, alders attained the greatest height (Figure 11). The three alders within the survey averaged 8.3 feet tall. The remaining plant genera surveyed had a much shorter mean height, in comparison. Willows stood an average of 2.8 feet tall, while the mean height of dogwoods and ninebark were 2.3 and 2.2 feet, respectively. Serviceberry followed, growing 1.7 feet tall. The shortest average height recorded was for hawthorns, which stood 1.5 feet tall. Note that serviceberry and ninebark also consisted of small sample sizes in Reach 2, and the average height and condition recorded may not accurately represent other firs and ninebark in the area.

In Reach 2, all plant genera displayed similar good health (Figure 11). The mean condition rating scores ranged from 3.8 for the hawthorns, to 4.5 for dogwoods. Willows were the second healthiest genera and received a score of 4.3, while alders, serviceberry, and ninebark all received scores of 4.0.
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Figure 6. Total number of plants per genus sampled at McComas Meadows: Reach 1.
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Figure 7. Total number of plants per genus sampled at McComas Meadows: Reach 2.
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Figure 8. Percentage of plant composition at McComas Meadows: Reach 1.
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Figure 9. Percentage of plant composition at McComas Meadows: Reach 2.
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Figure 10. Reach 1 average of plant height and condition rating score for each genus.
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Figure 11. Reach 2 average of plant height and condition rating score for each genus.

Twelve wire cages were installed in McComas Meadows on July 1, 2004, to protect a total of 17 woody plants from excessive browsing by wildlife. Each cage measured approximately 5 x 5 feet, and surrounded one or more plants. Each plant within the cage was identified by genus, usually alder, hawthorn, or willow. Height and width was recorded (in inches), and whether or not the plant showed evidence of browsing. In 2005, a total of 19 control plants were established in close proximity to each cage (one or more per cage), and the same data was recorded for these plants as well. Data collection was repeated at cages 1-12 on June 23, 2005. Twelve additional cages (13-24) were installed on June 23, 2005, and 28 plants were caged and identified as described above. Thirty-one controls were established for cages 13-24 at this time.

From 2004-2005, the average height of plants within the exclusion cages increased from 21.59 inches to 32.41 inches, a total increase of 10.82 inches (Figure 12). Average width of plants within the cages increased from 13.29 inches to 18.88 inches, a total increase of 5.59 inches. When cages were first installed in 2004, 100% of plants within the cages had been browsed prior to installation (Figure 13). One year later, only 5.88% of plants within the cages showed evidence of browsing.
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Figure 12. Plant growth from 2004-2005 for plants protected by exclusion cages 1-12.
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Figure 13. Pecentage of plants browsed before and after installation of exclusion cages.

In 2005, plant size data was collected for plants within and without cages 1-12. A comparison of plant size within and without the cages was made in Figure 14. Caged plants averaged 8.2 inches taller and 3.62 inches wider than uncaged plants. Data for uncaged (control) plants was not collected until 2005, so comparisons of annual growth rate will be conducted in 2006. Only 5.88% of caged plants were browsed in 2005, compared to 94.74% of uncaged plants that suffered from browsing that same year (Figure 15).
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Figure 14. Plant size of caged and uncaged plants in 2005.
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Figure 15. Percentage of browsed within and without exclusion cages in 2005.
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Figure 16. Average height and width of caged and uncaged plants at time of cage installation, 2005. 
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Figure 17. Percentage of caged and uncaged plants browsed at time of cage installation, 2005. 

In 2005, baseline data was collected for cages 13-24, including uncaged control plants.

At the time cages were installed, average plant height of caged and uncaged plants was quite similar, with a difference of less than 2 inches (Figure 16). Average plant width showed even less variation, with a difference of 0.39 inches. A total of 85.71% of caged plants had been browsed at the time of cage installation, whereas 77.42% of uncaged plants had been browsed (Figure 17).

Discussion and Conclusions

The most successful plant genera are defined not only by their good health, but also by their ability to achieve greater height than other plant genera in the study area. This ultimately favors plants that will reach maturity and produce offspring, resulting in revegetation of the riparian area, as well as natural regeneration and succession of plant species. Plant height is also an issue of concern due to the frequency and severity of browsing that occurs. Serviceberry, dogwoods, and willows are browsed by moose, elk, deer, or domestic livestock. (Rose et al., 1998) Snowberry and alder are low to moderately palatable to wild and domestic stock. Based upon observations of field personnel, many of these plants show little or no growth year after year when they are heavily browsed, until they achieve greater height and terminal buds are no longer within easy reach of browsers. Taller plants are also more likely to provide canopy cover over the stream channel, shading the water and cooling water temperature while providing fish cover and protection from predators. 

Individual characteristics for each plant genera must also be taken into consideration. For example, the average height at maturity for snowberry is 2-5 feet, while alders may reach heights of 10-20 feet or taller depending upon species. (Johnson, 1993) 

Alders in Reach 1 averaged 2.1 feet tall, with fair health. Deterioration of health in five of the seven alders surveyed was due to leaf spot and/or insect damage. Alders in Reach 2 were much taller (8.3 feet) and healthier than alders in Reach 1, although they also suffered from leaf spot. It is likely that these larger alders are well established, and therefore more disease resistant than the smaller alders in Reach 1. The height of alders at maturity suggests that it would be an appropriate choice for future plantings if located directly adjacent to the stream channel where it can provide maximum canopy cover over the stream channel. Alders are also excellent nitrogen fixers, and can improve soil fertility. Thinleaf alder (Alnus incana) specifically has a high flood tolerance and greatly improves bank stability. Sitka alder (Alnus sinuata) is a pioneer species and is one of the first trees present after disturbances such as logging, fire, and landslides, and helps prevent soil erosion. Due to their low-moderate palatability to wild and domestic stock, alders may be less susceptible to browsing than other plants found in the area. The thinleaf and sitka alder can form new plants when branches or roots of a plant are submerged, or when the root collar or stump is damaged. (Rose et al., 1998) This advantage could speed revegetation once several plants have reached maturity. 
Hawthorns were amongst the shortest plants surveyed in Reach 1, with a mean height of only 0.7 feet. Hawthorns in Reach 2 faired better, standing 1.5 feet tall. Hawthorns in both reaches were in good health, and achieved similar condition rating scores (Figures 10 and 11). However, the hawthorns in Reach 2 seemed to suffer more frequently from browsing. Douglas hawthorn (Crataegus douglasii) is commonly found in riparian areas, and is an excellent soil and streambank stabilizer reaching 12 feet in height. It prefers deep, moist, fine textured soils and usually will not occupy disturbed sites. Douglas hawthorn also provides food and cover for many birds and mammals. Successful establishment of seedlings is difficult and growth rates are slow, but hawthorn can also be propagated vegetatively. (Rose et al., 1998)

Willows averaged 1.7 feet tall in Reach 1, almost a foot shorter than the willows in Reach 2. Willows in Reach 2 were also in slightly better health, although insect damage was observed on plants in both reaches. Similarly to the alders mentioned above, the larger willows in Reach 2 may be more disease resistant if they are well established. Lack of sufficient water can also weaken plants and make them more susceptible to disease. Willows can range from 6-54 feet tall at maturity, depending upon species and habitat conditions. Bebb willow (Salix bebbiana) grows well in moist, rich soils such as stream banks. It is a pioneer species that moves into moist, cleared areas. Scouler willow (Salix scouleriana) is a shade intolerant species that survives in both moist lowland and dry upland soils. Scouler willow can be found in meadows and clearcuts or along streams and roadsides. The Pacific willow (Salix lasiandra) can be found growing in a variety of soil types, such as well-drained sandy loames, to rich, rocky, or gravel soils. Pacific willow can be found along streambanks, lakes, and waterholes. Willows are highly palatable to deer and elk, particularly later in spring and summer, when photosynthesis and sugar production increases. Willows also provide habitat and food for a variety of mammals and birds. It may be more susceptible to browsing, which could lower the average condition rating score. Plants can reproduce vegetatively, not unlike alders and dogwoods. (Rose et al., 1998)

Field notes described many dogwoods in Reach 1 that appeared to be natural regeneration, which may explain their low average height of 0.6 feet.  Dogwoods in Reach 2 were almost four times as tall, with a mean height of 2.3 feet. Plants in both reaches were in very good health, and suffered only minor damage from leaf spot or browsing. At maturity dogwoods reach heights of 6-15 feet tall, depending upon species. Redosier or redtwig dogwood (Cornus stolonifera, also C. sericea) prefers wet sites and is usually found in association with alders and willows. It provides winter browse for mammals and the fruit is eaten by birds, which may make it a difficult species to establish. Similar to the thinleaf and sitka alders, redosier dogwoods can spread vegetatively when branches touching the ground form adventitious roots. This dogwood prefers wet sites and should be planted near the stream channel to ensure sufficient water. (Rose et al., 1998)
Only two serviceberry plants and one ninebark plant were found within the study reaches. These two plants are overwhelmingly dominated by alders, willows, hawthorns, and dogwoods. Interestingly, these dominant plant genera show a direct correlation to plant species implemented in past revegetation projects. This could account for the relatively small populations of serviceberry and ninebark, two genera that were not planted in revegetation projects. The abundant population of planted species, and lack of species that weren’t planted, suggests that revegetation has been very successful. Although the serviceberry and ninebark plants appear to be a rare occurrence, their health suggests that they are well suited to the habitat conditions. 

Serviceberry may reach heights of 5-20 feet at maturity. Due to their size, mature serviceberry shrubs could help increase canopy cover, though they are not as water-loving as the alders. Serviceberries prefer moist to dry soil and sunny or partially shaded areas. Their leaves, twigs, and berries are a source of food for both mammals and birds. (Rose et al., 1998)

Ninebark is a deciduous shrub that may grow up to 5 feet tall at maturity. Pacific ninebark (Physocarpus capitatus) can be useful for preventing soil erosion and prefers moist, somewhat open habitat in low-mid elevations. Mallow ninebark (Physocarpus malvaceus) is not an important browse species and is generally avoided. It grows in soils ranging from sandy loam to silty clay loam, neither too wet nor too dry. A mature thicket provides shelter and cover for birds and mammals, large or small. Ninebark can have difficulty regenerating by seed, but can propagate vegetatively. It does grow aggressively after a fire, however, which can be advantageous to specific restoration projects (Johnson 1993, Rose et al. 1998).

Additional genera found in the 2000-2001 surveys included ocean spray (Holodiscus discolor), gooseberry/currant (Ribes spp.), huckleberry (Vaccinium spp.), rose (Rosa spp.), and snowberry (Symphoricarpus spp.). The majority of these plants were identified only within Reach 2. Snowberry was identified in Reach 1 only during the 2001 survey. 

Plants within the exclusion cages were taller and wider than plants outside the cages. In addition, browsing of caged plants was drastically reduced and almost eliminated, which allows plants to establish new growth and achieve greater size. Monitoring should continue until direct comparisons can be made between the annual growth of caged and uncaged (control) plants. If the caged plants can be established faster than unprotected plants, additional exclusion cages may be installed to speed up the establishment of mature riparian vegetation within McComas Meadows.
Recommendations
It is important that future revegetation projects continue to include a diverse combination of plant genera and species. This will help prevent the formation of a monoculture, which lacks stability and habitat diversity. It also provides a variety of food sources for wildlife, which can minimize the impact of browsing on any single species. Planting strategy for revegetation projects should include an approximate percentage of each genus and/or species that reflects the plan outlined below.

While alders and serviceberry can achieve similar height at maturity, alders are more tolerant of flooding conditions and less palatable to browsers. Alders are also capable of vegetative reproduction, which improves chances of survival and regeneration. These characteristics increase the likelihood of each alder reaching maturity. Future revegetation projects in the Meadow Creek watershed will include thinleaf alder (Alnus incana) and/or Sitka alder (Alnus sinuata). Saskatoon serviceberry (Amelanchier alnifolia) may be included as well, but in smaller proportions.
Willows will be included to a lesser degree of the alders. Willows have excellent propagation capabilities that improve their chances of survival. It is possible that the high palatability of the willows may mitigate browsing of other plants. Willows will not be planted in shady areas, as they are a shade-intolerant plant. Bebb willows (Salix bebbiana) will planted very close to the stream channel, as they prefer moist soils. In drier areas, the more tolerant scouler willows (Salix scouleriana) will be planted instead. Where soil is particularly rocky, revegetation will include Pacific willows (Salix lasiandra).

Due to their slower growth rate, hawthorns will be used the less frequently than the alders, willows, and serviceberry. It is important that some hawthorns continue to be planted, as they provide excellent habitat and food supply for birds and mammals. Hawthorns can help maintain a diverse and healthy plant community.

Dogwoods, roses (Rosa spp.), and snowberries (Symphoricarpos spp.) may be planted in equal parts, with preference given to dogwoods for their tendency to grow near streambanks where they can receive sufficient water. Native roses in this region will reach 3-7 feet in height, depending upon species. The nutka rose (Rosa nutkana) and Wood’s rose (Rosa woodsii) would be the most appropriate species for revegetation projects. The nutka rose grows in nitrogen-rich, moist soils and is sun and shade tolerant, though it produces more fruit when light exposure increases. It has excellent soil binding characteristics and provides food for many wildlife species. The nutka rose can grow new plants from offshoots of the parent plant. Wood’s rose is faster-growing and long-lived, making it a good choice for erosion control. It spreads vegetatively through underground rhizomes, sprouting from the root crown, and adventitious roots. Roses provide excellent cover for wildlife, and the rose hips are eaten by birds and mammals. (Rose et al., 1998) Wood’s rose (Rosa woodsii) and nutka rose (Rosa nutkana) will be planted further from the streambanks, on slopes where erosion control is desired.

Snowberry shrubs reached heights of 2-5 feet at maturity. Snowberry has a fibrous root system that is an excellent soil binder and is good for establishing cover on bare sites. It is fairly shade intolerant and prefers moist, well-drained soils. Snowberry is an excellent choice for rehabilitating riparian areas. It is low to moderately palatable with poisonous berries and therefore less susceptible to browsing. Snowberry propagates vegetatively by adventitious roots, basal sprouts, and woody runners underneath the ground, which may facilitate faster revegetation. (Rose et al., 1998) In future revegetation projects, snowberry will be planted in bare areas, keeping in mind that it prefers moist but well-drained soils.

Ninebark should be planted in quantities similar to roses and snowberry. The inclusion of this shrub in revegetation projects is strongly encouraged, as it is generally avoided by browsers. Ideally, it should be planted in well drained soil that retains a moderate amount of moisture, keeping in mind that mature plants can eventually form dense thickets.

Huckleberry varies in size depending upon species, but can reach from 1-9 feet tall. The twigs and foliage of the blueleaf huckleberry (Vaccinium deliciosum), black huckleberry (V. membranaceum), and red huckleberry (V. parvifolium) are regularly browsed, while birds, bears, and small mammals favor the berries. The grouse huckleberry (V. scoparium) is unpalatable and little browsed, though berries are still well-used by many animals. It can also spread vegetatively through rhizomatous roots. The grouse huckleberry is recommended for revegetation because it is less likely to suffer from browsing. When planted, keep in mind that it prefers acidic soils in moist or dry areas, and is almost always found in the understory of lodgepole pine (Pinus contorta) stands. (Johnson 1993, Rose et al. 1998) Huckleberry should also be planted in quantities similar to roses, snowberry, and ninebark.
Ocean spray is a mid-sized shrub reaching 3-9 feet tall. It has good soil-binding characteristics, and prefers shallow, rocky, well-drained soils. Ocean spray has a high tolerance to fire, but may be heavily browsed by mammals on winter ranges and is therefore less suitable for revegetation efforts within the project area.

Currant and gooseberry grow 5-6 feet tall, depending upon species. These plants help stabilize soil and are generally unpalatable to mammals. However, all three native species (Ribes cereum, R. lacustre, and R. viscosissimum) can host the white pine blister rust. Therefore, revegetation of these plants is not encouraged in areas where susceptible trees may become infected.

Plant height and condition will be evaluated in future vegetation surveys to determine which plants achieved faster growth and were more resistant to adverse conditions. Future revegetation projects can then be adapted to include higher percentages of the more successful plants, which in turn should increase the rate of revegetation.

Large Woody Debris

Description

Large woody debris (LWD) plays an important role in channel shaping and stability. LWD also acts as an important cover feature for salmonid fishes. LWD is recruited into the stream channel by various processes such as direct tree mortatlity, channel migration, bank erosion, landslides, and snow avalanches. Once in the stream channel, this wood can retain spawning gravels, form pools, provide cover and nutrients, and fulfill other functions that promote favorable fish habitat (CWWS 2004).  LWD will be sampled according to Overton et al (1997).  

Since 2000, approximately 16,000 riparian plant seedlings have been planted along Meadow Creek within McComas Meadows. Objectives of the revegetation projects included bank stabilization, recruitment of large woody debris, and increased canopy cover and shading to reduce water temperature. 

Planting primarily took place throughout the lower (downstream) ¾ of McComas Meadows, but also included other nearby portions of the stream. Reach locations are detailed in regional map (Figure 1). Plant species included redosier dogwood (Cornus stolonifera, also C. sericea), snowberry (Symphoricarpos spp.), sitka alder (Alnus sitkatensis), douglas hawthorn (Crataegus douglasii), drummond willow (Salix drummondiana), bebb willow (Salix bebbiana), coyote or sandbar willow (Salix exigua), and scouler willow (Salix scouleriana). To maximize plant survival, seedlings were planted in the spring when water was most plentiful.

In 2001 and 2004, data was collected at three McComas Meadows study reaches. This historical data is included in this report for comparison to other LWD data collected within the watershed in 2005. Future monitoring reports will conduct regression analysis of all LWD data collected at each reach to determine if the quantity of LWD is increasing.

Field Procedure

Large woody debris measurements were collected for each designated reach.  The entire length of the reach was measured.  All large woody debris meeting the following criteria encountered within the bankfull channel of the reach was counted, measured and recorded on the corresponding data sheet for large woody debris.

1. A single piece must be at least 9 feet (3 meters) in length or must have a length equal to or greater than two-thirds the wetted width of the stream 

2. A single piece must be at least 4 inches (10 centimeters) in diameter. 

Each qualifying piece was measured separately.  If aggregates (two or more pieces clumped together) were present, each piece was measured and recorded separately. Aggregates were recorded with the number of single pieces present.  

For each single piece, the estimated percentage (by volume) that was submerged at the time of the inventory and the estimated percentage that would have been submerged at bankfull flows was recorded.  If no part of the piece was submerged, “0” was recorded.  The habitat type (riffle, run, pool, glide) where each piece was found was also recorded.  

In some cases, beaver dams or other significant woody debris groups may not have had any qualifying pieces.  When this occurred, it was noted in the comments section of the data sheet and photographed, if a camera was available.

Standards

The Columbia River Basin Fish and Wildlife Program (NPPC 1994) outlines objectives to retain large woody debris in stream channels to protect the sediment and nutrient storage and processing function of stream ecosystems supporting salmon and steelhead.
A total count of acting large woody debris within the bankfull level of the channel within each reach was tabulated. Large woody debris within the wetted stream channel was also tabulated to determine the amount of cover available to fish during low flows (Figure 18). Regression analysis shall be completed for each reach by plotting total pieces versus year.  A positive slope indicates an increasing number of acting large woody debris, which meets the objectives of the Columbia River Basin Fish and Wildlife Program. 

Variability in the quantity of LWD found in different streams is to be expected. In addition, longer reaches may contain greater quantities of LWD because they span a greater area. The Center for Water and Watershed Studies (CWWS 2004) outlines standards for the number of pieces of LWD per 100 meters, according to data based upon regional characteristics and bankfull width. For regions characterized by Douglas fir and ponderosa pine, the CWWS recommends approximately 12 pieces of LWD per 100 feet of stream length (or 35 pieces per 100 meters) in streams where bankfull width is greater than 18 feet. The total number of pieces of LWD per 100 feet of stream length was calculated for each reach to evaluate whether or not CWWS standards were met, and to allow for comparison between reaches (Table 3).

Results

In 2005, large woody debris was most abundant at Meadow Creek: Mouth, where 31 pieces were counted (Figure 18). The Meadow Creek: Upper study reach also retained a moderate amount of LWD with 18 pieces. 
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Figure 18. Quantity of large woody debris data at Meadow Creek: Mouth and Meadow Creek: Upper study reaches.

In 2001, study reaches in McComas Meadows contained very little large woody debris (Figure 19). Reach 3 was most abundant, with 6 pieces. Reach 1 contained only two pieces, while Reach 2 was lacking LWD entirely. Surveys conducted in 2004 revealed no LWD in any of the study reaches.
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Figure 19. Number of large woody debris at reaches 1-3 in McComas Meadows.

Meadow Creek: Mouth contained the greatest frequency of LWD, with approximately 5.6 pieces per 100 feet of stream length in 2005. Meadow Creek: Upper study reach contained 3.6 pieces per 100 feet of stream. The remaining three reaches at McComas Meadows did not have any large woody debris. When compared to 2001 data (Table 3), reaches 1 and 3 exhibited a negative trend for the retention of large woody debris. 

Table 3. Large woody debris tabulated data for five study reaches within the Meadow Creek watershed.
	
	Year
	# of Pieces w/in Bankfull
	# of Pieces w/in Wetted Channel
	% of Pieces Providing Low-Flow  Cover
	Reach Length (ft)
	Pieces per 100 ft.

	Meadow Creek: Mouth
	2005
	31
	7
	22.6%
	550
	5.6

	McComas Meadows: Reach 1
	2001
	2
	0
	0.0%
	790
	0.3

	
	2004
	0
	0
	0.0%
	790
	0.0

	McComas Meadows: Reach 2 
	2001
	0
	0
	0.0%
	980
	0.0

	
	2004
	0
	0
	0.0%
	980
	0.0

	McComas Meadows: Reach 3 
	2001
	6
	3
	50.0%
	850
	0.7

	
	2004
	0
	0
	0.0%
	850
	0.0

	Meadow Creek: Upper
	2005
	18
	4
	22.2%
	500
	3.6


Discussion and Conclusions

At the 2005 Meadow Creek: Mouth study reach, 31 pieces of LWD were observed. However, only 22.6% of the LWD was partially submerged at low flow, providing fish species with necessary cover from predators (Table 3). Much less woody debris was found at Meadow Creek: Upper reach, less than half of which was partially submerged (47.8%) at the time of survey. This illustrates the importance of LWD that provides cover throughout the year, not just during high flow events. An average of 11.9% of LWD provides low-flow cover in the Meadow Creek watershed.

The CWWS standard of 12 pieces of large woody debris was not met in any of the study reaches. Future surveys will reveal whether the number of pieces per 100 feet of stream length is increasing, decreasing, or remaining stable.

The quantity of large woody debris within the bankfull channel is affected by the amount of debris that is transported downstream during high flows, and the availability of woody plants adjacent to the stream. Currently, the State of Idaho and U.S. Forest Service Best Management Practices for timber harvest preserve a buffer zone of vegetation adjacent to the stream channel, whereas past timber harvest was in most cases conducted up to the water’s edge. Areas with low recruitment may have been influenced by past timber harvest practices or may be naturally occurring open meadows where vegetation is limited to the riparian area.

In areas where the buffer zone was cleared for timber harvest, it would be beneficial to begin and/or continue revegetation of those areas. In addition to native riparian species, revegetation should also include long-lived, successional native tree species such as subalpine fir (Abies lasiocarpa) and Engelmann spruce (Picea englemannii) that typically grow on the terraces adjacent to streams.

Large woody debris surveys will be conducted every five years to determine the trend of LWD recruitment. Columbia River Basin Fish and Wildlife objectives will be met if recruitment is stable or increasing. Restoration and revegetation will continue until CWWS standards have also been met. 

Bed Material Composition
Description

Pebble-count samples are collected to determine size distributions of streambed material (Leopold et al. 1964).  Size distributions will be used to determine if there has been a shift toward finer size bed material (Bevenger 1995).  An assessment of channel materials is important to interpreting the stability of rivers and gives an indication of the shift in bed material composition size.  

Since 1991, restoration efforts within the Meadow Creek watershed have focused on mitigating the effects of over-grazing, timber harvest, and road-building. These activities cause a decrease in bank stability and riparian vegetation, while increasing fine particles (< 6 mm) and sediment within the stream. Unstable banks contribute fine particles and sediment to the stream that are detrimental to spawning and rearing habitat. Riparian vegetation is important for providing shade, reducing water temperatures, improving bank stability, and recruiting large woody debris for fish cover and food. Restoration projects to date include fencing exclosures to limit livestock access to streams and revegetation of riparian areas to improve habitat as mentioned above. 

Beginning in 1993, pebble count samples were taken within Reaches 1-3 of McComas Meadows. Data from 1993 and 1998 was collected at one cross-section location per reach. In 2000 and 2004, pebble count samples were taken at three cross-section locations per reach, including the location sampled in the past. However, only one location was sampled at Upper Meadow Creek (2004) and the gauging station at Camp 58 bridge (2000). Beginning in 2005, pebble count samples were taken at each newly-established habitat cross-section (riffle, pool, run, or glide). 

Field Procedure

The sampler picked up particles at equally spaced intervals between left and right bankfull, beginning at one bankfull edge and stopping at the opposite edge to avoid bias. At each interval, particles were chosen by reaching down and picking up the first piece of material touched in front of the toe.  The sampler looked away from the streambed while reaching down, so that bias was avoided.  The pebble was measured with a millimeter ruler on its intermediate axis (Wolman 1954), and recorded according to the Wentworth Classification Scale (Table 4).  The pebble was then discarded downstream so that it was not sampled again. The sampler continued to measure particles in this manner, finishing each bankfull transect before beginning another one immediately upstream. After 100 particles were measured, the sampler finished the current transect, ending the survey on a bankfull edge.

Standards

The Columbia River Basin Fish and Wildlife Program (NPPC 1994) outlines objectives to limit the percentage of fine sediments (less than 6 millimeters) in salmon and steelhead redds to no more than 20 percent.

Substrate material composition data was summarized by reach sample.  A cumulative frequency distribution was then graphed and the D16, D50, and D84 was calculated.  An average value for each of these indices was also calculated for the reach.  For reaches where surveys were conducted in the past, regression analysis was then completed for these values to determine whether there is a trend occurring.  Values shall be plotted versus years.

Percentages of fine sediments per sample were computed. If the data revealed less than 20% fines, then this objective is being met.  If the data revealed values higher than 20%, actions must continue to decrease the input of fine sediment.
Table 4. Wentworth Classification Scale (Harrelson 1994)

	Size Class
	Size Range (mm)

	Clay & Silt
	<0.062

	Sand: Very Fine
	0.062-0.125

	          Fine
	0.125-0.25

	          Medium
	0.25-0.5

	          Coarse
	0.5-1.0

	          Very Coarse
	1.0-2.0

	Gravel: Very Fine
	2-4

	             Fine
	4-5.7

	             Fine
	5.7-8

	             Medium
	8-11.3

	             Medium
	11.3-16

	             Coarse
	16-22.6

	             Coarse
	22.6-32

	             Very Coarse
	32-45

	             Very Coarse
	45-64

	Cobble: Small
	64-90

	              Small
	90-128

	              Large
	128-180

	              Large
	180-256

	Boulder: Small
	256-362

	               Small
	362-512

	               Medium
	512-1024

	               Large
	1024-2048

	Bedrock
	2048+


Results

Pebble count survey data was collected at the Camp 58 Bridge gauging station during the 2000 field season (Figure 20). The D16 and D50 particle sizes at this site were 0.09 mm and 1 mm, respectively. The D84 was higher, measuring 35 mm. In 2005, pebble count data was collected approximately 4.0 miles downstream, at the Meadow Creek: Mouth study reach. The D16 was slightly greater than at the gauging station, measuring 3.93 mm. However, the D50 and D84 were much higher, measuring 54.5 mm and 286 mm, respectively (Figure 20).

At McComas Meadows: Reach 1, particle size distribution increased dramatically from 1993 to 1998 (Figure 21). The D50 and D84 particle size decreased slightly in 2000, but increased again in 2004. The D16 increased from 0.18 mm in 1993 to 5.22 mm in 2000, and then decreased minimally to 4.99 mm in 2004. 
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Figure 20. Pebble count survey results for Meadow Creek: Mouth study reach (2005) and gauging station at the Camp 58 bridge (2000).
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Figure 21. Trend of particle distribution within McComas Meadows: Reach 1 study reach.

The D50 and D84 particle size distribution also increased steadily within McComas Meadows: Reach 2 (Figure 22). In 1993, the D50 particle size was 4 mm, or very fine gravel. This increased to 28 mm (coarse gravel) in 2004. The D84 increased from 28 mm in 1993 to 58 mm in 2004. The D16 particle size increased from 1993 to 1998, but continually decreased in 2000 and 2004.

Reach 3 showed substantial increases in particle size distribution between 1993 and 2004 (Figure 23). The D16 particle size increased steadily through 2004. Both the D50 and D84 experienced a decrease in particle size before increasing again in 2004.

A pebble count survey was conducted within the reach at the Upper Meadow Creek study site on September 27, 2004. A second survey was conducted on September 20, 2005, at a riffle and pool habitat. Although this is a relatively short period of time to analyze the trend of bed material composition, survey results indicate an increase in the D16 and D50 particle size (Figure 24). The D50 in particular increased from very coarse gravel (53 mm) to small cobble (74.5). The D84 particle size did not increase, but decreased from 289 mm to 259 mm, both of which are classified as small boulders (Table 4).

The percent of fines (< 6 mm) was calculated for Meadow Creek: Mouth and Upper Meadow Creek study reaches (Figure 25). The percentage of fines was lowest at Meadow Creek: Mouth, with 21.80%. Upper Meadow Creek was only slightly higher in 2004 with 22.40% fines, but increased greatly in 2005 with 34.09% fines. Percent fines could not be calculated for the remaining reaches because particles were tabulated using a broader classification scale that combined particles of 4-8 mm.
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Figure 22. Trend of particle distribution within McComas Meadows: Reach 2 study reach.
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Figure 23. Trend of particle distribution within McComas Meadows: Reach 3 study reach.
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Figure 24. Trend of particle distribution within Meadow Creek: Upper study reach.
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Figure 25. Percent fines (< 6 mm) recorded at the Meadow Creek: Mouth and Upper Meadow Creek study reaches in 2005.

Discussion and Conclusions

At Meadow Creek: Mouth study reach, channel surface substrate consisted of 21.80% fines, which exceeded the 20% standard by a small margin. Efforts to decrease fine particles within the stream channel should continue until the objective is met. Pebble count data collected in 2005 will be used as a reference for comparison in future surveys to determine a shift in substrate composition. Results from data collected in 2000 at the Camp 58 Bridge gauging station are inconclusive at this time, but may be also be used as a reference for comparison of future survey data.

In McComas Meadows, channel surface substrate has increased since initial surveys were made, shifting from fine gravel (6 mm) in 1993 to coarse gravel (23 mm) in 2000, a positive change for spawning conditions (McRoberts 2002). The trend continued through 2004, though at a slower pace. This suggests that the stream is close to achieving natural channel substrate size once again. The return to coarse gravel and cobble substrate indicates that restoration efforts have been effective in reducing fine particles and improving spawning and rearing habitat. Future surveys will include a measurement of fine particles less than six millimeters. If the percentage of fine particles exceeds the 20% standard established by the Columbia River Basin Fish and Wildlife Program (NPPC 1994) and the Columbia River Inter-Tribal Fish Commission (CRITFC), restoration efforts to decrease the amount of fines within the stream will continue.

At Upper Meadow Creek study reach, the D16 and D50 particle size increased within a year’s time. The D84 particle size decreased, however. Channel substrate size is a slow response variable, therefore, conclusions will be withheld until additional data from this site can be collected and analyzed. The percentage of fine particles increased drastically by almost 12%, and exceeded the 20% standard in 2004 and 2005. Efforts to decrease fine particles within the stream channel should continue until the objective is met.

Cobble Embeddedness

Description

Cobble embeddedness is a measure of the amount of fine sediment that is deposited in the interstitial spaces between larger stream substrate particles.  Increasing the amount of deposition and thus embeddedness decreases the number of fish a stream can rear (Burns 1985).  Measurements will be taken in habitat areas most critical to spawning and incubation, i.e. the pool tails.

Beginning in 1991, restoration projects within the Meadow Creek watershed were implemented to reduce the amount of fine particles and cobble embeddedness in Meadow Creek and its tributaries. The construction of a fencing exclosure around McComas Meadows in 1991 has limited livestock access to the stream while still providing a constant source of water without the exclosure. This reduces soil disturbance within the stream channel and protects stream banks from hoof shear that causes bank erosion. Recent restoration has included planting riparian vegetation in areas that were heavily impacted by grazing, specifically McComas Meadows. Riparian vegetation provides bank stability and reduces erosion, which reduces the amount of sediment that is deposited into the stream and therefore reduces cobble embeddedness. 

A study of McComas Meadows revealed that restoration activities within the meadow have been effective, as is evidenced by the increase in size of channel substrate from fine gravel (6 mm) to coarse gravel (23 mm) in 2000 (McRoberts 2002). This is a positive change for spawning conditions. In addition, aggradation of the stream channel was halted and the over-widened stream channel began to narrow once again. The following cobble embeddedness survey will assess the condition of spawning habitat within the study areas, and provide direction for future restoration needs.

Field Procedure

Three random samples within each reach were collected.  All potential sampling locations, pool tails, were identified within the reach.  From the list of locations, a simple random sample of three locations was sampled. Each sample consisted of a minimum of 100 particles, for a total of 300 particles per reach.

Cobble embeddedness was measured using a metal hoop, 60 cm in diameter, with an area of 1 m².  The ring was randomly thrown into the designated area for sampling.  The random sampling location must meet the following criteria (Burns 1985): 

1. Float time across the hoop diameter is between 0.9 seconds and 2.5 seconds.

2. Water depth is between 15 cm and 45 cm.

3. No part of the hoop may be in an eddy caused by a pool or large boulder.

4. All particles in the hoop may not be less than 4.5 cm.

5. All particles in the hoop may not be greater than 30 cm. 

If a section of the hoop was all fines (< .35mm) with no exposed rocks, the percentage of the area which was fines should be recorded.  A weighted embeddedness value for the hoop was then calculated using the following equation:

% weighted embeddedness  = (Hoop area in fines (%) * 100) + (Remaining area (%)*% embedded)









            100
Each piece of substrate was measured individually.  Only particles between 4.5 cm and 30 cm, at its greatest axis, were measured.  The free matrix particles were measured first. After all free matrix particles were measured, matrix particles were measured.  Each particle was picked up individually, by grasping it with the thumb and the index finger at the plane of embeddedness.  Using a plexiglass measuring tool or ruler, two measurements, to the nearest mm, were recorded: the depth of the length that was below the plane of embeddedness and the total depth of the rock, which is perpendicular to the plane of embeddedness.  If one hoop did not yield 100 measured particles, an additional hoop was thrown within the same sampling location.  After 100 measurements were taken, all the particles in the last hoop were measured to avoid bias against the most heavily embedded particles.
Standards
The Columbia River Basin Fish and Wildlife Program (NPPC 1994) outlines objectives to limit cobble embeddedness to less than 30 percent or documented historic conditions.  Since no documented historic conditions (prior to impacted conditions) are known to occur for this reach, the goal is to obtain the cobble embeddedness level to less than 30 percent.

Cobble embeddedness data was summarized for each sample. The percentage of embeddedness was then calculated for each sample and averaged for the reach.  For study reaches with past embeddedness data, trend analysis was completed at the reach level to determine what changes were occurring.

If the data reveals that channel material is less than 30% embedded, then the objective for cobble embeddedness is being met.  If not, actions must continue to decrease sediment contributing to the embeddedness problem in this watershed.

Results

Cobble embeddedness surveys were conducted at McComas Meadows study reaches 1-3 during the 2004 field season. McComas Meadows: Reach 1 had the highest percentage of cobble embeddedness, with 62.73% (Figure 26). Upstream at Reach 2, embeddedness was 56.42%. Cobble embeddedness at Reach 3 was even lower, with 50.86%. In 2005, Meadow Creek: Upper was surveyed and the lowest percentage of embeddedness within the watershed was recorded at 43.95%.
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Figure 26. 2004 Cobble embeddedness survey results for McComas Meadows: Reaches 1-3, and 2005 results for Meadow Creek: Upper study reach.
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Figure 27. Cobble embeddedness trend data for McComas Meadows: Reaches 1-3.

Cobble embeddedness data was first recorded in McComas Meadows by the Forest Service in 1993 and 1998. The 1993 data from Reaches 1 and 3 was collected using a 50-particle minimum sample size rather than a 100-particle sample size that was implemented in Reach 2 and subsequent surveys. The percentage of cobble embeddedness in Reaches 1 and 3 at this time were 18.40% and 21.70%, respectively (Figure 27). In comparison, Reach 2 had a much higher percentage of embeddedness, with 49.60%.

In 1998, cobble embeddedness increased drastically in Reaches 1 and 3, to 38.20% and 40.60%, respectively. The percentage of embeddedness in Reach 2 remained stable, maintaining 49.60%.

The Nez Perce Tribe DFRM - Watershed Division continued cobble embeddedness surveys in 2000 and 2004. In 2000, surveys were conducted according to protocol with the exception that five hoops were tossed in each reach, yielding a total of 500+ particles per reach. The percentage of cobble embeddedness in Reach 1 increased to 48.29%. In Reach 2, embeddedness increased to 54.03%, while Reach 3 increased to 46.87%.

Cobble embeddedness surveys in 2004 were conducted according to the protocol outlined at the beginning of this section. Again, an overall increase in the percentage of cobble embeddedness was recorded. Reach 1 exhibited the sharpest increase, to 62.73%. Reach 2 showed the smallest increase, with 56.42%. Cobble embeddedness in Reach 3 was the lowest of the McComas Meadows reaches, with 50.86%.
Discussion and Conclusions
Current levels of cobble embeddedness exceed the objective of 30% or less, indicating a need for additional habitat restoration on Meadow Creek and its tributaries. Meadow Creek: Upper had the lowest percentage of cobble embeddedness in the study area, and yet it still exceeded objectives by almost 14%. At the downstream end of McComas Meadows, cobble embeddedness in Reach 1 exceeds the objective by more than 30%.

Data collected in 2004-2005 showed a trend of increasing cobble embeddedness for each downstream reach (Figure 26). Meadow Creek: Upper study reach is the uppermost reach in the watershed and has the lowest percentage of cobble embeddedness (43.95%). McComas Meadows: Reach 3 is the next study reach downstream and the percentage of cobble embeddedness increased to 50.86%. Continuing downstream is McComas Meadows: Reach 2, where cobble embeddedness is even higher than upstream, at 56.42%. McComas Meadows: Reach 1 is at the downstream end of McComas Meadows and is lower in the watershed than the other three reaches. Here, cobble embeddedness is the highest (62.73%). The data suggests that the percentage of cobble embeddedness may be cumulative, increasing from upper McComas Meadows to the downstream end of McComas Meadows. 

Cobble embeddedness can increase as a result of activities or conditions that cause additional fine particles or sediment to be deposited into the stream. Off-site conditions may increase cobble embeddedness within McComas Meadows when sediment is transported downstream. Farris Creek, Whitman Creek, Orchard Creek, North Meadow Creek, Doe Creek, Swan Creek, and Swede Creek are tributaries of Meadow Creek that would facilitate sediment transport directly to McComas Meadows if sediment entered the watershed upstream due to off-site conditions. 
Off-site disturbances such as timber harvest, road building, over-widening of roads, and grazing can increase the amount of fine particles within the stream through surface erosion and runoff. (Meehan 1991). The detrimental effects of poor land management practices can continue decades later. Timber harvest alone, with its associated activities (road-building, construction of stream crossings, yarding of materials) can cause mass movements of destabilized soil, fish passage barriers, loss of habitat diversity, and sedimentation of streams. In addition, dissolved oxygen concentrations within gravels may drop if logging causes fine organic debris to accumulate on and in streambeds; however, overzealous cleaning of logging debris from stream channels can damage habitat even more (Meehan 1991).
The value of maintaining a buffer strip of streamside vegetation to ameliorate the direct affects of logging activities has been well documented. Streamside vegetation stabilizes streambanks and channels, provides cover, and maintains stream temperatures within fairly well-defined limits. In order to protect the riparian zone from timber harvest, streamside felling or skidding and cross-stream yarding should be avoided entirely (Meehan 1991).
Timber harvest and livestock grazing should be minimized whenever possible in order to reduce the deposition of sediment into the stream. Roads and culverts should be kept in good condition with an active maintenance program. Over-widening of existing roads should be avoided to prevent fines, gravel, and debris from eroding or spilling into streams. Newly constructed roads/culverts should require the minimum degree of excavation necessary, and cut-and-fill slopes should be stabilized with vegetation or artificial structures (Meehan 1991). 
On-site conditions may also contribute to increased cobble embeddedness. The most apparent condition within McComas Meadows that directly affects sediment and fine particles is unstable streambanks. Decades of over-grazing resulted in the deterioration of valuable riparian vegetation that once stabilized streambanks and minimized erosion. Stronger management policies should be implemented that require grazing practices to be compatible with local aquatic habitats, such as providing off-site watering systems and time-specific grazing rotation to allow for the annual growth and seed production of vegetation. Future restoration projects should continue to implement revegetation projects along streambanks and riparian areas to prevent excessive bank erosion.

Surface Fines

Description

Surface fines are considered particles less than 6mm in size—silt or sand. Sediment of this size is generally transported during peak flows and settles out in low-velocity areas as flows decrease, after coarse sediments have been deposited. This results in blanketing of interstitial spaces in pool bottoms and low gradient riffles (USDA 1995). Road building, over-widening of roads, timber harvest, and grazing can increase the amount of fine particles within the stream (Meehan 1991).

Beginning in 1992, restoration projects within the Meadow Creek watershed were implemented to reduce the amount of fine particles in Meadow Creek and its tributaries. The construction of a fencing exclosure around McComas Meadows in 1992 has limited livestock access to the stream while still providing a constant source of water without the exclosure. This reduces soil disturbance within the stream channel and protects stream banks from hoof shear that causes bank erosion. Recent restoration has included planting riparian vegetation in areas that were heavily impacted by grazing, specifically McComas Meadows. Riparian vegetation provides bank stability and reduces erosion, which reduces the amount of sediment that is deposited into the stream. 

Restoration activities within McComas Meadows have significantly reduced the amount of fine particles in Meadow Creek. Pebble count data collected in McComas Meadows between 1993 and 2000 showed an increase in size of channel substrate from fine gravel (6 mm) to coarse gravel (23 mm) (McRoberts 2002). This reduction of fine particles is a positive change for spawning conditions. In addition, aggradation of the stream channel was halted and the over-widened stream channel began to narrow once again. The following surface fines survey will assess the condition of spawning habitat within the study areas, and provide direction for future restoration needs.

Field Procedure
Measurements of surface fines were taken only at pool tailouts and low gradient riffles, as an indicator of salmonid spawning and fry habitat conditions. Surface fines data may be collected in main and side channels, but not in dammed or step pools.

A 49-point clear, plexiglass surface fines grid was tossed in three randomly selected pool tailouts and three randomly selected low gradient riffles within each reach (total of six tosses per reach). Reach locations are detailed in the regional map (Figure 1). At each toss, the observer counted the number of grid-holes in which surface fines could be seen on the channel bottom, directly below the grid. The observer then recorded the total number of holes containing fines for each toss. The percent fines for pool tails and riffle habitat were averaged separately, and then combined to provide the mean percentage of fines within the reach.

Standards
The percentage of fines in each habitat type was determined by adding together the three sample values and dividing by the total number of grid holes in three tosses (147). Data was recorded as an average for the entire reach, but individual habitat values were also kept separate. High percentages of surface fines characterize poor spawning habitat and increased egg/fry mortality, largely due to low levels of dissolved oxygen and diminished habitat. The Columbia River Basin Fish and Wildlife Program (NPPC 1994) adopts a standard of percent fines no greater than 20% in historic spawning or rearing habitat. If surface fines are in excess of 20%, restoration objectives are not being met and additional action must be taken to decrease the percentage of surface fines.
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Figure 28. Average percentage of fines for each study reach.
Results

McComas Meadows: Reach 3 had the highest percentage of surface fines, with an average of 28.16% (Figure 28). Meadow Creek: Mouth and McComas Meadows: Reach 1 shared similar results, with 19.73% and 19.05%, respectively. Percent fines were slightly lower at Upper Meadow Creek, where the average percentage was 17.01%. The lowest levels of surface fines were recorded in McComas Meadows: Reach 2, with 13.61%.

Pool tails in McComas Meadows: Reach 3 had the highest percentage of fines found in either habitat type, with 48.98% (Table 5). The lowest percentage of fines in pool tails (19.73%) were in McComas Meadows: Reach 1. The highest percentage of fines in riffle habitat was at Meadow Creek: Mouth, where the average was 19.05%. Riffles in McComas Meadows: Reach 2 had the lowest percentage of fines overall, with 6.80%. 
Table 5. Average percent fines in pool tail and riffle habitats of each reach.
	
	Pool Tail
	Riffle
	Average

	Meadow Creek: Mouth
	20.41%
	19.05%
	19.73%

	McComas Meadows: Reach 1
	19.73%
	18.37%
	19.05%

	McComas Meadows: Reach 2
	20.41%
	6.80%
	13.61%

	McComas Meadows: Reach 3 
	48.98%
	14.29%
	28.16%

	Meadow Creek: Upper
	23.13%
	10.88%
	17.01%


Discussion and Conclusions
Meadow Creek: Mouth and McComas Meadows: Reach 1 also shared similar results for individual habitat types (Figures 29 and 30). Pool tails at Meadow Creek: Mouth had 20.41% fines, compared to 19.73% in pool tails at McComas Meadows: Reach 1. Riffles at Meadow Creek: Mouth had 19.05% fines, compared to 18.37% in riffles in McComas Meadows: Reach 1 (Table 5).

The pool tails at Meadow Creek: Mouth exceeded the 20% maximum standard. However, with a reach average of 19.73% fines, Meadow Creek: Mouth met this standard. McComas Meadows: Reach 1 also met standards in both habitats by a bare margin.

Reach averages and habitat averages varied less than 1.0% between Meadow Creek: Mouth and McComas Meadows: Reach 1. The three remaining study reaches demonstrated a significant difference between the percent fines in pool tails and the percent fines in riffles (Figures 31-33).

Pool tails at McComas Meadows: Reach 2 exceeded standards with 20.41% fines. In comparison, riffles in the same reach contained only 6.80% fines. This trend was repeated at McComas Meadows: Reach 3, where pool tails contained 48.98% fines compared to 14.29% in riffles in the same reach. Upper Meadow Creek also contained a greater percentage of fines in pool tails (23.13%) compared to riffles (10.88%). The data suggests that pool tails are retaining more fine particles than riffles in these study areas.
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Figure 29. Percent fines in pool tails and riffles Meadow Creek: Mouth study reach.
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Figure 30. Percent fines in pool tails and riffles at McComas Meadows: Reach 1.
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Figure 31. Percent fines in pool tails and riffles at McComas Meadows: Reach 2.
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Figure 32. Percent fines in pool tails and riffles at McComas Meadows: Reach 3.
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Figure 33. Percent fines in pool tails and riffles at Meadow Creek: Upper reach.

Percent fines at McComas Meadows: Reach 3 pool tails (48.98%) were more than two times the maximum standard of 20%. At the time of the survey, only two pool tails existed within the reach. The surface fines grid was tossed once in each pool tail, yielding fine particles at 8 grid points in the first sample and 40 grid points in the second sample (Table 6). The average percent of fines was calculated by dividing the total number of fines at grid points (48) by the total number of grid points possible (98), yielding 48.98% fines for pool tails in Reach 3. It is important to note that the unusually high value of sample two could be a sampling error. In addition, reducing the number of grid tosses from three to two increases the confidence interval of the survey. Data collected in future monitoring samples will be compared to previous data to establish an accurate representation of fine particles within the study reach. In the event that fewer than three pools are found within a reach, the grid toss will be repeated in the remaining pool tails until three samples are completed. Surveyors will ensure that the grid does not overlap its location in a previous toss.

Table 6. McComas Meadows Reach 3 sampling data.
	Meadow Creek: McComas Meadows Reach 3

	Crew: M. Johnson, A. Tompkins, C. Sobotta, B. Hills

	August 24, 2005
	
	Stream Slope: 1.1%

	 
	
	

	
	Pool Tail
	Low Gradient Riffle

	Sample #1
	8
	3

	Sample #2
	40
	5

	Sample #3
	---
	13

	Percent Fines
	48.98%
	14.29%

	 
	
	 

	Average Fines for Reach:
	28.16%


In all five study reaches, the percentage of surface fines was higher in pool tailouts than in riffle habitats. These higher levels may be attributed to site specific habitat conditions, or they may be an indication of the habitat’s capacity to retain fine particles. No correlation between stream slope and percent fines could be found for the study areas.
From July 27 to September 7, 2005, a culvert replacement project was implemented on Doe Creek; a tributary of Meadow Creek located approximately 0.25 miles upstream of the Upper Meadow Creek study reach, and 1.75 miles upstream of the McComas Meadows: Reach 3. During the same time frame, another culvert replacement project was implemented on Frog Pond; an un-named tributary of Meadow Creek located 4.25 miles upstream of the Upper Meadow Creek study reach, and 5.75 miles upstream of the McComas Meadows: Reach 3.

Throughout the construction of a culvert replacement, the stream channel is diverted while the road fill is excavated and a new culvert is installed. The stream is then redirected back into its natural channel. During and shortly after construction, a temporary rise in fines is to be expected. Temporary increases in fines will be washed away after each high flow event. Therefore, subsequent surveys will yield increasingly accurate measures of surface fines.
It is important to note the contribution of fine particles to Meadow Creek as a result of these activities. Surface fines surveys were completed at the study reaches during the time the culvert replacements were implemented (Table 7). It is possible that fine particles from these construction projects were transported and deposited downstream, resulting in higher than usual levels of surface fines in Meadow Creek. Data collected in future monitoring samples will be compared to 2005 data to establish an accurate representation of fines particles within the study reach.

Table 7. Surface Fines survey dates for Meadow Creek study reaches.

	Meadow Creek: Surface Fines Survey Dates

	Meadow Creek: Mouth
	 
	September 14, 2005

	McComas Meadows: Reach 1
	August 17, 2005

	McComas Meadows: Reach 2
	August 25, 2005

	McComas Meadows: Reach 3
	August 24, 2005

	Meadow Creek: Upper
	September 20, 2005


Results indicate that Reach 3 of McComas Meadows is the only study reach where surface fines did not meet the 20% maximum standard, making it the primary target for the reduction of fine particles within the stream channel. Due to changes in stream slope upstream of this reach, some settling of particles is to be expected. At Meadow Creek: Mouth and McComas Meadows: Reach 1, average fines were 19.73% and 19.05%, indicating a need for additional habitat restoration on Meadow Creek and its tributaries, as well as a need to adapt improved management and restoration strategies. 

Off-site disturbances such as timber harvest, road building, over-widening of roads, and grazing can increase the amount of fine particles within the stream through surface erosion and runoff. (Meehan 1991). Timber harvest, with its associated activities (road-building, construction of stream crossings, yarding of materials) can cause mass movements of destabilized soil, fish passage barriers, loss of habitat diversity, and sedimentation of streams. In addition, dissolved oxygen concentrations within gravels may drop if logging causes fine organic debris to accumulate on and in streambeds; however, overzealous cleaning of logging debris from stream channels can damage habitat even more (Meehan 1991). Timber harvest in the upper regions of the watershed is likely contributing to increased sediment within the Meadow Creek watershed.

The value of maintaining a buffer strip of streamside vegetation to ameliorate the direct affects of logging activities has been well documented. In order to protect the riparian zone from timber harvest, streamside felling or skidding and cross-stream yarding should be avoided entirely (Meehan 1991).

Viable spawning and rearing habitat, as well as dissolved oxygen, is diminished when excess fines accumulate in the stream channel. As a result, eggs and fry suffer from increased mortality. Future restoration of habitat along this stream should continue to include specific measures to decrease fines and improve spawning and rearing habitat, such as improving bank stability, reducing the impact of roads located adjacent to the stream channel, and improving the effectiveness of fencing exclosures.

Healthy riparian vegetation effectively stabilizes stream banks, and activities to restore diminished or impacted vegetation should continue. For example, planting riparian seedlings or surrounding immature shrubs and trees with cages to protect them from browsing. 

Roads should be kept in good condition with an active maintenance program. Over-widening of existing roads should be avoided to prevent fines, gravel, and debris from eroding or spilling into streams. Newly constructed roads should require the minimum degree of excavation necessary, and cut-and-fill slopes should be stabilized with vegetation or artificial structures (Meehan 1991).

Fencing exclosures are an effective method for preventing erosion by protecting stream banks from being trampled by livestock. Although fencing exclosures are aggressively maintained on an annual basis, unforeseen problems can occur. If livestock are observed within an exclosure, the appropriate supervisors for the Forest Service and Nez Perce Tribe DFRM-Watershed Division, as well as the livestock owner, will be notified immediately. Fence lines and gates will be examined for damage and any necessary repairs will be made to ensure the exclusion of livestock. Livestock should be removed by the time repairs are completed.

As a part of future monitoring activities, the percentage of surface fines and effectiveness of restoration activities will be evaluated on an annual basis.
Bank Stability

Description
Unstable stream banks can result in erosion and change channel morphology, leading to increased substrate embeddedness and reduced fisheries rearing space and cover.  A stable streambank shows no evidence of any of the following features (Overton et. al. 1997):

1. Breakdown - clumps of bank are broken away and banks are exposed

2. Slumping – banks have slipped down

3. Cracking or Fracture – a crack is visible on the bank

4. Vertical or Eroding – the bank is mostly uncovered (less than 50 percent cover by vegetation, roots, boulders, or logs)

Banks are considered stable where bank angle is less than 65 degrees, cover is greater than 50%, and there are no signs of cracking, slumping, or breakdown. Undercut banks are considered stable unless tension fractures show on the ground surface at the backside of the undercut (Overton et. al. 1997).

Field Procedure

Bank stability measurements were collected within the designated reaches.  Left and right banks (oriented while looking downstream) were measured and recorded separately. Bank stability measurements were collected as length in feet for stable and unstable areas, and recorded on the corresponding data sheet for bank stability.

Bank stability measurements were then tallied to yield a total stable and unstable bank length for each reach. Total length was calculated for the left bank and right bank.  These lengths were then converted to a percentage of total stream bank in stable condition.  Regression analysis was completed for each reach.  Data was plotted as percent stable bank versus year.  If a positive slope occurs, bank stability is increasing.  

Standards

The Columbia River Basin Fish and Wildlife Program (NPPC 1994) outlines objectives to maintain greater than 90 percent of stream banks in stable condition.  If the calculated stable bank is greater than 90 percent, then this objective is being met; if not, then restoration must continue with actions to increase bank stability.
Results
McComas Meadows: Reach 2 had the lowest left bank stability, with 51% (Table 8). The right bank, however, was 91% stable.  Meadow Creek: Upper site had the highest overall bank stability ranking with 98% for the left bank and 100% for the right bank.
Table 8.  Bank stability results for Meadow Creek watershed monitoring sites.

	Year
	Site Name
	Left Bank
	Right Bank

	2005
	Meadow Creek:  Mouth
	87%
	98%

	2001
	McComas Meadows: Reach 1
	72%
	78%

	2001
	McComas Meadows: Reach 2
	51%
	91%

	2001
	McComas Meadows: Reach 3
	62%
	92%

	2005
	Meadow Creek: Upper
	98%
	100%


Discussions and Conclusions

All sites have experienced man-made and natural disturbances upstream of each respective reach.  Bank stability was below the 90% objective established by Columbia River Basin Fish and Wildlife Program at several study reaches (NPPC 1994).  Past land management practices have had a large impact on these reaches in particular.

There are several potential reasons that McComas Meadows: Reaches 1 – 3 had the lowest percentages of bank stability.  One, these stream reaches are classified as C channel types.  C channel types are susceptible to accelerated bank erosion particularly by the presence and condition of the riparian vegetation, whereas B channel types are characterized as being relatively stable (Rosgen 1996).  In contrast, Meadow Creek: Mouth and Meadow Creek: Upper were B channel types.  Meadow Creek: Mouth has a left bank stability of 87% and a right bank stability of 98%.  Meadow Creek: Upper has a left bank stability of 98% and a right bank of 100%.  The McComas Meadows reaches have also experienced more recent direct impacts than the other two study sites, particularly cattle grazing.  Cattle were excluded from McComas Meadows 1991, when a fencing exclosure was constructed around McComas Meadows.  Cattle grazing from previous management practices reduced the amount of riparian vegetation, thus affecting the roots’ capacity to provide bank stabilization. Third, the two sites meeting the 90% stability level had different riparian ecosystems than the McComas Meadows study reaches. The riparian vegetation was dominated by shrubs and trees at Meadow Creek: Mouth and Meadow Creek: Upper study reaches, yet at McComas Meadows: Reaches 1 – 3 the vegetation was dominated by grasses. The grass root system does not protect banks from erosion as effectively as the larger woody vegetation.
Bank stability surveys have not yet been repeated at these study reaches, so regression analysis will be performed after additional surveys have been completed. A trend will also develop as additional data is collected.  Monitoring should continue at until the 90% stability level is met, and to ensure that sites meeting the objective do not fall below 90%.   

Sites not meeting management objectives should have riparian vegetation planted. When applicable, bio-engineering may also be implemented to increase bank stability. Wherever possible, the exclusion of cattle should also continue until bank stability meets the management objective. In an effort to increase bank stability and mitigate grazing effects, restoration of riparian vegetation within McComas Meadows has taken place since 2000. However, wildlife browse has slowed the growth rate of planted shrubs.  Exclusion cages were installed in 2004 at locations within McComas Meadows: Reaches 1 and 2.  Cages will be moved as plants reach an adequate height and trunk width to resist browsing.
Channel Profiles: Cross-sections and Thalweg Profiles
Cross-section and thalweg profiles are measured at all established monitoring reaches. These profiles will be used to collect data for analysis on several features including entrenchment, riffle to pool ratios, pools per mile, and residual pool volume. Stream morphological features such as these help determine the amount and type of habitat available to salmonid fishes and macroinvertebrates. Each habitat plays an important part throughout the lifecycle of salmonids and other fish species, providing a source of food, cover, rearing and spawning habitat. 

Channel Cross-sections

Description
Cross-section measurements are useful for measuring channel form, including cross-sectional area, width, depth, width:depth ratios, and entrenchment.

Field Procedure

Channel cross-sections were measured once for each habitat type (glide, pool, riffle, and run) found within each reach. The location of a cross-section was representative of average stream conditions for that habitat type. For example, at a reach that consisted of pool, riffle, and run habitat, one cross-section was measured at a representative pool, one at a representative riffle, and one at a run—for a total of three cross-sections. The endpoints of each cross-section were permanently marked with rebar stakes.  

All measurements were referenced to a benchmark. A site map or sketch showing the location was also included in the original survey notes.  The benchmark establishes elevation and survey controls, and it serves to relocate the cross-section in the future (Harrelson 1994).  

Each cross-section measurement was started at the left end point, oriented while looking downstream, and measurements were taken at each change in slope.  Whenever possible, the survey instrument was set up on the low terrace so that all sites were easily seen and the level did not have to be moved during the survey. Measurements were always taken at bankfull and the wetted edge of water.  

Standards

The Columbia River Basin Fish and Wildlife Program (NPPC 1994) outlines objectives to improve stream morphology (the structure and quality) to benefit salmon and steelhead. Several stream morphology variables can be analyzed.  For this project, cross-sectional area, width, depth, width:depth ratio, and entrenchment ratio were analyzed (Appendix B). 

Channel Cross-Sectional Area

From the cross-sectional measurements, two channel area measurements were generated: bankfull cross-sectional area and wetted cross-sectional area. Whenever possible, regression analysis, plotting value versus year, was completed to show the trend.

Channel Width

From the cross-sectional measurements, two channel width measurements were generated: bankfull width and wetted width. Whenever possible, regression analysis, plotting value versus year, was completed to show the trend.
Channel Depth

From the cross-sectional measurements, two channel depth measurements were generated: average bankfull depth and average wetted depth. Whenever possible, regression analysis, plotting value versus year, was completed to show the trend.
Width:Depth Ratio

From the channel depth and width measurements, a width: depth ratio was calculated for wetted and bankfull measurements. Whenever possible, regression analysis, plotting value versus year, was completed to show the trend.
Entrenchment Ratio

The entrenchment ratio is the ratio of the width of the flood-prone area to the surface width of the bankfull channel. The flood-prone area width was measured at the elevation that corresponds to twice the maximum depth of the bankfull channel as taken from the established bankfull stage (Rosgen 1996). Whenever possible, this measurement was taken at a riffle cross-section.  The entrenchment ratio was used to estimate the elevation of areas prone to frequent flooding, and determine stream classification type. It was calculated by dividing the flood-prone width by the bankfull width.

Results

Channel profile data was collected at Meadow Creek: Mouth and Meadow Creek: Upper study reaches beginning in 2005. At Meadow Creek: Mouth, bankfull cross-sectional area of the representative pool was calculated at 28.92 ft2 (Figure 34). Bankfull cross-sectional area of the representative riffle was calculated at 53.85 ft2. Bankfull width was significantly greater in riffle habitat than in pool habitat. This resulted in differences in the width:depth ratios, but did not show a significant impact on entrenchment ratio. Maximum thalweg depths of pool and riffle habitat (2.84 ft. and 2.73 ft., respectively) were quite similar. Trend analysis for these characteristics will be completed after additional surveys have been completed.
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Figure 34. Meadow Creek: Mouth results for channel cross-section measurements.

At Meadow Creek: Upper study reach, bankfull cross-sectional area of the pool was 26.68 ft2, while the riffle had a cross-sectional area of 20.47 ft2 (Figure 35). Unlike Meadow Creek: Mouth, bankfull width was slightly greater in pool habitat than in riffle habitat. The width:depth ratios of pools and riffles were nearly the same, as were entrenchment ratios. Maximum thalweg depths of pool and riffle habitat (1.83 ft. and 1.52 ft., respectively) were also very similar.  Trend analysis for these characteristics will be completed after additional surveys have been completed.
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Figure 35. Meadow Creek: Upper results for channel cross-section measurements.
Channel profile data was collected at Meadow Creek: Reaches 1-3 in 1992, 2000, and 2005. Surveys were also conducted in 1997, however, bankfull was not identified at that time. Since measurements based upon water surface elevation are affected by daily variations in stream flow, only bankfull measurements were used for data analysis in this report.

At Reach 1, bankfull cross-sectional area of the pool increased from 12.55 ft2 in 1992 to 58.67 ft2 in 2000, then decreased to 32.75 ft2 in 2005 (Figure 36). A similar, although less dramatic, trend occurred in Reaches 2 and 3. At Reach 2, bankfull area was 30.13 ft2 in 1992, spiked to 55.75 ft2 in 2000, and dropped back to 30.27 ft2 in 2005. At Reach 3, cross-sectional area was lowest in 1992, with 36.13 ft2. The highest bankfull area recorded at Reach 3 was 56.80 ft2 in 2000, before decreasing to 38.84 ft2 in 2005. 

At Reach 1, bankfull cross-sectional area of the riffle also increased from 1992 to 2000 (16.97 to 40.77 ft2), and decreased to 33.01 ft2 in 2005 (Figure 37). Again, Reaches 2 and 3 showed similar trends to Reach 1 results. Bankfull cross-sectional area increased in 2000 and decreased in 2005. 
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Figure 36. Bankfull cross-sectional area of pool habitat within McComas Meadows: Reaches 1-3.
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Figure 37. Bankfull cross-sectional area of riffle habitat within McComas Meadows: Reaches 1-3.

At Reach 1, the bankfull width of pool habitat increased from 1992 to 2000 (22.5 feet to 28.45 feet), followed by a decrease in 2005 (23.63 feet). Overall, bankfull width of pool habitat in McComas Meadows: Reaches 2 and 3 has decreased since 1992, despite an increase in 2000 (Figure 38).
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Figure 38. Bankfull width of pool habitat in McComas Meadows: Reaches 1-3.

Bankfull width of riffles in Reaches 1-3 increased from 1992 to 2000, and decreased from 2000-2005. At Reach 1, however, an overall increase in bankfull width of riffle habitat occurred between 1992 and 2005, from 21.63 feet to 24.82 feet (Figure 39). At Reach 2, an overall decrease in bankfull width occurred, dropping from 22.36 feet in 1992 to 16.34 feet in 2005. Bankfull width at Reach 3 increased overall by a margin of 0.91 feet.

[image: image36.emf]McComas Meadows: Reaches 1-3

Bankfull Width of Riffles

1992-2005

0

5

10

15

20

25

30

35

40

1992 2000 2005

Width (ft)

Reach 1 Reach 2 Reach 3


Figure 39. Bankfull width of riffle habitat in McComas Meadows: Reaches 1-3.
At McComas Meadows: Reaches 1-3, the trend of maximum thalweg depth (pools and riffles) continued to increase from 1992-2000, followed by a decrease from 2000-2005. The maximum thalweg depth of pool habitat at Reach 1 increased from 0.98 feet in 1992, to 2.17 feet in 2005 (Figure 40). Reach 2 also exhibited an overall increase from 1992-2005. Reach 3, however, experienced an overall decrease in maximum thalweg depth of pool habitat (2.96 feet in 1992 to 2.76 feet in 2005). In riffle habitat, all three McComas Meadows study reaches exhibited a net increase in maximum thalweg depth from 1992-2005 (Figure 41).
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Figure 40. McComas Meadows: Reaches 1-3 maximum pool thalweg depths, 1992-2005.
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Figure 41. McComas Meadows: Reaches 1-3 maximum riffle thalweg depths, 1992-2005.

Between 1992 and 2000, the width:depth ratio of riffle habitat in Reach 1 plummeted from 40.34 to 18.08. It increased only slightly in 2005, when it reached 18.66 (Figure 42). Reach 2 displayed a similar trend, dropping from 31.09 in 1992 to 19.43 in 2000. However, the width:depth ratio continued to decrease after 2000, reaching 18.38 in 2005. At Reach 3, the width:depth ratio actually increased between 1992 and 2000, from 26.93 to 30.36. This was followed by a more dramatic decrease from 2000-2005, when the width:depth ratio reached 24.56.

The entrenchment ratio of Reach 1 has remained relatively stable since 1992, dropping only slightly from 1.34 to 1.22 before returning to 1.34 in 2005 (Figure 43). Reach 2, however, has steadily become more entrenched, increasing from 1.42 to 1.81 and reaching 2.11 in 2005. Reach 3 experienced a decrease in entrenchment from 1992-2000, dropping from 2.34 to 2.12. The entrenchment ratio of Reach 3 reached a peak in 2005, when it was 2.78.
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Figure 42. McComas Meadows: Reaches 1-3, width:depth ratio of riffle habitat, 1992-2005.
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Figure 43. McComas Meadows: Reaches 1-3, entrenchment ratio of riffle habitat, 1992-2005.

Discussion and Conclusions
Stream channel stability is attained when the channel dimension, pattern, and profile are maintained over time with the stream neither aggrading nor degrading.  A stream must be able to transport sediment, bedload and suspended sediment, consistently over time in synchronization with the local scour and deposition.  If a stream channel migrates laterally and maintains bankfull width and width:depth ratio, then the stream is considered to be an active, self-maintaining system (Rosgen 1996).

The bankfull stage and correlating stream flows provide the formation, maintenance, and dimensions of the stream channel as it exists under the current conditions.  Bankfull stage has been used by Leopold, Dunne, Rosgen, and many others to form correlations between bankfull discharge and the channel dimensions of area, width, and depth at this flow.  Dunne and Leopold (1978) defined bankfull as “The bankfull stage corresponds to the discharge at which channel maintenance is the most effective, that is, the discharge at which moving sediment, forming or removing bars, forming or changing bends and meanders, and generally doing work that results in the average morphologic characteristics of channels.” The channel dimensions can be affected by such activities as channelization, changes in riparian vegetation through management activities, changes in the hydrograph, and changes in the sediment regime.

Meadow Creek: Mouth study reach is B-type stream that is moderately entrenched with a width:depth ratio of 19.42, and a bankfull width of 32.34 feet in riffle habitat. The maximum thalweg depth of pool and riffle habitats was 2.84 feet and 2.73 feet, respectively. Cross-sectional area was greater in riffles, due to their wider bankfull width. In comparison, Meadow Creek: Upper study reach is a F-type stream that is moderately entrenched with a width:depth ratio of 20.08, and a bankfull width of 20.27 in riffle habitat. The maximum thalweg depth of pool and riffle habitats was 1.83 feet and 1.52 feet, respectively. Bankfull width was slightly wider in pool habitat than in riffles. The greater bankfull width and thalweg depth resulted in pools with greater cross-sectional area than riffles. Subsequent surveys will help determine changes in stream morphology within these two study reaches.

Trend data from McComas Meadows study reaches consistently displayed a peak in bankfull parameters during the year 2000. This may indicate a variation in the identification of bankfull between survey years. Overall, the trend of McComas Meadows: Reaches 1-3 appears to be the formation of a stable stream channel. Subsequent surveys will continue to establish the trend of any changes in stream morphology.

Bankfull width at McComas Meadows: Reach 1 remained relatively stable throughout 1992-2005. However, maximum thalweg depth increased during that time, resulting in an increase in bankfull cross-sectional area. Changes in the width:depth ratio correlated directly to changes in maximum thalweg depth. When thalweg depth increased from 1992-2000, width:depth ratio decreased. Conversely, when thalweg depth decreased from 2000-2005, width:depth ratio increased. Entrenchment ratio of Reach 1 has remained relatively stable since 1992.

At McComas Meadows: Reach 2, bankfull width declined slightly from 1992-2005. At the same time, maximum thalweg depth increased, resulting in virtually no change in cross-sectional area from 1992-2005. Similar to Reach 1, changes in width:depth ratio correlated directly to changes in maximum thalweg depth from 1992-2000. However, the continued decrease in the width:depth ratio from 2000-2005 was due to the dramatic decrease of bankfull width during that time. Entrenchment ratio of Reach 2 has steadily increased, likely due to the decrease of bankfull width since 1992.

At McComas Meadows: Reach 3, the bankfull width of pools declined while the bankfull width of riffles increased slightly. Due to an increase in bankfull width and thalweg depth of riffle habitat, cross-sectional area increased in riffles from 1992-2005. The increased width:depth ratio from 1992-2000 was largely due to increased bankfull width. From 2000-2005, the decrease in the width:depth ratio was due to the decreased bankfull width. Changes in entrenchment ratio show an inverse correlation to changes in bankfull width. Therefore, when bankfull width increased from 1992-2000, entrenchment decreased. When bankfull width decreased from 2000-2005, entrenchment increased.

Thalweg (Longitudinal) Profile

Description
Thalweg profile measurements are used to determine changes in channel shape on a longitudinal scale. These measurements also determine habitat conditions and pool frequency within a reach, as well as aggradation or degradation of the stream channel, important variables for salmonid rearing and over-wintering habitat.

Field Procedure

Thalweg profiles were measured within the designated reaches for the entire reach length.  Measurements were taken at the water surface, bankfull, low bank, and thalweg at each riffle, pool, or significant change in channel slope perpendicular to the stream flow (Harrelson 1994).  Measurements were recorded using the same survey instrument used for cross-sectional surveys. 

Standards

The Columbia River Basin Fish and Wildlife Program (NPPC 1994) outlines objectives to improve stream morphology (the structure and quality) to benefit salmon and steelhead. Several stream morphology variables were analyzed to determine changes in channel shape, habitat conditions, and aggradation or degradation of the stream channel.  Longitudinal profile data was analyzed to determine residual pool depth, pools per mile, and riffle to pool ratios.

Residual Pool Depth

Pools are defined as the area of the stream channel that would have a concave profile along the longitudinal axis of the stream, or the area of the stream channel that would contain water, even if there were no flow (MacDonald 1991).  Residual depth is the difference in depth or bed elevation between the max pool depth and the downstream riffle crest (Lisle 1987).  

A decrease in residual pool depth is a direct indication of decreased pool volume.  

The Columbia River Basin Fish and Wildlife Program (NPPC 1994) outlines objectives to actively restore riparian vegetation if there is a declining trend in pool volume or frequency.  

Residual depth was calculated for each pool from the data generated from thalweg profiles.  The average residual pool depth for the reach was also computed. Whenever possible, trend analysis was performed, plotting average residual pool depth versus year, to show trends within the study reach.  A positive slope indicates that pool depth is increasing, therefore generating more habitat area for adult salmonids.  A negative slope indicates that pool depth is decreasing, which suggests that active restoration is necessary (i.e. riparian vegetation restoration or reducing road densities and other sources of sediment).

Pools Per Mile

Pools per mile was calculated from the number of pools counted within the total length of the reach. 


          5280 ft         
x      # of pools within the reach      =     Pools Per Mile


Length of reach (ft)

Fewer pools per mile indicate insufficient spawning, rearing and over-wintering habitat. A lack of pools suggests poor overall habitat inconducive to fish survival and reproduction. The following standards assess whether or not each reach provides a sufficient amount of pool habitat for spawning and rearing of salmonid species.
According to Leopold (1964), a meandering channel is expected to have pools spaced at repeating distances of 5 to 7 bankfull widths.  Streams with step-pool morphology are expected to have a pool spacing based on 2 to 4 bankfull widths (Leopold et al 1964). To facilitate data analysis, expected pool spacing based on bankfull widths was converted to pools per mile. The recommended number of pools per mile based upon Leopold’s standards is listed with the longitudinal profile results Table 9.
According to standards established by the Columbia River Basin Fish and Wildlife Program (NPPC 1994), the optimum number of pools per mile is based on wetted channel width (Table 24). Wetted channel width dimensions are listed with the channel profile results under Appendix B. The wetted width, bankfull width, recommended pools per mile, and actual pools per mile in each reach are summarized in Table 10.
Table 9. NPPC 1994 recommended pools per mile based on wetted width.
	NPPC 1994 Standard

	Wetted Width (ft):
	5
	10
	15
	20
	25
	50
	75
	100
	125
	150
	175
	200

	Pools per Mile
	184
	96
	70
	56
	47
	26
	23
	18
	14
	12
	10
	0


Table 10. Meadow Creek watershed pools per mile compared to recommended pools per mile based upon wetted and bankfull widths.

	 
	Year
	Actual Pools per Mile
	Recommended NPPC
	Recommended Leopold
	Wetted Width
	Bankfull Width

	Meadow Creek: Mouth
	2005
	95.14
	70
	41-82
	14.76
	32.34

	McComas Meadows: Reach 1
	1997
	40.82
	70
	27-38
	15.03
	*

	 
	2000
	47.38
	70-96
	28-39
	12.92
	27.15

	 
	2005
	47.81
	70-96
	30-43
	12.58
	24.82

	McComas Meadows: Reach 2
	2000
	37.60
	70-96
	26-37
	11.19
	28.76

	 
	2005
	34.25
	96
	46-65
	9.78
	16.34

	McComas Meadows: Reach 3
	2000
	32.27
	70-96
	24-33
	11.98
	31.90

	 
	2005
	39.85
	70-96
	32-45
	14.43
	23.75

	Meadow Creek: Upper
	2005
	124.90
	70-96
	37-52
	14.49
	20.27


Riffle:Pool Ratios

Riffle to pool ratios were determined from data collected in the longitudinal profile. The percentage of riffle habitat within the reach was divided by the percentage of pool habitat within the reach to calculate the riffle:pool ratio. The ideal riffle:pool ratio is 1, where riffles and pools exist in nearly equal proportions. High riffle:pool ratios suggest a lack of rearing/over-wintering habitat for salmonids. Ratios also provide baseline data to characterized habitat stability. 

Results

Longitudinal profile data was collected at Meadow Creek: Mouth and Meadow Creek: Upper study reaches beginning in 2005. Average residual pool depth varied from 0.97 feet at Meadow Creek: Mouth to 0.56 feet at Meadow Creek: Upper study reach (Figure 44). Trend analysis for longitudinal profile characteristics will be fulfilled after additional surveys have been completed.

Longitudinal profile data was collected at Meadow Creek: Reaches 1-3 in 1997, 2000, and 2005. Average residual pool depth at Reaches 1 and 2 declined slightly from 1997-2000, but increased from 2000-2005 (Figure 45). In 2005, average residual pool depth was 1.1 feet at Reach 1 and 1.21 feet at Reach 2. Reach 3 displayed a different trend, increasing steadily from 0.95 feet in 1997 to 1.2 feet in 2005.
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Figure 44. Average residual pool depth at Meadow Creek: Mouth and Upper study reaches in 2005.
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Figure 45. Average residual pool depth at McComas Meadows: Reaches 1-3, surveyed in 1997, 2000, and 2005.

Meadow Creek: Upper study reach contained a greater number of pools per mile (124.90) than Meadow Creek: Mouth study reach (95.14, Figure 46). The number of pools per mile at Reach 1 increased from 40.82 in 1997 to 47.81 in 2005 (Figure 47). At Reach 2, available survey data revealed a decrease from 37.60 pools per mile in 2000 to 34.25 pools per mile in 2005. However, pools per mile increased at Reach 3 during that time, from 32.27 in 2000 to 39.85 in 2005.
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Figure 46. Pools per mile at Meadow Creek: Mouth and Upper study reaches in 2005.
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Figure 47. Pools per mile at McComas Meadows: Reaches 1-3, surveyed in 1997, 2000, and 2005.

The riffle:pool ratio of Meadow Creek: Mouth study reach was 1.44 in 2005. Meadow Creek: Upper displayed similar results during that year, with a riffle:pool ratio of 1.38 (Figure 48). McComas Meadows: Reaches 1 and 2 displayed trends very similar to each other, with a decreased riffle:pool ratio from 1997-2000 followed by an increase from 2000-2005 (Figure 49). McComas Meadows: Reach 3 had a high riffle:pool ratio of 1.44 in 1997. This dropped significantly to 0.85 in 2000, then increased to 0.96 in 2005. 
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Figure 48. Riffle:Pool ratio of Meadow Creek: Mouth and Upper study reaches in 2005.
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Figure 49. Riffle:Pool ratio of McComas Meadows: Reaches 1-3, surveyed in 1997, 2000, and 2005.

Discussion and Conclusions

Watershed disturbances as a result of management practices and activities in riparian areas can have a negative impact on pools.  Pools are particularly important to fish ecology.  Anadromous fish utilize pools through out their life history.  Young of the year use deep pools for protection from predators and as a thermal refuge to escape higher summer water temperatures.  Adults use pool tailouts for spawning due to take advantage of hydrologic characteristics.  Monitoring of residual pool depths is essential to determine any increase or decrease in pool habitat for salmonids.  A decrease in residual pool depth indicates that active restoration should be initiated to increase the amount of habitat. Data collected at Meadow Creek: Mouth and Upper study reaches in 2005 established baseline characteristics for each study reach. 
Residual Pool Depth
The trend of residual pool depth from 1997-2005 was relatively stable within McComas Meadows: Reaches 1 and 2. Residual pool depths decreased slightly, but returned to previous levels by 2005. Reach 3, however, displayed a trend of steadily increasing residual pool depth. This was a positive trend that indicates increased habitat available for salmonid species. Baseline data collected at Meadow Creek: Mouth indicates that residual pool depth at the mouth of Meadow Creek (0.97 feet) was only slightly less than at McComas Meadows: Reaches 1-3. However, Meadow Creek: Upper study reach was quite shallow in comparison, with a residual pool depth of 0.56 feet. The difference may be attributed to the location of Meadow Creek: Upper reach, as it is highest in the watershed and therefore receives less water from tributaries and runoff than downstream reaches.

Pools per Mile
With the exception of McComas Meadows: Reach 2, all study reaches met Leopold’s recommended number of pools per mile based upon bankfull width spacing. However, Meadow Creek: Mouth and Upper study reaches were the only reaches to meet both Leopold’s and the NPPC standard.
Meadow Creek: Mouth study reach consisted of step-pool morphology, with approximately 95.14 pools per mile. This exceeded the number of pools per mile recommended by Leopold’s standards (41-82) and Columbia River Basin Fish and Wildlife Program standards (70 pools per mile).
McComas Meadows: Reach 1 consisted of a meandering stream channel morphology.  This reach contained approximately 47.38 pools per mile in 2000 and 47.81 pools per mile in 2005, exceeding Leopold’s standards in both years. However, they did not meet the standards established by the Columbia River Basin Fish and Wildlife Program.  

In 2000, McComas Meadows: Reach 2 contained 37.60 pools per mile and exceeded Leopold’s recommended range of 26 – 37 pools per mile. It did not meet the NPPC standard of 70-96 pools per mile. In 2005, the same reach contained 34.25 pools per mile, which still did not meet the NPPC standard. Due to changes in bankfull width, Leopold’s recommended number of pools per mile increased to 46-65 in the year 2005. Therefore, Leopold’s standard also was not met that year.
McComas Meadows: Reach 3 met Leopold’s standards for pools per mile in 2000 and 2005.  This study reach contained 32.27 pools per mile in 2000 and 39.85 pools per mile in 2005. Reach 3 did not meet the NPPC standards (70 – 96 pools per mile) in 2000 or 2005.
Meadow Creek: Upper study reach contained approximately 124.90 pools per mile.  This exceeded Leopold’s recommended range of 37-52 pools per mile.  The higher than normal number of pools per mile may be due to the higher stream slope that characterized the study reach. This reach also exceeded the NPPC standard of 70 to 96 pools per mile in 2005.
Overall, the number of pools per mile met Leopold’s standards at all study reaches except McComas Meadows: Reach 2, where changes in bankfull width dictated that it should contain a greater frequency of pools. Channel morphology does change over time, and future surveys may reveal that the number of pools per mile increased at a slower pace than bankfull width. 
Riffle:Pool Ratio

Riffle:pool ratio was highest at Meadow Creek: Mouth and Upper study reaches in 2005, indicating that these reaches contain significantly less pool habitat than riffle habitat. Future surveys will establish whether the amount of pool habitat is increasing or decreasing. Within McComas Meadows, riffle:pool ratio was lowest at Reaches 1 and 2, with ratios of less than 0.5. The low ratio indicates an abundance of pool habitat and less riffle habitat. Numerous pools provide good rearing habitat. However, riffles are also important for their ability to increase dissolved oxygen and habitat diversity. The riffle:pool ratio at McComas Meadows: Reach 3 changed drastically between 1997-2005, shifting from riffle dominated habitat to pool dominated habit before stabilizing at nearly equal proportions (49% riffle and 51% pool).
Subsequent monitoring surveys will provide the data necessary to determine if the amount of pool habitat is increasing (positive trend) or decreasing (negative trend) within each study reach.
Macroinvertebrates
Description

The abundance, density, or number of aquatic macroinvertebrates per unit area is an indicator of habitat availability and fish food abundance. Macroinvertebrates have also been used to detect nutrient enrichment, high sediment loads, low dissolved oxygen, and thermal impacts (National Aquatic Monitoring Center 2004).

Macroinvertebrate samples were collected at McComas Meadows study reaches from 2003-2005. Beginning in 2005, samples were also collected at Meadow Creek: Mouth and Meadow Creek: Upper study reaches.
Field Procedure

Kick-net samples were taken at each reach, in three randomly selected low gradient riffle habitats. One person held a 1000 μm mesh serber sampler securely in place while a second person kicked up the substrate directly upstream of the serber for one minute. Samples were rinsed into a bucket or appropriate container after each sample to prevent the loss of macroinvertebrates back into the stream. Macroinvertebrate samples were transferred to a labeled container filled with approximately 75% ethanol, leaving no headspace.

Standards
Data from samples collected in 2003 were analyzed by the National Aquatic Monitoring Center in Logan, Utah. The first 600 macroinvertebrates encountered from each sample were identified by genus. Families of macroinvertebrates have an assigned Hilsenhoff Biotic Index (HBI) value from 0-10, where 10 represents taxa found only in severely polluted waters. The HBI value was used to determine the abundance of pollution intolerant and tolerant taxa in a reach. This index helps detect high sediment loads, low dissolved oxygen, and thermal impacts, based upon the abundance or lack of macroinvertebrates tolerant/intolerant of these conditions. HBI values indicate the following water conditions:
0-2 Clean

2-4 Slightly Enriched

4-7 Enriched

7-10
Polluted

A lack of pollution intolerant macroinvertebrates will indicate a need for continuing restoration activities.

Beginning in 2005, macroinvertebrates samples will be analyzed by EcoAnalysts, Inc. in Moscow, Idaho according to Idaho DEQ protocol. This protocol utilizes a muli-metric index of macroinvertebrate species and sub-species to identify streams impacted by pollution. An absence of macroinvertebrates that inhabit unpolluted water will indicate a need for continued restoration.
Results

The data analysis report for macroinvertebrate samples collected in 2003 was received by the Nez Perce Tribe Watershed Division in 2005. However, results for 2004 and 2005 data have not yet been received at this time. 

The macroinvertebrates sampled in 2003 were collected at three locations within McComas Meadows. Sample 1 was collected downstream of the Camp 58 Bridge, while Sample 2 was collected upstream of the bridge. Sample 3 was collected in Meadow Creek as well, at a location upstream of the confluence with Doe Creek.
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Figure 50. Hilsenhoff Biotic Index (HBI) scores for three samples taken within McComas Meadows, 2003.
Sample 3, taken upstream of the confluence of Meadow Creek and Doe Creek, received an HBI score of 1.20 that indicates relatively clean stream conditions with little organic enrichment. Moving downstream, Sample 2 received an HBI score of 2.94, indicating slight organic enrichment. Sample 1 was located farthest downstream and received the highest HBI score of 3.45, which also indicates slight organic enrichment. 
Discussion and Conclusions
While none of the samples indicated polluted stream conditions, an interesting trend occurred. The HBI scores indicated a trend of increasing organic enrichment for each downstream sample location, suggesting that organic enrichment is accumulating downstream. 

Conclusions for 2004 and/or 2005 macroinvertebrate samples will be withheld until results have been received from the laboratory. 
Salmonid Densities

Description

Snorkeling stations for long-term monitoring have been established within the Meadow Creek watershed by the Nez Perce Tribal Hatchery Monitoring and Evaluation Project (BPA Project # 198335003). The Watershed Division of the Nez Perce Tribe also established additional snorkeling sites, beginning in 2003, so that data can be calculated for all established reaches. These snorkeling sites can be located on the GIS watershed site map (Figure 1). Snorkeling surveys are conducted on an annual basis to assess population densities, species composition, and age distribution.

Field Procedure

Snorkel surveys to date were conducted for the entire length of each study reach. Snorkel surveys were conducted at McComas Meadows: Reaches 1-3 from 2003 to 2005. 

In order to maximize the snorkelers’ ability to accurately count fish, minimum depth, temperature, and visibility requirements were met before surveys were conducted. The area to be surveyed was deep enough to enable snorkelers to submerge a mask, since shallow water can limit the snorkelers’ ability to view fish hiding beneath and behind obstructions. As temperatures decline, stream-dwelling salmonids in the Intermountain West typically migrate or seek concealment cover. Therefore, surveys were only conducted when water temperatures exceeded 9 degrees Celsius. In addition, poor visibility can severely limit an observer’s ability to count fish reliably. The water was also clear enough to allow snorkelers to see the stream bottom in the deepest habitat unit, identify fish by species, and detect fish trying to avoid the snorkeler. (Thurow 1994)

Snorkeling surveys were conducted according to the methods outlined in the General Technical Report Underwater Methods for Study of Salmonids in the Intermountain West (Thurow 1994). The census was performed by observers moving slowly upstream, while identifying the species and estimating the length of each fish seen. The observers moved together up the center of the stream or along natural habitat breaks. Each person was responsible for identifying the fish in their section of the stream. An additional observer and/or recorder walked behind the snorkelers and recorded fish count data and took habitat measurements to use for population density calculations. It was important that any crew members not snorkeling stayed a sufficient distance behind the snorkelers in order to avoid scaring fish before they were counted. Species, size and age were recorded as follows:


Cutthroat trout (Oncorhyncbus clarki): length in inches


Brook trout (Salvelinus fontinalis): length in inches

            Steelhead trout (Oncorhynchus mykiss): length in inches

            Bull trout (Salvelinus confluentus): length in inches

            Coho salmon (Oncorhynchus kisutch): length in inches

            Chinook salmon (Oncorhynchus tshawytscha): (Y) Smolt - (Z) Juveniles

Presence or absence of additional aquatic species (fish, amphibians, etc.) was noted on the data sheet.

Standards
Data was analyzed by the Nez Perce Tribe Watershed Division. Densities of fish per square meter of habitat were calculated for each of the species listed above. Results and summaries are shared with all interested parties.

Results
Population densities of salmonid species decreased from 2003 to 2005 (Table 11). Brook trout, however, consistently increased in population density within all three study reaches. Cutthroat trout also increased in population density during this time. 
Table 11.  Fish densities at McComas Meadows: Reaches 1 – 3.
	McComas Meadows: Reach 1
	
	
	
	
	
	

	 
	Density (fish/m2)

	Year
	Chinook (Z)
	Chinook (Y)
	Steelhead 2"
	Steelhead 3"
	Steelhead 4"
	Steelhead 4" <
	Bull Trout
	COS
	Brook Trout
	Cutthroat

	2003
	0.002
	0.000
	0.001
	0.004
	0.026
	0.013
	0.000
	0.007
	0.000
	0.002

	2004
	0.000
	0.000
	0.064
	0.014
	0.016
	0.064
	0.000
	0.000
	0.007
	0.018

	2005
	0.000
	0.000
	0.001
	0.000
	0.001
	0.024
	0.000
	0.000
	0.008
	0.009

	
	
	
	
	
	
	
	
	
	
	

	McComas Meadows: Reach 2
	
	
	
	
	
	

	 
	Density (fish/m2)

	Year
	Chinook (Z)
	Chinook (Y)
	Steelhead 2"
	Steelhead 3"
	Steelhead 4"
	Steelhead 4" <
	Bull Trout
	COS
	Brook Trout
	Cutthroat

	2003
	0.189
	0.008
	0.004
	0.007
	0.013
	0.007
	0.001
	0.035
	0.003
	0.001

	2004
	0.000
	0.000
	0.045
	0.014
	0.014
	0.073
	0.000
	0.000
	0.026
	0.003

	2005
	0.000
	0.000
	0.000
	0.000
	0.000
	0.019
	0.000
	0.000
	0.173
	0.019

	
	
	
	
	
	
	
	
	
	
	

	McComas Meadows: Reach 3
	
	
	
	
	
	

	 
	Density (fish/m2)

	Year
	Chinook (Z)
	Chinook (Y)
	Steelhead 2"
	Steelhead 3"
	Steelhead 4"
	Steelhead 4" <
	Bull Trout
	COS
	Brook Trout
	Cutthroat

	2003
	0.189
	0.008
	0.004
	0.007
	0.013
	0.007
	0.001
	0.035
	0.003
	0.001

	2004
	0.000
	0.000
	0.002
	0.013
	0.043
	0.082
	0.000
	0.007
	0.032
	0.012

	2005
	0.000
	0.000
	0.000
	0.000
	0.000
	0.019
	0.000
	0.000
	0.173
	0.019


Discussion

Stream conditions have an affect on salmonid populations.  Channel morphology, gradient, surface and instream cover, stream flow, and stream temperature all play a role in fish abundance.  The various life stages of salmonids have different requirements for adequate water depth and water quality and sufficient stream flows.  An increase in cover, either instream or overhead, usually increases the complexity of available space.  This increase in available space also increases the carrying capacity of the stream.  

The area of the stream an individual fish utilizes is determined by factors such as food abundance, predators present, habitat complexity, and competition with other aquatic species (Chapman 1966).  These factors can limit the number of fish occupying suitable habitat available.  A habitat may have an abundant food supply, but predators occupying the same habitat can cause a decrease in salmonid density. Therefore, the diversity of stream habitat quality and quantity can lead to a wide variation in measured salmonid densities. 
In 2003, juvenile Chinook were observed at a density of 0.002 fish/m2 within Reach 1. No Chinook were observed in 2004 and 2005.  The absence of juvenile Chinook correlates with the absence of salmon redds in 2004 and 2005. The presence of salmon redds was documented in 2002, however, which could explain why juvenile Chinook were observed only in 2003.
All size classes of juvenile steelhead were observed in 2003 and 2004.  Juvenile steelhead in the 3-inch size class were not observed in 2005.  The population densities of 2-inch and 4-inch size classes peaked in 2004 with 0.064 fish/m2 for both size classes.  No bull trout were observed within Reach 1 from 2003 to 2005.  Juvenile Coho were observed within Reach 1, with a population density of 0.007 fish/m2. However, Coho were not found in 2004 or 2005.  Brook trout were observed in 2004 and 2005 with population densities of 0.007 and 0.008 fish/m2, respectively. The cutthroat trout population peaked in 2004, when population density reached 0.018 (Figure 51).  Overall, population densities within McComas Meadows: Reach 1 were lower than those observed in McComas Meadows: Reaches 2 and 3.
[image: image85.png]Meadow Creek Watershed





Figure 51.  Fish densities of McComas Meadows: Reach 1.

In 2003, juvenile Chinook were observed within McComas Meadows: Reach 2 at a population density of 0.189 fish/m2. No juvenile Chinook could be found within Reach 2 in 2004 or 2005. Juvenile steelhead of all size classes were observed in 2003 and 2004, whereas the juvenile steelhead observed in 2005 were in the 4-inch size class only. The 2-inch and 4-inch size classes peaked in 2004 with population densities of 0.064 fish/m2 each. Bull trout were observed in 2003 with a population density of 0.001 fish/m2. Due to the extremely low population density and lack of sightings during subsequent surveys, it is possible that the bull trout observed in 2003 was a misidentification.  Juvenile Coho salmon were observed at a population density of 0.007 fish/m2 in 2003, but none were seen in 2004 or 2005.
The brook trout population density has increased steadily since 2003, reaching 0.173 fish/m2 in 2005. Brook trout far surpassed salmonid species population densities in 2005, and may be out-competing salmonids. The correlation between declining salmonid population densities and increasing brook trout densities support this theory. Habitat conditions may also be more favorable to brook trout than salmonids.

The cutthroat trout population increased from 0.001 fish/m2 in 2003 to 0.019 fish/m2 in 2005 (Figure 52). Overall, population densities within McComas Meadows: Reach 2 were higher than those observed in McComas Meadows: Reach 1.
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Figure 52.  Fish densities of McComas Meadows: Reach 2.

In 2003, the population density of juvenile Chinook within McComas Meadows: Reach 3 was 0.189 fish/m2. Chinook smolts were also identified and had a population density of  0.008 fish/m2.  There were no juvenile Chinook or Chinook smolts observed in 2004 or 2005. Steelhead of all size classes were observed 2003.  The 3-inch size class had the greatest population density, with 0.013 fish/m2. In 2004, the 4-inch size class had the highest population density, with 0.082 fish/m2. In 2005, the only steelhead observed were within the 4-inch size class, with a population density of 0.019 fish/m2. The decrease in population density in 2005 may be explained by the possibility that 4-inch steelhead in 2004 migrated out of the watershed, leaving only resident populations behind.

Bull trout were observed in 2003 with a population density of 0.001 fish/m2. Due to the extremely low population density and lack of sightings during subsequent surveys, it is possible that the bull trout observed in 2003 was a misidentification. Coho salmon were identified in 2003 and 2004, with densities of 0.035 fish/m2 and 0.007 fish/m2, respectively. 
The brook trout population density has increased steadily since 2003, reaching 0.173 fish/m2 in 2005. Brook trout far surpassed salmonid species population densities in 2005, and may be out-competing salmonids. The correlation between declining salmonid population densities and increasing brook trout densities support this theory. Habitat conditions may also be more favorable to brook trout than salmonids. 

The cutthroat trout population increased from 0.001 fish/m2 in 2003 to 0.019 fish/m2 in 2005 (Figure 53). Overall, population densities within McComas Meadows: Reach 3 were higher than those observed in McComas Meadows: Reaches 1 and 2.  
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Figure 53.  Fish densities of McComas Meadows: Reach 3.

Overall, population densities of fish within the study reaches declined from 2003 to 2005, with the exception of brook trout. The increased density of brook trout indicates that they are out-competing native species of fish and salmonids. 
The carrying capacity of a stream varies with quality of habitat, availability of food, and competition between species. High water temperature and lack of instream and overhead cover could also be limiting salmonid populations. The riparian communities and stream habitats change within McComas Meadows. Reach 3 is at the upstream end of McComas Meadows, and has the most developed riparian area, providing shade, cooling water temperatures, while providing fish with instream cover from predators.  McComas Meadows: Reach 2 is located downstream of Reach 3, and contains much less riparian vegetation. McComas Meadows: Reach 1 is further downstream, where very little riparian vegetation exists at all. The lack of vegetation leaves fish exposed to predators and allows sunlight to heat water temperatures to levels fatal to native coldwater species such as salmonids and bull trout.
In addition, the increasing density of brook trout populations along with decreasing density of native fish species may indicate that the brook trout have out-competed the natives for critical spawning and rearing habitat. Restoration efforts to improve spawning and rearing habitat for salmonids should continue, in conjunction with continued monitoring of brook trout vs. native species population densities.

SUMMARY
· High water temperature was longer-lasting in downstream reaches, possibly due to the cumulative effects of high upstream water temperature and the lack of riparian vegetation to shade the stream channel.
· Stream discharge increased at base flows, which is a positive influence on fish habitat, increasing habitat area and reducing competition while lowering water temperature.
· Beaver dams increase water elevation at base flows, which also increases habitat area, reduces competition, and lowers water temperature. They also help filter fine sediments from the water column, while creating pools that provide rearing habitat and resting pools for returning spawners. The establishment of a healthy beaver population within the watershed is a positive change that should be encouraged.
· Browsing was a significant factor limiting plant health, annual growth, and ultimately the establishment of mature riparian vegetation.
· Vegetation within McComas Meadows: Reaches 1 and 2 was primarily composed of hawthorns, a plant that characteristically has a slow rate of growth.
· Insufficient large woody debris within streams may be due to low recruitment from upstream and a lack of riparian vegetation to supply large woody material, possibly due to excessive browsing by livestock.
· Bed material composition was variable, ranging from coarse gravel at McComas Meadows: Reach 2 to small cobble at Meadow Creek: Upper study reach.
· Percent of cobble embeddedness did not meet objectives, which probably prevents young fish from using the substrate for winter cover.
· McComas Meadows: Reach 3 was the only reach that exceeded standards for percent fines (< 6 mm). No correlation between stream slope and percent fines was found within the Meadow Creek watershed, which may be due to the change in channel type within McComas Meadows.
· Bank stability was lowest within McComas Meadows. Reach 2 displayed the lowest bank stability, followed by Reaches 1 and 3. Unstable banks may be contributing fine particles directly into the stream channel, increasing percent fines and cobble embeddedness.
· Analysis of channel profile data indicates that the stream channel is stabilizing.
· Salmonid densities have decreased since 2003. Causes for the decline have not yet been determined. Meanwhile, brook trout densities have increased.
RECOMMENDATIONS

· Continue to restore riparian vegetation in impacted areas to increase bank stability, provide canopy cover and reduce water temperature, particularly within McComas Meadows. Successful establishment of riparian vegetation will help increase the recruitment of large woody debris into the stream channel. 
· Preserve  existing riparian vegetation, continue the use of exclusion cages to protect vegetation until it is established.
· Monitoring of stream discharge should continue in order to evaluate changes in flow regime.

· Future revegetation projects should include a diversity of plant genera and species. Specifically, faster growing plants such as thinleaf alder (Alnus incana), sitka alder (A. sinuata), redtwig dogwood (Cornus sericea), roses (Rosa spp.) and snowberry (Symphoricarpus spp.). Species selection should be based upon site-specific conditions to increase the chance of plant success.

· In areas where timber harvest or road-building have impacted the recruitment of large woody debris and sediment contribution to the streams, replant long-lived tree species that will decrease sediment and improve recruitment potential.

· Monitoring of bed material composition should continue in order to determine whether changes in composition are having positive or negative effects on spawning and rearing habitat.

· Continue road and culvert maintenance to reduce surface erosion in streams.

· Minimize soil disturbances such as construction of new roads and timber harvest to reduce fine particle deposition in streams.

· Continue to monitor salmonid densities. Results should be compared to other watersheds to determine if densities have decreased throughout the Clearwater River Basin.
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Appendix A: Daily average water temperatures at Meadow Creek watershed temperature monitoring locations.
Meadow Creek: Mouth
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Meadow Creek: Lower Meadow
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Meadow Creek: Lower Meadow (continued)
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Meadow Creek: Lower Meadow (continued)
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Meadow Creek: Lower Meadow (continued)
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Meadow Creek: Middle Meadow

Meadow Creek: Middle Meadow (continued)
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Meadow Creek: Middle Meadow (continued)
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Meadow Creek: Middle Meadow (continued)
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Meadow Creek: Top of Meadow
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Meadow Creek: Top of Meadow (continued)
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Meadow Creek: Top of Meadow (continued)
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Meadow Creek: Top of Meadow (continued)
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Meadow Creek: Upper Meadow
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Meadow Creek: Upper Meadow (continued)
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Meadow Creek: Upper Meadow (continued)
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Meadow Creek: Upper Meadow (continued)
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Meadow Creek: North Fork
[image: image75.emf]Meadow Creek: North Fork

 1999 Average Water Temperature

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

4/28/1999 5/19/1999 6/9/1999 6/30/1999 7/21/1999 8/11/1999 9/1/1999 9/22/199910/13/1999

Date

Temperature (C)

Water Temp Idaho 9° C Average - Salmonid Spawning Idaho 19° C Average - Cold Water Biota


[image: image76.emf]Meadow Creek: North Fork 

2001  Average Water Temperature

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

3/26/2000 4/16/2000 5/7/2000 5/28/2000 6/18/2000 7/9/2000 7/30/2000 8/20/20009/10/2000

Date

Temperature (C)

Water Temp Idaho 9° C Average - Salmonid Spawning Idaho 19° C Average - Cold Water Biota


Meadow Creek: North Fork (continued)
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Meadow Creek: North Fork (continued)
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Meadow Creek: North Fork (continued)
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Appendix B: Channel cross-section dimensions surveyed at Meadow Creek study reaches, riffle and pool habitats.

	Site:  Meadow Creek: Mouth

	Habitat Type: Pool

	Watershed Size:  37.6 mi. 2

	Year
	Base Flow
	Bankfull Flow

	
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Entrenchment Ratio

	2005
	11.14
	12.45
	1.83
	13.93
	28.92
	19.57
	2.84
	13.24
	1.3


	Site:  Meadow Creek: Mouth

	Habitat Type: Riffle

	Watershed Size:  37.6 mi. 2

	Year
	Base Flow
	Bankfull Flow

	
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Entrenchment Ratio

	2005
	14.76
	21.3
	1.25
	30.73
	53.85
	32.34
	2.73
	19.42
	1.47


	Site:  McComas Meadows: Reach 1

	Habitat Type:  Pool

	Watershed Size:  26.7 mi. 2

	Year
	Base Flow
	Bankfull Flow

	
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Entrenchment Ratio

	1992
	4.94
	15.85
	0.24
	50.86
	12.55
	22.5
	0.98
	40.34
	1.22

	1997
	12.05
	23.4
	1.04
	45.45
	*
	*
	*
	*
	*

	2000
	9.85
	20.11
	0.71
	41.07
	58.67
	28.45
	2.7
	13.8
	1.42

	2005
	8.83
	22.92
	1.02
	33.47
	32.75
	23.63
	2.17
	17.04
	1.47


	Site:  McComas Meadows: Reach 1

	Habitat Type:  Riffle

	Watershed Size:  26.7 mi. 2

	Year
	Base Flow
	Bankfull Flow

	
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Entrenchment Ratio

	1992
	4.54
	15.04
	0.59
	49.82
	16.97
	21.63
	1.26
	40.34
	1.34

	1997
	5.5
	15.03
	0.69
	41.05
	*
	*
	*
	*
	*

	2000
	3.35
	12.92
	0.41
	49.75
	40.77
	27.15
	2.08
	18.08
	1.22

	2005
	3.81
	12.58
	0.41
	41.58
	33.01
	24.82
	1.9
	18.66
	1.34


* Not measured.

	Site:  McComas Meadows: Reach 2

	Habitat Type:  Pool

	Watershed Size:  26.7 mi. 2

	Year
	Base Flow
	Bankfull Flow

	
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Entrenchment Ratio

	1992
	23.45
	21.14
	2.07
	19.07
	30.13
	22
	2.38
	16.06
	1.47

	1997
	16.02
	17.9
	1.91
	20
	*
	*
	*
	*
	*

	2000
	14.37
	16.46
	1.82
	18.85
	55.75
	25.74
	3.82
	11.88
	1.4

	2005
	18.43
	15.4
	1.99
	12.86
	30.27
	17.92
	2.7
	10.62
	1.85


	Site:  McComas Meadows: Reach 2

	Habitat Type:  Riffle

	Watershed Size:  26.7 mi. 2

	Year
	Base Flow
	Bankfull Flow

	
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Entrenchment Ratio

	1992
	3.88
	10.66
	0.69
	29.3
	16.08
	22.36
	1.42
	31.09
	1.42

	1997
	4.4
	14.82
	0.69
	46.89
	*
	*
	*
	*
	*

	2000
	3.62
	11.19
	0.58
	34.53
	42.56
	28.76
	2.49
	19.43
	1.81

	2005
	3.25
	9.78
	0.62
	29.46
	14.52
	16.34
	1.48
	18.38
	2.11


	Site:  McComas Meadows: Reach 3

	Habitat Type:  Pool

	Watershed Size:  21 mi. 2

	Year
	Base Flow
	Bankfull Flow

	
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Entrenchment Ratio

	1992
	23.19
	19.95
	2.43
	17.15
	36.13
	35.24
	2.96
	34.37
	1.78

	1997
	40.91
	26.56
	3.01
	17.24
	*
	*
	*
	*
	*

	2000
	23.58
	19.04
	1.98
	15.37
	56.8
	33.69
	3.17
	19.99
	2.78

	2005
	18.98
	19.02
	1.91
	19.07
	38.84
	28.72
	2.76
	21.23
	3.26


* Not measured.
	Site: McComas Meadows: Reach 3

	Habitat Type:  Riffle

	Watershed Size:  21 mi. 2

	Year
	Base Flow
	Bankfull Flow

	
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Entrenchment Ratio

	1992
	4.82
	18.85
	0.42
	73.71
	19.37
	22.84
	1.08
	26.93
	2.34

	1997
	5.87
	14.9
	0.8
	37.81
	*
	*
	*
	*
	*

	2000
	4.46
	11.98
	0.67
	32.17
	33.52
	31.9
	2.03
	30.36
	2.12

	2005
	5.39
	14.43
	0.55
	38.68
	22.97
	23.75
	1.61
	24.56
	2.78


	Site:  Meadow Creek: Upper

	Habitat Type: Pool

	Watershed Size:  12.8 mi. 2

	Year
	Base Flow
	Bankfull Flow

	
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Entrenchment Ratio

	2005
	10.75
	16.9
	1.06
	26.56
	26.68
	22.94
	1.83
	19.71
	1.36


	Site:  Meadow Creek: Upper

	Habitat Type: Riffle

	Watershed Size:  12.8 mi. 2

	Year
	Base Flow
	Bankfull Flow

	
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Area (ft2)
	Width (ft)
	Maximum Thalweg Depth (ft)
	Width:  Depth Ratio
	Entrenchment Ratio

	2005
	4.01
	14.49
	0.56
	52.32
	20.47
	20.27
	1.52
	20.08
	1.22


* Not measured.
Appendix C: Longitudinal profile dimensions surveyed at Meadow Creek study reaches, riffle and pool habitats.
	Meadow Creek: Mouth

	Year
	Residual Pool Depth
	Pools Per Mile
	Riffle:Pool Ratio

	Year
	Min.
	Ave.
	Max.
	Measured Pools Per Mile
	Expected  Pools Per Mile 
	Percent of Riffles
	Percent of Pools
	Riffle:Pool Ratio

	2005
	0.22
	0.97
	2.76
	95.14
	41-82
	59%
	41%
	1.44


	McComas Meadows: Reach 1

	Year
	Residual Pool Depth
	Pools Per Mile
	Riffle:Pool Ratio

	Year
	Min.
	Ave.
	Max.
	Measured Pools Per Mile
	Expected  Pools Per Mile 
	Percent of Riffles
	Percent of Pools
	Riffle:Pool Ratio

	1997
	0.34
	1.15
	1.68
	40.82
	27-38
	31%
	69%
	0.45

	2000
	0.4
	0.97
	1.73
	47.38
	28-39
	28%
	72%
	0.39

	2005
	0.52
	1.1
	1.84
	47.81
	30-43
	32%
	68%
	0.47


	McComas Meadows: Reach 2

	Year
	Residual Pool Depth
	Pools Per Mile
	Riffle:Pool Ratio

	Year
	Min.
	Ave.
	Max.
	Measured Pools Per Mile
	Expected  Pools Per Mile 
	Percent of Riffles
	Percent of Pools
	Riffle:Pool Ratio

	1997
	0.61
	1.2
	2.51
	*
	*
	29%
	71%
	0.41

	2000
	0.34
	1.03
	2.38
	37.60
	26-37
	25%
	75%
	0.33

	2005
	0.6
	1.21
	3.01
	34.25
	46-65
	27%
	73%
	0.37


	McComas Meadows: Reach 3

	Year
	Residual Pool Depth
	Pools Per Mile
	Riffle:Pool Ratio

	Year
	Min.
	Ave.
	Max.
	Measured Pools Per Mile
	Expected  Pools Per Mile 
	Percent of Riffles
	Percent of Pools
	Riffle:Pool Ratio

	1997
	0.25
	0.95
	2.21
	*
	*
	59%
	41%
	1.44

	2000
	0.37
	1
	2.1
	32.27
	24-33
	46%
	54%
	0.85

	2005
	0.56
	1.2
	2.21
	39.85
	32-45
	49%
	51%
	0.96


	Meadow Creek: Upper

	Year
	Residual Pool Depth
	Pools Per Mile
	Riffle:Pool Ratio

	Year
	Min.
	Ave.
	Max.
	Measured Pools Per Mile
	Expected  Pools Per Mile 
	Percent of Riffles
	Percent of Pools
	Riffle:Pool Ratio

	2005
	0.14
	0.56
	1.01
	124.90
	37-52
	58%
	42%
	1.38
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