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Introduction

The Tobacco River of northwest Montana drains a watershed dominated by 

evergreen forest and by private and Forest Service lands. The town of Eureka, Montana, 

historically applied its treated municipal wastewater to a 40-acre hay field located beside 

the Tobacco River. The wastewater receives secondary treatment using an activated 

sludge process. At the request of the landowner of the field, the town applied to the 

Montana Department of Environmental Quality for a permit to discharge the wastewater 

directly to the Tobacco River. The town obtained a permit and discharged to the river in 

May and June of 2001 and again in March and April of 2002 (T. Reid, pers. comm.). The 

wastewater is stored in a lagoon at other times.

The Tobacco Valley Resource Group, a local non-profit group in Eureka, 

requested assistance from the University of Montana Watershed Health Clinic in 

gathering information about water quality in the Tobacco River. The group is concerned 

about possible negative impacts of discharging treated municipal wastewater directly to 

the Tobacco River. Additionally, the Natural Resource Conservation Service and the 

owner of the hay field that served as Eureka’s land application site are interested in 

reducing streambank erosion along the site and revegetating some of the area with 

riparian vegetation.

To address these concerns, a study was designed with the following goals:

1) to assess and report on current channel conditions, riparian health, and summer 

nutrient levels along the Tobacco River; and 2) develop a restoration plan for the 

Tobacco River along the land application site. The goals were accomplished through



fulfilling the following objectives: 1) during the summer of 2001, measure nutrients and 

attached algae levels along the Tobacco River at sites selected to bracket the land 

application site and direct discharge site; 2) assess the health of the riparian vegetation 

and the condition of the river channel along the reach of the Tobacco River that includes 

the land application site; 3) use the results of the study to develop recommendations for 

improving and maintaining water quality, riparian health and channel conditions along 

the Tobacco River.

Study Area

The Tobacco River is located in northwestern Montana and flows through the 

town of Eureka, population 1017 (Figure 1). The Tobacco River watershed, which drains 

707 square kilometers, is part of the Columbia River Basin. The official length of the 

Tobacco River is 21.7 kilometers. However, the overall length varies seasonably 

depending on the level of Lake Koocanusa, which is regulated by Libby Dam on the 

Kootenai River. Full pool elevation is 746.6 meters, while low pool elevation is 695.2 

meters. The difference between the two is 5.1 river kilometers. The Tobacco River 

begins at the confluence of Grave Creek and Fortine Creek. Grave Creek is 25.6 

kilometers long and Fortine Creek is 49.4 kilometers long. There is an average of 38 

centimeters of precipitation per year at the Eureka Ranger Station and 43 centimeters at 

Fortine, while Snotel sites in the Tobacco River headwaters record an average of 122 

centimeters of precipitation per year at the Grave Creek site and 152 centimeters at the 

Stahl Peak site (Western Regional Climate Center, 2002).

The Tobacco River watershed is comprised of public and private lands, while its 

riparian corridor is mainly privately owned. The Kootenai National Forest surrounds the



headwaters of both Fortine Creek and Grave Creek. The Tobacco River is protected 

under the Northwest Power Planning Council Protected Areas Program. Streams in this 

program are protected from future hydroelectric development. Protected areas contain 

fish and wildlife resources that are of critical importance to the region. For example, the 

Tobacco River is an important migratory route for bull trout seeking spawning grounds in 

Grave Creek and Fortine Creek. The bull trout is listed under the Endangered Species 

Act as a threatened species in the Columbia River Basin.

Land-use practices within the Tobacco River watershed have degraded the river. 

The federal Clean Water Act (Section 303d) and the Montana Water Quality Act require 

surface waters to be monitored, assessed and identified as impaired if they exceed water 

quality standards. The Tobacco River and its major tributaries, Fortine Creek and Grave 

Creek, are listed as impaired on the 2002 Montana 303(d) list by the Montana 

Department of Environmental Quality (DEQ, 2002). Aquatic life and cold water fishery 

are only partially supported, and DEQ has identified the probable causes of impairment to 

be siltation, bank erosion, and habitat alteration, while grazing and agriculture are the 

probable sources of impairment. The DEQ plans to develop a water quality restoration 

plan, also known as a Total Maximum Daily Load (TMDL) plan, for the Tobacco River 

watershed by 2011 (DEQ, 2002).

Study Design

The three main parameters looked at in this study are channel morphology, 

riparian vegetation, and instream nutrient and algae levels. Meaningful study design 

requires an understanding of the processes that shape stream channels, riparian 

communities, and water quality. For a discussion of these processes, see Appendix A.



Channel morphology was investigated along a 1.98 kilometer study reach of the 

river. This reach was divided into three sub-reaches (hereafter referred to as polygons). 

The polygons were selected based on three criteria: altering riparian conditions, the 

extent of anthropogenic modification, and changing land-use practices. Polygon 1 is 

located above the land application site, Polygon 2 is located beside the site, and Polygon 

3 is downstream of the site (Figure 2). The condition of riparian vegetation was assessed 

within each polygon.

In-stream assessments included water samples and periphyton (attached algae) 

samples. The water samples were taken at six points along the Tobacco River extending 

from the confluence of Grave Creek and Fortine Creek to the top of the reservoir in an 

attempt to document downstream variation (Figure 1, Table 1). Periphyton samples were 

collected at three sites: above (site 3) and below (site 4) the land application site and 

below the new effluent discharge site (site 5). Sites were chosen in an attempt to 

document the impact of the land application site on instream nutrient levels and to 

provide an assessment of instream nutrient levels when direct discharge was not 

occurring. Algae levels reflect the influence of both the land application site and the 2 

months of direct discharge that occurred earlier that year.

Methods

Channel Morphology

Channel characteristics were measured using techniques described in the 

Environmental Monitoring and Assessment Program-Surface Waters: Western Pilot



Study Field Operations Manual for Wadeable Streams (EMAP-WP, 2000). The EMAP- 

WP procedures represent a rapid assessment protocol that employs a systematic spatial 

sampling design geared toward minimizing bias in the placement of measurements (Peck, 

et a l, 2001). Measurements of wetted width, bankfull width, bankfull depth, channel 

substrate, bank angle, canopy cover, channel slope, and compass bearing were made at 

each transect using the EMAP-WP protocol.

Channel measurements were made at 34 transects placed at 60 meter intervals 

along the study site, which extends 780 meters above the land application site and 480 

meters below it (Figure 1). The land application site extends along 720 meters of the 

Tobacco River. Transect 1 is located at an old railroad tie sticking vertically out of the 

water along the left bank where the railroad track abuts the river channel. Transect 34 is 

located near the osprey nest on the right side of the river along the meander bend 

upstream of the effluent discharge pipe. Each transect was georeferenced using a Global 

Positioning Unit (GPS) (Appendix B). Channel measurements from each transect were 

analyzed corresponding to the three polygons. The upper and lower boundaries of each 

polygon, as well as interesting features, were recorded with digital photographs (Figure

3).

Cross-section Measurements

Channel measurements perpendicular to the flow were made at each transect. 

Wetted width and bankfull width were measured in meters using a line level and a 

measuring tape. The bankfull width was identified by the presence of recently deposited 

alluvial materials, changes in the angle of the bank, and the presence of perennial 

vegetation (Olsen et a l, 1997). The bankfull depth was measured at 1 meter intervals



across the channel using a stadia rod. A laser level was used to measure the channel 

cross-section in a riffle section below Transect 14. Laser level measurements extended 

onto the floodplain beyond the bankfull zone. Channel substrate was sampled at five 

points across each transect by measuring the first particle contacted when reaching into 

the water. Substrate was classified based on the size of the particle along the b-axis, 

which is the axis of intermediate length (Kondolf, 1997). Bank angle was recorded at 

each transect along the wetted margin of the river using a clinometer. Canopy cover was 

measured at the wetted margin, as well as in the middle of the river facing upstream, 

toward river right, downstream, and toward river left (Peck et a l, 2001).

Longitudinal Profile 

Stream channels contain pools and riffles that interact with the substrate and bank 

materials as a function of flow velocity to create the channel morphology (Knighton, 

1998). The length of pools, riffles, and glides was measured between each pair of 

transects at a flow of approximately 100 cubic feet per second (CFS). Pool length was 

measured from the steep drop off at the tail end of a riffle until coarse gravels again 

dominated the bed. The mean pool spacing was determined for the reach by dividing the 

reach length by both the number of pools and the reach average bankfull channel width as 

described by Montgomery et a l (1995). This yielded a pool-to-pool spacing in units of 

channel width. Riffles were considered as moving water with small ripples and waves 

that were not breaking, while glides were considered as slow moving water with a 

smooth unbroken surface (Peck et al, 2001). The total number of large woody debris 

pieces greater than 1 meter in length and 10cm in diameter located within the bankfull 

channel were recorded between each pair of transects (Montgomery et a l, 1995). The



surface water slope and sinuosity were measured between each transect using a 

clinometer, compass, and stadia rod. The amount of eroding bank was also quantified 

between each transect.

The channel stage was determined using the Lotie Health Assessment Short Form 

for Small Streams and Rivers (Bitterroot Restoration, 2001). The channel stage describes 

the ability of the river to access the floodplain, which is related to the amount of 

downcutting. Stage A-2 describes a fairly stable, wide, unincised valley bottom channel 

with defined meanders and a well-developed floodplain. Bankfull flows are able to 

access a floodplain that is at least twice the bankfull width in Stage A-2 streams.

Bankfull flows in Stage B channels can only access a narrow floodplain that is often less 

than twice the bankfull channel width. Stage C occurs when flows less than a 5-10 year 

event access a floodplain that is less than twice the bankfull width (Rosgen, 1996).

Stream Classification 

Channel measurements recorded with the laser level along with data gathered 

from the longitudinal profile were used to determine the Rosgen channel type. The 

Rosgen Classification System assigns a channel type based on the slope, sinuosity, width- 

to-depth ratio, and the entrenchment ratio (Rosgen, 1996).

Discharge

The u s e s  maintains a gauging station on the Tobacco River located downstream 

of the study site with an unbroken record extending 42 years. Analysis of long-term flow 

patterns was conducted using daily discharge data. Discharge was measured in the field 

at two sites (Transect 6 and Transect 32), which correspond with water quality and algae 

Sample Sites 3 and 4 (Figure 2). A Marsh-McBimey Portable Water Current Meter



(Model 20ID) was used to measure flow velocity and the depth at regular intervals. 

Velocity was measured with a top setting rod at 60% of the depth. Field measurements 

were used to calculate discharge, which was correlated with the USGS gauging station 

data. Bankfull flow was determined from analysis of long-term flow patterns and the 

WinXSPRO channel cross-section analyzer.

Riparian Assessment

A riparian assessment was conducted along each transect. Both the current 

riparian community and the potential natural community were determined along each 

transect. The extent of the riparian zone was determined by a conversion from riparian 

vegetation to upland vegetation or a conversion to cultivated crop land. The condition of 

the riparian vegetation was assessed using the Lotie Wetland Health Assessment for 

Streams and Small Rivers (Bitterroot Restoration, 2001). This procedure was developed 

at the University of Montana in conjunction with the Bureau of Land Management and 

the Fish and Wildlife Service (Hansen et a l, 2000). This assessment indicates the overall 

condition of a riparian site based on vegetation, soil, and hydrologie conditions. This 

assessment emphasizes vegetative characteristics to determine the “health” of a riparian 

site. The term “health” is used to describe the ability of a riparian or wetland area to 

perform certain functions. Plants provide a good indicator of riparian health since they 

are more visible than soil or hydrologie characteristics and provide an indicator of 

successional trend (Hansen et a/., 2000).

The Lotie Wetland Health Assessment Field Score Sheet rates stream health 

based on 11 criteria: 1) vegetative cover of floodplain and stream banks, 2) invasive plant 

species, 3) disturbance-caused undesirable species, 4) preferred tree and shrub
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establishment and regeneration, 5) utilization of preferred trees and shrubs, 6) standing 

decadent and dead woody material, 7) streambank root mass protection, 8) human-caused 

bare ground, 9) streambank structurally altered by human activity, 10) pugging and/or 

hummocking (caused by ungulate hoof action), and 11) stream channel incisement 

(Appendix C). Categories 1-6 represent vegetative factors, while categories 7-11 

represent soil/hydrology factors. There are 57 possible points, with 27 points for 

vegetative factors and 30 points for soil/hydrology factors. An NA (not applicable) is 

assigned to categories that do not apply to a given site. A health rating is determined 

using the field score sheet. Health scores from the individual transects were averaged to 

give an overall health score for each polygon.

The riparian vegetation at the study site was classified into community and habitat 

types using Classification and Management o f Montana’s Riparian and Wetland Sites 

(Hansen et al., 1995). The width of the riparian zone was measured perpendicular to the 

channel along both sides of the river at each transect. Changes in plant community and 

habitat types progressing from the edge of the stream channel out to the upland interface 

were recorded along these riparian cross-sections. An inventory of plant species found 

on the site was also conducted.

Instream Analyses

Water Samples

Water samples were collected at six sites extending from the confluence of Grave 

Creek and Fortine Creek down to Lake Koocanusa (Table 1, Figure 1). Sample sites 

were chosen based on changing land-use activities, the influence of tributary streams, and 

available access. Each sample site was georeferenced using a GPS unit (Appendix B).



Samples were collected in July and August, 2001. Water clarity was measured with a 

100cm transparency tube at each water quality sample site in July and August, 2001.

Samples were collected by wading into flowing knee-deep water and collecting 

water upstream of the sampler. Two bottles were rinsed with river water three times 

each. The bottles were filled by pointing upstream and moving them vertically up and 

down from the top of the water colunm to the bottom. Unfiltered samples were frozen 

immediately. Filtered samples were prepared by filtering 30-50ml from the sample bottle 

into a clean bottle to first rinse the bottle with this water. The sample was then filtered 

into the rinsed bottle. Samples were frozen at the time of collection using dry ice. To 

check for contamination in handling, a filter blank was prepared on both sampling trips 

by filtering de-ionized water. Unfiltered samples were analyzed for total phosphorus and 

total per-sulfate nitrogen. Filtered samples were analyzed for soluble reactive 

phosphorus and nitrates/nitrites. The Freshwater Lab at the Flathead Lake Biological 

Station performed all water quality analyses. Total phosphorus, soluble reactive 

phosphorus, and nitrates/nitrites were analyzed using the standard methods of the 

American Public Health Association (1998). Total per-sulfate nitrogen was analyzed 

using methods described by D’Elia et al. (1977).

Water sampling equipment was acid washed at the Watershed Health Clinic Lab 

at the University of Montana prior to use in the field. Rubber gloves were worn during 

all lab work. Filter holders, syringe tubes, and syringe plungers were soaked for 1 hour 

in a bath of 10% HCL and 90% de-ionized water. The rubber stoppers for the syringes 

and the rubber 0-rings from the filters were dipped in this bath. Water bottles were 

rinsed with this solution. Everything was then rinsed three times in de-ionized water.
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The syringes were assembled on a clean tray and stored in a clean bag. Clean equipment 

was then stored in zip-lock bags for use in the field.

Periphyton Samples 

Periphyton samples were collected at Sites 3,4, and 5 in conjunction with the 

water quality samples (Figure 1). Periphyton samples were collected from 10-20cm 

cobbles found in 30cm of flowing water. Twenty rocks were randomly sampled at each 

site. To obtain periphyton samples a 5.08 by 5.08cm (2 inch by 2 inch) area was scraped 

clean on each rock using a single edge razor blade. The peripyton sample scraped from 

each rock was placed in a separate snap-shut petri dish and immediately put in a cooler 

containing dry ice. Samples were frozen and kept in the dark until thawed for analysis. 

Periphyton samples were analyzed for chlorophyll a and phaeophytin in the Watershed 

Health Clinic lab at the University of Montana. Twenty samples collected at each site 

were arranged from smallest to largest and every other sample was processed. Thus, 10 

samples were analyzed for each site. The other 10 samples were saved for possible future 

analysis if the original 10 samples exhibited unacceptably high variability. Samples were 

allowed to thaw at room temperature and then placed in a mortar. The samples were then 

ground for 1 minute in 95% alcohol using a mortar and pestle. Just enough solvent was 

used to achieve a light green color. The solvent was then drained into a small graduated 

cylinder, measured, and placed into a vial with the sample. The sample vials were then 

warmed to 75°C and held there for 2 minutes. A 3ml aliquot of extract was removed 

from the vial, placed in a glass cuvette, and read in a split beam, 2nm spectrophotometer 

at 664, 665, and 750nm. The extract in the cuvette was then acidified to 0.003M HCl 

(0.1ml of O.IN HCl), mixed, held for 90 seconds and read again at the same wavelengths.
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The amount of pigment in each sample was calculated using the formulae:

Chlorophyll a in mg = [(A664b-A750b) -  (A665a-A750a)] x V x [R/(R-1)] x k/L

Phaeophytin in mg = R[(A665a-A750b) -  (A664b-A750a)] x V x [R/(R-1)] x k/L

Where A664b = absorbance at 664nm before acidification 
A665a = absorbance at 665nm after acidification 
A750b = absorbance at 750nm before acidification 
A750a = absorbance at 750nm after acidification 
R = acid correction ratio (maximum ration of A664b:A665a) 
k = absorbance coefficient of chlorophyll a at 664nm in 95% alcohol = 11.99 
V = total volume of the extract in liters

The amount of pigment in the sample was divided by the area sampled to give the amount

of pigment per square meter of stream bottom.

The samples were then placed in aluminum weigh boats and dried to constant

weight for ash free dry weight (AFDW) analysis. Boats were weighed on an analytical

balance. The samples were then ashed at 500°C for 1 hour, cooled to room temperature,

rehydrated by spritzing with water, dried and reweighed. Ash free dry weight is

determined by the equation:

AFDW = dry weight -  ashed weight

The ash free dry weight was divided by the area sampled to give the biomass per square

meter of stream bottom.

Maps

The CartaLinx program was used to digitize maps representing channel width, 

riparian vegetation, erosion, and proposed restoration sites. Maps were drawn in meters 

using a T-square, triangle, and engineering ruler. Maps were created using field 

measurements of wetted width, bankfull width, riparian zone width, and the vegetation 

type for each transect. Paper maps were then digitized on a digitizing tablet using
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Cartalinx. Distance was measured in meters. The digitizing tablet was registered to a 

user-defined coordinate system with the coordinates (0,0), (0,1080), (1540, 1080), and 

(1540,0). The reference system was set to State Plane coordinates and the reference units 

were set to meters. The digitized maps represent an area of 1,663,200 square meters 

(410.8 acres). The strategy for digitizing was to first digitize the external boundary, then 

add the boundary points, the internal arcs, and finally build the polygons. Polygons were 

created for map features and the attribute information was added to the geographic 

database in CartaLinx. The individual layers were exported from CartaLinx as Shapefiles 

that could be incorporated into ArcView 3.2 to create maps and perform analysis. The 

Query Builder tool was used to determine the amount of acreage covered by the various 

riparian vegetation types along the study site as well as the amount of acreage required 

for the restoration project.

Results and Discussion

Channel Morphology

Polygon Descriptions 

Polvgon 1 extends from the upstream end of the study site to the top of the land 

application site (Figure2). Polygon 1 includes Transects 1-13. This polygon has well- 

developed meanders with alternating gravel bars on the inside of the meander bends and 

vertical eroding banks on the outside of meander bends. Riparian vegetation is confined 

by the railroad along the left side of the river and by a bedrock outcrop along the right 

side of the river. The riparian vegetation is well developed within this corridor. The 

railroad truncates the outside of the meander curve along the left side of the river in two 

locations where steep banks are lined with rock riprap. Transects 3,4, and 5, along with
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transects 11,12, and 13 represent the reference condition for the study area due to the low 

degree of anthropogenic impacts (Figure 3).

Polygon 2 extends from the upstream end to the downstream end of the land 

application site, which is located along the left side of the river (Figure 2). Polygon 2 

includes Transects 14-25. There is relatively little riparian vegetation along the left side 

of the river due to the presence of the land application site, while a large rock outcrop that 

ends just above the bridge confines the right side of the river. The channel is confined by 

rock riprap at the bridge along with autobody riprap both above and below the bridge 

resulting in a channelized condition. Erosion upstream of the bridge may be the result of 

channelization at the bridge, where the width of the river is constricted t o l l  meters.

There is an autobody in the channel above the bridge attached to a point bar along the 

right side of the river, while the left side of the river is a tall eroding bank. The removal 

of the autobody riprap from the left bank below the bridge has increased the rate of 

erosion, while the bank below this section of erosion is maintained by additional 

autobodies (Figure 3). A natural meander pattern appears to be developing within the 

confined channel below the bridge. There is also a smaller field along the right side of 

the river below the bridge along with an irrigation intake pump.

Channelization with riprap leads to morphological changes both upstream and 

downstream of a channelized reach (Knighton, 1998). Increases in flow velocity due to 

river straightening can cause channel downcutting and bank erosion both in the 

channelized reach and upstream (Brooks, 1985). Bed erosion precedes channel widening 

in streams with cohesive banks, which leads to a deeper channel capable of confining 

larger flows. Thus, the shear stress is increased on the bed and the toe of the banks until
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the banks reach a critical height for failure, which leads to channel widening (Bledsoe 

and Watson, 2000). Eroding banks upstream of the bridge in Polygon 2 may have 

attained the critical height for failure, and it is only a matter of time until these banks 

collapse and the river cuts around the bridge (Figure 2). Aggradation tends to occur 

downstream of channelized sections due to the increased sediment load provided by 

upstream erosion. This is evident in Polygon 3.

Polvgon 3 begins below the land application site and extends from Transect 26 to 

Transect 34 (Figure 2). There is autobody riprap on both sides of the river in the top 10 

meters of the polygon, though none downstream. The channel splits around a large 

gravel bar island with a side channel forming along the right bank. In time, this gravel 

bar may become attached to the right bank as sediment fills in the side channel, thereby 

returning the channel to a meandering pattern (Nelson, 1996). An extensive riparian zone 

extends along the left site of the river below the land application site, while the size of the 

riparian zone along the right side of the river also increases. Cattle belonging to a 

downstream landowner have accessed this portion of the reach and heavy browsing on 

the riparian vegetation is evident (Figure 3).

Cross-section Measurements

Cross-sectional channel form results from interactions between the flow of water 

and sediment through the system and the composition of the stream banks. Bank material 

controls the strength and stability of banks, which, in turn, influences the adjustment of 

channel width. The cross-sectional form of stream channels tends to be irregular with 

abundant local variations. Thus, the width and shape of the stream channel is expected to 

be variable. The cross-sectional form is a highly adjustable channel characteristic
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(Knighton, 1998).

Wetted width was analyzed for each polygon during low flow (approximately 100 

CFS according to the USGS gauge). The mean wetted width was 17 meters in Polygon 1, 

19.2 meters in Polygon 2, and 18 meters in Polygon 3 (Figure 4). The greater wetted 

width in Polygon 2 may result from the lack of riparian vegetation, which can influence 

cross-sectional form (Ikeda and Izumi, 1990), as well as from channel alterations 

resulting from extensive riprap. Dense vegetation gives rise to deeper and narrower 

channels (Knighton, 1998). Dense vegetation is present along the banks of both 

Polygons 1 and 3, coinciding with narrower channel widths. Polygon 2 lacks dense 

riparian vegetation along the left side of the river, while both sides of the river have some 

degree of riprap.

Bankfull width represents the capacity of the channel to transport water and 

sediments. Bankfull width is determined by bankfull stage, which is the discharge at 

which a river begins to overflow its banks. The bankfull stage plays an important role in 

shaping the stream channel by moving sediment, creating and destroying bars, and 

altering meander bends (Dunne and Leopold, 1978; Olsen et a l, 1997). The mean 

bankfull width was 24.7 meters in Polygon 1,24.9 meters in Polygon 2, and 29.4 meters 

in Polygon 3 (Figure 5). While the mean bankfull widths are similar for Polygons 1 and 

2, the maximum bankfull width is substantially lower in Polygon 2. This is a direct result 

of channelization due to rock and autobody riprap along Polygon 2, which prevents the 

stream from spreading out onto the floodplain. The increase in mean bankfull width 

experienced in Polygon 3 may be related to the lack of riprap confining the river, which 

allows the river to expend energy that was not dissipated in the confines of Polygon 2.

16



Figure 6 represents the mean wetted width and mean bankfull width along the entire 

reach.

Width-to-depth ratio of the stream channels is a fundamental aspect of channel 

morphology (Beshcta and Platts, 1986). Cross-section measurements with the laser level 

below transect 14 indicate the maximum bankfull depth is 1.1 meters, while the mean 

depth is 0.7 meters and the overall cross-sectional area is 68.4 square meters. The 

bankfull width was 27.7 meters. Thus, the width-to-depth ratio is 39. The width-to-depth 

ratio is commonly used to described channel dimensions, though it gives no indication of 

the overall channel shape (Knighton, 1998). The land application site is approximately 1 

meter higher in elevation than the bankfull stage at this cross-section.

Channel substrate influences the rate of sediment transport, provides hydraulic 

resistance, and affects the biological function of rivers. Substrate size influences the 

channel morphology as smaller particles are mobilized at lower velocity flows while high 

velocity flows are required to move larger particles (Beschta and Platts, 1986). Channel 

substrate was sampled at five points across each transect, totalling 170 samples for the 

entire 1980 meter study reach. Substrate samples indicate the distribution of grain sizes 

on the surface of the bed. The EMAP-WP sampling method achieves a composite grain 

size for the whole reach, with samples from distinct bed features (Peck et a/., 2001). 

However, there is a large amount of spatial variability in bed material size. Thus, this 

method may not be as accurate as the Wolman pebble count, which measures grain size at 

a single point and represents a single population (Kondolf, 1997). The channel substrate 

is comprised of 2% fine gravels (>2-16nun), 60% coarse gravel (>16-64mm), 34% 

cobbles (>64-250mm), and 4% boulders (>250-4000mm) (Figure 7). Since gravels
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