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INTRODUCTION

Overgrazing in riparian areas in the western U.S. has degraded thousands of miles 

of streams (Armour et al. 1994) and threatens the integrity of headwater stream 

habitats (Behnke and Zam  1976). Studies have demonstrated that livestock grazing 

in riparian areas increases runoff and erosion, alters species abundance and 

composition, destabilizes streambanks, increases fine sediment, reduces pool 

frequency and depth, reduces undercut banks, widens channels, and increases 

sum m er stream temperatures (Armour et al. 1994, Behnke and Zam  1976, Kauff

m an and Krueger 1984, Kondolf 1994, Marlow et al. 1987, Platts 1991). Such 

changes in stream channels are related to decreases in salmonid populations (Platts 

1991, Riemann and McIntyre 1995).

Though many studies have found negative effects of livestock grazing, they have 

not fully identified the problems, described their magnitude or provided methods 

for their solution (Platts 1991). Previous studies have been inconclusive or con

founding due to one or more of the following factors: 1) a lack of pretreatment data 

(Rinne 1988); 2) ineffective methods (Platts 1991); 3) spatial and temporal variabil

ity in streams (Rinne 1988); and 4) the short-term nature of most scientific studies. 

These factors lead (Riime 1988) to suggest that future studies include complete 

watersheds, pretreatment data, and be long-term in nature. In addition, livestock 

grazing occurs on 114 million ha of public land and on 82 million ha of private
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land in the western U.S. (Kondolf 1994). However, most research regarding 

livestock and riparian areas has focused on headwaters on public land.

The purpose of this study was to inventory and describe the current and historic 

condition of streams on privately owned Theodore Roosevelt Memorial Ranch 

(TRM Ranch) and begin monitoring these streams to assess long term changes due 

to ranch activities. Specifically, we were interested in differentiating between the 

cumulative effects of livestock grazing and other ranching activities and that of 

natural disturbances such as large floods. To realize this goal we inventoried and 

began monitoring streams using the Rosgen inventory and classification system 

(Rosgen 1994). This approach uses channel morphology, channel stability ratings, 

bank erosion ratings, riparian vegetation, streamflow, and sediment data to 

describe the condition of the stream and departure from its potential (Rosgen 

1996). Rosgen (1996) describes stream potential as the "best channel condition, 

based on quantifiable morphological characteristics, for each stream type." Because 

streams vary both temporally and spatially, defining the "best channel condition" 

for a particular stream can be subjective and may vary by geographic region. Only 

by monitoring these streams over many years will we be able to determine the 

compatibility of livestock grazing and other ranching activities with the goals of 

maintaining or restoring healthy, functioning aquatic and riparian systems. These 

long-term data will be used to develop a regional database of stream condition 

ratings for each stream type that is based on both physical and biological proper
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ties of streams. Such a regional database will guide future resource/land manage

m ent decisions on Montana's northern Rocky Mountain Front.

STUDY SITE DESCRIPTION

Dupuyer Creek, at the downstream boundary of TRM Ranch, drains a 9,350-ha 

watershed on the northern Rocky Mountain Front, west of Dupuyer, Montana 

(Figure 1) and is composed of three main forks (Figure 2). The North and South 

forks are the primary drainage's and are nearly equal in size. The Middle fork 

drainage is smaller and contributes littie streamflow, much of which is withdrawn 

for irrigation. Middle Fork Dupuyer Creek contains one of the few remaining 

populations of pure westslope cutthroat trout {Oncorhynchus clarki lewisi) (Robb 

Leary Pers. Comm. 1996). Much of the watershed is located in the Bob Marshall 

Wilderness of the Lewis and Clark National Forest and is not subject to intensive 

anthropogenic influences such as logging, mining or road building. The watershed 

is frequented by hunters, hikers, and campers and is subject to grazing on both 

public and private lands, and water diversions for irrigation.
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Geography and r^ io n a l geologic structure

The Dupuyer Creek watershed lies in the Sawtooth Range of the Northern Rocky 

Mountains. The Sawtooth Range is defined by its high ridges and deep valleys that 

trend from north to south. The ridge and valley configuration is determined by 

Paleozoic strata separated by Mesozoic beds (Alt 1985). The Mesozoic beds are 

more erodible and form deep valleys. The successive ridges are a series of south- 

westward-dipping overthrust and high angle reverse faults. The east front of the 

Sawtooth is an abrupt escarpment of Mississippian limestones that have been 

thrust over Mesozoic shales and sandstones (Alt 1985). Debris avalanches are 

frequent in the upper watershed £is evidenced by tracts of younger vegetation and 

abundance of talus slopes. Bedrock outcrops are numerous especially along scarp 

faces where vegetation is sparse.

The highest point in the watershed is Mt. Frazier at 2,533 m. The lowest elevation, 

where Dupuyer Creek leaves the ranch boundary, is approximately 1,400 m. The 

change in elevation divided by the length of the basin, from the highest point in 

the watershed to the ranch boundary is .07 or a 7% gradient. However, over the 

first 5 km, the western portion of the basin, the relief ratio is approximately 0.17 or 

17% gradient. This is considerably steeper than the lower, eastern portion that has 

an average gradient of 2.8%.

In the upper watershed deep valleys that formed in erodible sedimentary rocks 

trend generally north and south, while the main channel flows easterly dissecting 

less erodible limestones. Smaller tributaries connect w ith the main channel forming
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a trellis like drainage pattern (Figure 2). However, this pattern is not as clearly 

defined in the Dupuyer Creek basin as in other nearby watersheds such as in 

M uddy Creek and Blackleaf Creek or the headwaters of the Teton River drainage 

located just west and south of Dupuyer Creek. Field investigation of several 

tributaries in the N orth Fork and South Fork drainage basins found many channels 

flowing directly over bedrock.

Within the Dupuyer Creek watershed, vegetative associations vary from grassland 

w ith a cottonwood/willow  watercourse at low elevations, to limber pine, Douglas 

fir, Engleman Spruce and other conifers at higher elevations. Cottonwoods are 

present in the upper watershed, but are not nearly as abundant as in the lower 

elevations. The riparian vegetation along Dupuyer Creek on TRM Ranch is 

characterized primarily as Populus trichocarpa/Comus stolonifera (black cotton

w o o d / red-osier dogwood) community type (Hansen et al. 1995).

Most water resources on TRM Ranch are streams, however there are a few small 

lakes (not including beaver ponds) present in the lower portion of the drainage 

basin. These lakes appear to be associated with pleistocene glaciation and are 

found in terminal moraines. For example, on the face of Walling Reef, there is 

evidence of alpine glaciers w ith lakes in the resulting cirque basins. In the far 

w estern portion of the basin, in both the North and South Forks, there are a couple 

of lakes that have formed in w hat appears to be colluvium or possibly depressions 

in poorly developed cirque basins. There are two small ponds in the watershed.
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One pond, on Middle Fork Dupuyer Creek was created by an earthen dam  in the 

1960's or 1970's. This pond serves as a detention basin, to augment w ater used for 

irrigation on a neighboring ranch. A second pond, located on McCarthy Creek 

appears to be a natural depression, resembling a glacier formed kettle. However, 

the origin of this depression is uncertain. Both of these ponds support large 

populations of trout. The former contains native cutthroat trout (Oncorhynchus 

clarki lewisi) the latter non-native brook trout (Salvelinusjbntinalis).
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METHODS

Aerial photographs, USGS topographical maps (1:24,000), previous geologic 

reports, and field investigation were used to identify watershed and stream 

characteristics. Streams on TRM Ranch were classified using the Rosgen stream 

classification system (Rosgen 1994). The Rosgen classification groups stream 

reaches w ith similar channel and fioodplain dimensions and allows for compari

sons between watersheds and between stream reaches in the same watershed 

(Rosgen 1994). All stream channels and selected geomorphic features were 

digitized into PAMAP Geographical Information System (CIS). Aerial photo

graphs were used to digitize historical channels and Global Positioning System 

was used to digitize current channels. The watershed and sub-watershed bounda

ries were interpreted from USGS topographical maps and incorporated into the 

GIS to calculate area, perimeter, and stream length.

Geom orphic Description

Stream order was determined by the Strahler method and includes crenulations as 

draw n on USGS 7.5 Minute Series. Crenulations are depressions in hillslopes, but 

cartographers rarely draw  them  as stream channels because they conduct water for 

a limited part of the year. It is standard practice to include them in drainage basin 

calculations (Leopold 1994). Including crenulations in stream order calculations 

increases stream order by one or more levels, but is more consistent than using
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blue lines (perennial streams) draw n on topographic maps. Blue lines tend to be 

subjective and vary depending on individual cartographers (Leopold 1994).

Streamflow

The USGS maintained a stream gauging station on Dupuyer Creek, about 29-km 

east of TRM Ranch from 1913 to 1937. These data and precipitation data from the 

nearby town of Valier, 45-km east of TRM Ranch, were graphed (Figures 5 6  6 and 

Appendix A) to describe the historic hydrologie regime and to better understand 

the influence of precipitation and snowmelt on the hydrograph of Dupuyer Creek. 

During this study, streamflow on TRM Ranch was monitored with a stilling well 

and Stevens type F recorder to record stage. Both of these w ^ e  installed in the 

spring of 1995 prior to spring runoff. Stage rating curves were established begin

ning that spring using 20 discharge measurements at a variety of streamflows 

(Appendix B). Stream discharge was measured using a Price Type A A current 

meter. We also measured discharge in North Fork Dupuyer Creek and associated 

irrigation ditches to determine the amount and percent of streamflow diverted for 

irrigation. Precipitation data for the upper watershed were acquired from the 

NRCS SNOTEL site located near Middle Fork Dupuyer Creek and about 1.6 km 

west of TRM Ranch, at an elevation of 1737-m.

Channel M orphology

Channel morphology was determined from field data taken at a reach scale— 

usually 20-25 channel w idths in length. Sites selected for data collection are called 

reference reaches. Interpretations based on reference reaches can be extrapolated to

10
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other similar reaches where field data are not available (Rosgen 1996). Hence, 

reference reaches on TRM Ranch (Figure 3) were selected to include: 1) at least one, 

but usually several reaches per stream type; 2) areas vdth different grazing 

regimes; and 3) reaches with obvious geomorphic differences, such as vehicle 

crossings. Once the reference reach was chosen, several cross-sections were 

surveyed—the number and location of cross sections varied depending on the 

complexity or heterogeneity of a given reach. For example, at each reference reach 

we surveyed at least one pool and one riffle but also included obvious areas of 

high bank erosion, antiuropogenic disturbance, an d /o r livestock trampling. A few 

vehicle crossings were surveyed to assess their effects on channel morphology. 

This deviates slightly from selection criteria described in Harrelson et al. (1994), 

but is consistent with the objectives of this study.

A morphological description of channels includes: width-at-bankfull, mean and 

maximum depth-at-bankfuU, width-to-mean-depth ratio, width-to-maximum- 

depth ratio, area-at-bankfuU, entrenchment, slope, sinuosity, pool-to-riffle ratio, 

and streambed particle size distribution (Rosgen 1996, Overton et al. 1995). 

Bankfull elevation was estimated in the field by identifying flat depositional areas, 

a marked change in vegetation, a change in slope of the streambank and changes in 

size distribution of particles at the surface (Leopold 1994, Harrelson et al. 1994). 

Williams (1978) found that visual determination of bankfull in the field is a reliable 

m ethod for determining bankfull, especially when marked along the longitudinal 

profile. Entrenchment is the ratio of floodprone-width to bankfull-width, where

11
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floodprone-width is the w idth of the channel at an elevation two times maximum 

depth at bankfull. These data were obtained by surveying 74 cross sections, 

longitudinal profiles at twenty reaches, mapping the entire stream, and taking 

pebble counts at 14 reaches on TRM Ranch. Surveying and pebble count proce

dures followed Harrelson et al. (1994) and Rosgen (1996). Pebble counts were not 

done on small silt and clay dominated streams.

12
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Bridge and ford crossings alter channel dimensions and affect the energy available 

for sediment transport. Although not a morphological feature, shear stress is 

influenced by channel shape, and by estmiatmg mean shear stress at all cross-

Reacli 14

Reach 10
Reach 11

Reach 18 Reach 9

Reach IS
Rccach 17 Reach 14

500 500 1000 M

Reach 11

Reach 7Reach S Reach 4

ReachS

South Folk Dupuyer Oeek

500 500 lOOO M

Figure 3 Map of Dupuyer Creek and its tributaries; showing locations of individual reaches. 
Inset shows Middle Fork Dupuyer Creek, refer to figure 2 for geographical location.

sections we can better understand the effect that crossings have on bedload 

transport. Shear stress is the frictional force causing flow resistance along the 

channel boundary (Gordon et al. 1992) and corresponds to the ability of the stream

13

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



to transport sediment (Leopold 1994). In general, the higher the shear stress the 

larger the particle the stream is capable of transporting. Other factors, such as 

clumping, sorting, and hiding also influence bedload movement. Such factors are 

included in an equation proposed by Bathurst et al. (1987). The Bathurst equation 

includes adjustments for hiding and exposure and attempts to predict entrainment 

of individual particle sizes. This is called critical unit discharge and varies de

pending on individual characteristics of streams. Whitaker and Potts (1996) found 

that Dupuyer Creek exhibits a greater degree of mobility and size selectivity in 

bedload transport than previously reported in the literature for gravel bed streams. 

Bedload transport was monitored at only one cross-section on Dupuyer Creek, 

thus we can not know conclusively that similar mobility and selectivity apply 

elsewhere on Dupuyer Creek. Our observations suggest that such high mobility is 

occurring throughout the stream. If we assume that streambed characteristics are 

similar throughout, we can use mean shear stress as a way of comparing energy 

among cross-sections on Dupuyer Creek. Shear stress at bankfull is calculated by 

(Leopold 1994):

T = y R s (1)

where:

T = shear stress (Ibs./sq. ft.) 
y = density of water 
R = hydraulic radius^ 
s = stream slope

* Hydraulic Radius was calculated with XSPRO Professional cross-section analyzer, public domain software.

14
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Leopold (1994) provides a graph of shear stress values (Figure 4) required to 

entrain a given particle size. He cautions that these values represent simple 

conditions and should only be used as a first approximation. Since, we are not 

trying to predict exact particle sizes entrained by bankfull, it is reasonable to use 

such a comparison to illustrate the effect that vehicle crossings have on bedload 

transport. Such a comparison helps to explains why bridges on Dupuyer Creek 

routinely wash out during moderate to large floods.

15
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In 1987, four 1-ha grazing exclosures were established on spring-fed Lenstra Creek 

and Middle Draw. These exclosures are paired grazing treatments that include no 

grazing (cattle or wildlife) and wildlife grazing only. There are also large hay 

m eadows along both creeks. Hay meadows are not grazed in summer but are often 

grazed during other seasons. We surveyed four channel cross-sections in Middle 

Draw, one in each grazing treatment. We also surveyed three cross-sections on

16
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upper Lenstra Creek associated with three different grazing treatments. We 

analyzed these cross-sections as described in the next section.

Analysis

The effects of livestock grazing on channel morphology are a function of stream 

type and grazing intensity and duration (Platts 1981, Rosgen 1996, Myers and 

Swanson 1992). Width-to-mean-depth ratio is one of the more widely reported 

channel morphology measurements because it relates to the function of streams, 

namely transporting water and sediment. Width-to-depth ratio is in turn affected 

by the timing and am ount of water and sediment delivered and presumably by 

land use activities. Faush et al. (1988) reviewed 99 different models that predict 

standing crop of stream fish from habitat variables. They found that many models 

include some measure of w idth and depth and when applied locally these models 

often explained a large portion of the variation in fish population size. The US 

Forest Service uses wetted width-to-mean-depth and width-to-maximum-depth 

ratios to describe fish habitat in their R1/R4 (Northern Region/Intermountain 

Region) fish habitat inventory procedures (Overton et al. 1995). However, hy- 

drologists and geomorphologists use bankfull width-to-depth ratios w hen de

scribing streams, primarily for two reasons: (1) water levels vary throughout the 

year and (2) bankfull discharge is believed to be the channel forming discharge 

(Leopold 1994, Wolman and Miller 1960) Because water level varies throughout 

the year, we chose to use bankfull channel dimensions in all analyses.

17
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We could not compare width-to-depth ratios for large streams on TRM Ranch for 

the following reasons; (1) although both Dupuyer Creek and North Fork Dupuyer 

Creek are primarily C4 stream types, Dupuyer Creek has more than twice the 

drainage area as North Fork Dupuyer Creek and may pre-dispose it to higher 

width-to-depth ratios; (2) North Fork Dupuyer Creek is grazed primarily in 

summ er where as Dupuyer Creek is grazed primarily in spring; (3) there are no 

grazing exclosures on Dupuyer Creek or North Fork Dupuyer Creek large enough 

to compare in statistical tests; (4) confounding effects of vehicle crossings and the 

straightening of Dupuyer Creek that resulted from a 1964 flood (Moeckel et al. 

1996) would have made results of any tests difficult to interpret.

We were able to compare width-to-depth ratios for small streams, which are 

similar stream type and do not have large differences in drainage area. They are 

not affected by vehicle crossings and do not show widespread effects of the 1964 

flood. In addition, there were a sufficient number of no-grazing areas (n=4) to 

allow an unbiased sample for the following comparison. Values for bankfull 

width-to-mean-depth and width-to-maximum-depth ratios for these streams do 

not meet the assumptions of normal distribution or homogeneity of variance even 

after standard transformations; therefore, ANOVA was not applied. Instead, we 

used the Kruskal-Wallis 1-Way Anova (Knapp and Matthews 1996) to test for 

significant differences in the effects of grazing versus no grazing on bankfull 

width-to-mean-depth ratio and width-to-maximum-depth ratio. The Kruskal- 

Wallis 1-Way Anova is not concerned w ith specific parameters, such as the mean,

18
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only the distribution of the variâtes (Sokal and Rohlf 1995). To further distinguish 

effects of grazing treatments on bankfull width-to-mean-depth and width-to- 

maximum-depth ratios, we used a Wilcoxon Rank Sum test to compare width-to- 

mean-depth and width-to-maximum-depth ratios pairwise between three grazing 

treatments, no grazing (n = 7), summer grazing (n = 6), and spring grazing (n=10). 

Because these test statistics were not independent, we used a  sequential Bonferroni 

test (Rice 1989) to calculate the minimum table wide significance of p-values from 

the Wilcoxon Rank Sum test.

Stream Condition
Stream condition categories and ratings include: 1) riparian vegetation type and 

density (visual estimate); 2) flow regime; 3) size and stream order; 4) depositional 

patterns; 5) meander patterns; 6) debris and channel blockages; 7) stream channel 

stability rating; 8) streambank erosion potential and near-bank stress; and 9) 

degree of alteration. The first three categories are self explanatory; however, the 

remaining five categories and ratings require some explanation.

Depositional patterns are descriptions of channel bar features observed in streams, 

and m eander patterns are categorized into one of eight different, yet commonly 

observed patterns (Table 1) (Rosgen 1996). Similarly, stream channel debris and 

blockages are categorized into one of ten different categories depending on the size 

and extent. The Pfankuch stability rating (Pfankuch 1978), used widely by the U.S. 

Forest Service, was originally developed for moderate gradient, forested streams; 

therefore, the ratings were not widely applicable to all stream types without

19
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modification (Rosgen 1996). The modifications applied here are presented in 

Rosgen (1996).

Table 1. Depositional features and meander patterns as described in Rosgen (1996).

B-1 Point Bars M-1 Regular meander
B-2 Point bars with few mid-channel bars M-2 Tortuous meander
B-3 Numerous mid-channel bars M-3 Irregular meander
B-4 Side bars M-4 Truncated meanders
B-5 Diagonal bars M-5 Unconfined meander scrolls

Main channel branching with numerous M-6 Confined meander scrolls
B-6 mid-bars and islands M-7 Distorted meander loops

Side bars and mid-channel bars with M-8 Irregular with oxbows, oxbow cutoffs
B-7 lei%th exceeding 2 to 3 times channel
B-8 Delta bars

Bank erodibility ratings use field-determined data to categorize the potential for 

bank erosion. The variables measured include: 1) bank height/bankfull height; 2) 

root dep th /bank  height; 3) root density; 4) bank angle; 5) surface protection; and 6) 

bank materials (Rosgen 1996). Each variable gets a score from 1-10 except bank 

materials which are included separately. A summation of scores for each variable 

provides an erodibility rating of very low (score 5-9.5), low (score 10-19.5), moder

ate (score 20-29.5), high (score 30-39.5), very high (score 40-45), and extreme (score 

46-50). Depending on bank materials, scores are adjusted according to the follow

ing guidelines: 1) bedrock, always very low; 2) boulders, always low; 3) cobble, 

decrease by one category unless mixture of gravel/sand is over 50% then no 

adjustment; 4) gravel, adjust values up by 5-10 points depending on composition

20
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of sand; 5) sand, adjust values up  by 10 points; 6) silt/clay, no adjustment (Rosgen 

1996).

The actual am ount of bank erosion is also dependent on the am ount of force 

applied to die bank by running water. To estimate this force, we divided the 

bankfull cross-section into thirds and calculated the percent of the total cross- 

section in the third nearest the bank (Rosgen 1996). This force is called stress in the 

near-bank region and is calculated by (Rosgen 1996):

Near-bank Stress = nb A /A  (2)

where:

nb A = width*mean depth for 1 /3  of the channel widtii in the near
bank region 

A= cross sectional area at bankfull

This equation yields values between 1.0 and 0.0, where ratings of stress are 

assigned as follows:

Table 2. Calculated stress values 
and adjective rating as presented 
by Rosgen (1996).

Calculated Stress Rating 
0.32 or less Low
0.33 - 0.41 Moderate
0.42 - 0.45 High
0.46 - 0.50 Very high
0.51 or more Extreme

21
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Bank erodibility and stress in the near-bank region were applied to 41 of 74 cross- 

sections; primarily the main fork of Dupuyer Creek and North Fork Dupuyer 

Creek.

Overton et al. (1995) defined stable banks as showing no evidence of active erosion, 

breakdown, tension cracking, or shearing. This definition classifies streambanks 

as stable or unstable, however placing such limits tends to ignore the middle 

range, which may be more useful in determining trends. In an effort to compare 

bank stability as assessed here with the results of Overton et al. (1995), we have 

further simplified our bank erodibility and near-bank stress ratings as follows: 1) 

stable (little if any observed bank erosion); 2) moderately stable (some signs of 

erosion but usually not major sloughing or calving); and 3) unstable (obvious 

sloughing, usually several to many feet of bank erosion annually). Actual erosion 

in 1995, was measured at six cross-sections and estimated during floods at the 

other cross-sections: Most cross-sections in this study were initially surveyed after 

spring runoff 1995 and re-surveyed in August 1996.

Assessing degree of alteration involves describing probable historic condition 

versus current observed condition. Examples of alteration include channelizing 

streams for bridge or ford crossings, constructing berms for irrigation diversions.

22
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and streambank trampling by livestock. Manure piles and bank trampling are the 

prim ary evidence of livestock use.

Monitoring
Each cross-section was resurveyed following spring runoff 1995 and 1996. We also 

monitored bedload transport as part of companion study of bedload hydraulics 

(Whitaker 1996). In this paper, we will discuss briefly maximum particle sizes 

gathered in bedload samples and how that relates to channel stability.

Bank erosion was monitored in three ways: (1) toe-pins—as described in Harrelson 

et al. (1994)—were installed at six cross-sections to provide detailed vertical 

profiles of streambanks; (2) annual re-survey of cross-sections indicates distance 

that streambanks eroded; and (3) visual observation of streambanks eroding 

during floods.

23
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RESULTS
The results in this study consist largely of cross-sections, long profiles, pebble 

counts from study reaches, and personal observations over a three year period. 

These data are summarized in this paper and are presented in fuU in Appendices 

(A-F) as indicated below.

Geomorphic Characterization
Drainage density is a quantitative description of the total length of streams in a 

given area that reflects the climate, geology, soils, and vegetation cover in a 

drainage basin. Drainage density for Dupuyer Creek is 4.64 km/km^- (7.47 mi/mi^) 

as mentioned previously, crenulations were included in our analysis and increased 

drainage density significantly. By excluding aU crenulations—most of which are 

not draw n as perennial streams on the topographic m aps—the estimated drainage 

density decreases to 0.98 km /km ^ (1.58 mi/mi^). These numbers are at the low end 

of the spectrum for drainage density for the Rocky Mountain region, which has a

Table 3. Summary of standard drainage basin calculations (Selby 1985, Gordon et al. 
1992) for Dupuyer Creek drainage basin to TRM Ranch.

Drainage Density =4.64 km/km^ Length of Basin -  15.82 km
Width of Basin =9.25 km Basin Form Factor = .37
Basin Elongation -  .69 Relief Ratio = .0715
Basin Area = 93.5 knf Basin Perimeter = 58.24 km
Basin Shape = 2.68 Qrculaiity Ratio = .35
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range from 8 to 16 mi/m i^ and 50 to 100 m i/m i^for drier areas (Strahler 1964). As a 

comparison, drainage densities in the Badlands National Monument, SD range 

from 200 to 400 mi/mi^.

Stream order is a quick and easy method of classifying strezuns, and can be a useful 

tool for stratifying stream surveys in a given region. The main fork of Dupuyer 

Creek is a sixth order stream and has a total length on TRM Ranch of 9.0-km. 

Middle Fork Dupuyer Creek is 3*̂*̂ order, N orüi Fork Dupuyer Creek and South 

Fork Dupuyer Creek are 5* order, Lenstra Creek is a  order, and McCarthy and 

Middle Draw are 1»‘ order streams. Additional drainage basin metrics are pre

sented in Table 3.

Streamflow

The peak flow hydrograph for Dupuyer Creek is dominated by snowmelt and 

spring rainstorms (Figure 4 & 5). Peak streamflows occur between March and July 

but most frequently in May and June (Appendix A). May and June are also 

typically the wettest months of the year averaging about 3.8 and 4.3 inches of 

precipitation per m onth respectively at the SNOTEL (12 year average from 1984 

through 1995). Mean precipitation in May and June at Valier, MT averages 1.6 and

2.2 inches respectively.

Spring rainstorms strongly influence the magnitude and timing of runoff. In 1995, 

two large peak flows, one May 6 the other June 7, resulted from several days of 

m oderate to heavy rain (Figure 5). These storms deposited 4.5 and 6 inches of rain
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respectively at the SNOTEL precipitation gauge near Middle Fork Dupuyer Creek. 

On TRM Ranch a precipitation gauge showed about 4 and 5 inches of rain, 

respectively. Many soils on TRM Ranch have a high clay content (personal 

observation and soil texture analysis), and when saturated, overland flow is 

common and probably decreases the time required for delivery to the stream. 

During these spring storms, overland flow on hillsides leading to Dupuyer Creek 

was common, especially along game and livestock trails. Snowmelt may have 

contributed largely to the flood in May. However, on June 2 we hiked in the 

Dupuyer Creek watershed and saw virtually no snow remaining, therefore 

snowmelt did not contribute significantly to the June peak other than saturating 

soil and possibly decreasing water infiltration rate. Precipitation at the SNOTEL 

guage (elevation 1737 m) from October 1 to April 30 was actually slightly higher 

for 1996 than for 1995 at 20.7 and 19.2 inches respectively (12 year average = 15.9 

inches). In 19%, there were no large spring rains like those observed in 1995, and 

although vrinter precipitation was measured at well over 100% of normal, stream

flow did not reach bankfull.

Streamflow monitoring at cross-section 2.3 yielded an estimated bankfull discharge 

of 220 cfs. At bankfull discharge, particle sizes between 98 and 125-mm, measured 

on the b-axis, were observed moving. This range in particle size corresponds to dS4 

- d95 (meaning 84 to 95 percent of particles in the streambed are smaller than these 

particles), and indicates that Dupuyer Creek is capable of transporting nearly all of
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