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INTRODUCTION

The nine study area watersheds (Figure 1) occupy
just under one million acres in Petroleum, Fergus,
Blaine, Phillips, and Garfield Counties in Central
Montana. The watersheds are primarily within
the Northwestern Great Plains Ecoregion (Woods
et al. 1999), an unglaciated, semi-arid, rolling
plain underlain by siltstone, shale, and sandstone
and punctuated by occasional buttes. Native
grasslands or dryland grains and pasture dominate
the dissected topography, with cottonwood, willow,
and box elder in riparian areas and ponderosa
pine and juniper throughout the breaks. Portions
of the southwestern and northeastern parts of the
study area (the Judith Mountains and Little Rocky
Mountains, respectively) lie within the Middle
Rockies Ecoregion, characterized by Douglas

fir, subalpine fir, and Engelmann spruce forests

in the wetter sections, and lodgepole pine in the
drier parts of the Judith Mountains. Northeast

of the Missouri River is a small section of the
Northwestern Glaciated Plains Ecoregion, where
gently rolling, pine-studded glacial till plains
overly marine shales. These Level Il Ecoregions

contain six Level IV Ecoregions, shown in Figure2.

The Missouri River crosses the study area in the
Woodhawk-Bull Creek watershed. The Two Calf
Creek, Armells Creek and Dry Armells Creek
watersheds drain directly into the Missouri above
Fort Peck Reservoir; Sacajawea River (a.k.a.
Crooked Creek), Blood Creek, Drag Creek and
Dovetail Creek drain into the lower Musselshell
River, which joins the Missouri at the upstream
end of Fort Peck Reservoir. According to cadastral
records, the Bureau of Land Management (BLM)
owns or administers close to 340,000 acres within
the study area boundaries. BLM land, like other
public land in the region, is primarily leased for
grazing.

The goal of this study was to provide both
landscape-level assessments of watershed health
and integrity and site-specific evaluations of
lentic wetlands and aquatic resources. This was
accomplished using both field sampling and
broad-scale GIS analysis. To provide a basis

for comparison, the study area was analyzed by

5th code HUC and by Level IV Ecoregion. We
used indices of watershed integrity developed

in earlier watershed assessments (Crowe and
Kudray 2003, Vance 2005, Vance et al. 2006) to
provide a comprehensive G1S-based evaluation of
landscape condition and health across the study
area. Field sampling of terrestrial and aquatic sites
provided detailed information on the composition
and distribution of plant, invertebrate, and fish
communities.

The Ecological Setting: Climate,
Geology, Landform, Soils, and
Hydrology

Climate

Within the study area watersheds, the climate is
marked by cold winters, warm to hot summers,
abundant sunshine, and winds from the west.
Average annual precipitation ranges from 13
inches in the easternmost part of the study area
to 15 inches in the westernmost parts, with small
bands of high annual precipitation (19 to 22 inches)
occurring in parts of the Judith and Little Rocky
Mountains. Snow falls across the area between
November and April, with annual totals ranging
from less than 20 inches to more than 40. Rainfall
is typically concentrated between April and June,
although localized, intense thunderstorms occur
frequently from July to September, often igniting
wildfires in the Missouri Breaks area. Humidity
is characteristically low, so soil moisture is lost
rapidly during periods of high temperature and
wind. Average low January temperatures are
between 3° F and 15° F, while average high July
and August temperatures are between 83° F and
88° F (Western Regional Climate Center 2007).
The growing season is between 105 and 130 days
(National Agricultural Statistics Service, 2007).

Geology, landform, and soils

The characteristic geology of the study area dates
from the Cretaceous period, between 90 and 70
million years ago, when central Montana was
covered by the Western Interior Seaway. Multiple
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Figure 1. Study area watersheds (dark lines represent watershed boundaries)
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retreats and advances of the inland sea formed
basins where shales, sandstones and siltstones
were deposited (Figure 3). Most of the study
area is comprised of the formations collectively
known as the Montana Group, about 1,500 feet
thick. These include the Claggett and Bearpaw
formations, laid down during the three periods
where the sea moved westward towards the
Colorado, and the Eagle Sandstone and Judith
Formations, left behind during the retreats (Sahni
1972). In the southwestern portion of the study
area, the Bearpaw shales are overlain by Fox
Hills sandstones, the lithified sediments from
the shoreline of the Western Interior Seaway.
Above the Fox Hills sandstone is the Hell Creek
Formation, deposited by rivers flowing eastward
from the Rockies during the last retreat of the

inland sea. Many of these formations contain coal
and bentonite deposits.

The Little Rocky and Judith Mountains are of more
recent origin, formed approximately 55 million
years ago by volcanic eruptions that spread across
central Montana. Intrusive and extrusive episodes
associated with this volcanic activity also brought
much older Precambrian gneisses and schists to
the surface, especially in the Little Rockies (BLM
1992). Along the edges of the study area, this
combination of soft sedimentary rocks and erosion
resistant igneous rocks has produced the dramatic
landscapes of the Missouri Breaks (Figure 4),
where streams created by the receding ice sheets
cut deep channels and broad coulees (Figure 5).
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Figure 4. The Missouri Breaks

Throughout most of the study area, the rolling
landforms of the Bearpaw shales are topped

by grasslands (Figure 6) and some dry-farmed
grain. Soils are primarily clays and shallow clays,
weathered from acid and calcareous shales. In the

uplands, complex sandy and loamy soil patterns
prevail. Soils over the Hell Creek deposits are
siltier, and dry-farming of grains is extensive.
Grasslands are used primarily as range. The deeply
eroded eastern and northern portions of the study

Figure 6. Grasslands north of Judith Mountains

— Rivers
hajor streams

Miles

Figure 5. Hillshade of study area with major streams and rivers



Table 3. Montana native fishes in the study area

Common Name Scientific Name BLM Status
Bigmouth buffalo Ictiobus cyprinellus

Blue sucker Cycleptus elongatus Sensitive
Brassy minnow Hybognathus hankinsoni

Brook stickleback Culaea inconstans

Burbot Lota lota

Channel catfish Ictalurus punctatus

Emerald shiner Notropis atherinoides

Fathead minnow Pimephales promelas

Flathead chub Hybopsis gracilis

Freshwater drum Aplodinotus grunniens

Goldeye Hiodon alosoides

lowa darter Etheostoma exile

Lake chub Couesius plumbeus

Longnose dace Rhinichthys cataractae

Longnose sucker Catostomus catostomus

Mottled sculpin Cottus bairdi

Mountain sucker Catostomus platyrhynchus

Mountain whitefish Prosopium williamsoni

Northern redbelly X Phoxinus eos x phoxinus Sensitive
Finescale dace neogaeus

Paddlefish Polyodon spathula Sensitive
Pallid sturgeon Scaphirhynchus albus Endangered
Pearl dace Semotilus/Margariscus margarita | Sensitive
Plains minnow Hybognathus placitus

Pumpkinseed Lepomis gibbosus

River carpsucker Carpoides carpio

Sand shiner Notropis stramineus

Sauger Stizostedion canadense Sensitive
Shorthead redhorse Moxostoma macrolepidotum

Shovelnose sturgeon Scaphirhynchus platorynchus

Sicklefin chub Macrhybopsis meeki Sensitive
Smallmouth buffalo Ictiobus bubalus

Stonecat Noturus flavus

Sturgeon chub Hybopsis gelida Sensitive

Western silvery minnow

Hybognathus nuchalis

White sucker

Catostomus commersoni
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Figure 15. Public and private grazing land

Timber removal

Although woodhawkers cut substantial amounts of
timber for steamboats during the heyday of river
navigation, conifer forests in the Breaks recovered
by the 20th century, and now account for over a
third of the timbered land in the study area. Forests
in the higher elevation mountains have not fared

as well. Post-logging natural re-establishment,
coupled with fire suppression, has produced dense,
mid-aged stands of Douglas-fir and Ponderosa pine
forests with high mortality, low productivity, and
considerable susceptibility to insects and disease
(BLM 2006).

Extraction, diversion and impoundment of
water

The portion of the Missouri River flowing through
the study area is designated Wild and Scenic

and lies within the Missouri Breaks National
Monument. Flows are moderated somewhat by
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major upstream and downstream impoundments,
and influxes from tributary rivers are reduced by
diversion and impoundment. Nonetheless, flows
prior to irrigation season are sufficient to maintain
a more-or-less natural hydrologic regime, with
floods and peak flows occurring at regular intervals.
The Musselshell, by contrast, is affected both by
diversions and withdrawals on the mainstem and
tributaries and by Fort Peck Reservoir, into which
it flows. Sustained drought has drawn down the
Reservoir to the point it no longer extends as far
south as the Musselshell (Figure 16), but a series
of normal water years could bring levels back.

Across the study area, small dams, diversions and
impoundments on headwater and mainstem streams
tend to minimize temporal variability in stream
flows. By eliminating flood peaks, these dams,
diversions and impoundments lead to narrowing
and firming of channel beds over time, and to the



Figure 16. Boat launch at Crooked Creek Recreation Site,
confluence of Musselshell and Fort Peck Reservoir

loss of bare substrate necessary for successful
woody vegetation. Streams in the study area have
also downcut significantly over time, and in most
areas, only remnant (and decadent) cottonwoods
remain. There are currently 2381 dams, diversions,
or headwater gates. Density of surface diversions
ranges from more than 9 surface water diversions
per 100 kilometers of stream length in the
Woodhawk, Antelope, and Blood Creek watersheds
to approximately 6 in the Drag, Sacajawea, and
Dry Armells watersheds. Almost 2/3 of the
diversions are in the Central Grasslands ecoregion,
where private ownership is highest. Across the
study area, 68% of the water rights points of use
(which includes both diversions and direct uses)
are for stock watering, 14% are for irrigation, and
the remainder cover a variety of uses including
recreation, fisheries, domestic use, erosion control,
and mining.

Within the study area, the Missouri River, Blood

Creek, Armells Creek, and the Lower Musselshell

have all been evaluated by the Montana

Department of Environmental Quality as part of the

TMDL process (DEQ 2001).

. The Missouri River from Bullwhacker
Creek to Fort Peck Reservoir was found
to fully support two of its beneficial uses
(agriculture and industrial), partially
supporting two others (aquatic recreation
and warm water fisheries), and not
supporting the fifth (drinking water).
Probably causes for impairment were listed

as alteration of streamside vegetation,
agriculture, livestock grazing, and arsenic
and copper contamination.

. Blood Creek was classified as partially
supporting a warm water fishery and
aquatic life, with impairments being the
result of habitat alteration. Because this is
not a pollutant, no TMDL was required.

. Armells Creek was found to be impaired
from its headwaters to Deer Creek, and not
supporting aquatic life or a warm water
fishery due to cadmium, copper, arsenic,
zinc, and pH. From the confluence with
Deer Creek to the Missouri, beneficial
uses (aquatic life, warmwater fishery, and
primary contact recreation) were all met.

. The 74-mile stretch of the Lower
Musselshell, from Flatwillow Creek to
Fort Peck was found to partially support
aquatic life and a warm water fishery,
and to fully support contact recreation.
Again, no pollutants were found; causes of
impairment were low flows, alterations in
vegetations due to agriculture and grazing
in riparian and shoreline zones, streambank
modifications and destablilization, water
diversions, and impacts from resorts.

Conversion of grasslands to agriculture
Grassland conversion can affect watershed health
and integrity in a number of ways: first, it is
generally accompanied by water withdrawal for
agricultural use; second, it eliminates or impedes
regrowth of native vegetation while facilitating
invasion by weedy species; and third, erosion from
tillage and farm roads contributes to increased
sedimentation of streams and rivers (Power et al.
1995). In the study area, grasslands account for
approximately 58,700 acres, pasture and haylands
for 2,500 acres, and row crop, small grain, or
fallowed fields for 45,200 acres.

Most of the land identified as grassland on National
Land Cover Dataset maps is privately owned,

and is used for grazing. While this is not strictly

a conversion, both grazing and crop production

put heavy demands on water supplied by wells

and surface water diversions. There are 351
groundwater rights in the study area, and 2,030



surface water diversions. The study area is also
impacted by out-of-area diversions from the
Musselshell and its tributaries.

Agricultural conversion also puts aquatic
resources at risk through increased erosion

and sedimentation. Both the Missouri and the
Musselshell carry heavy sediments loads. During
2003-2004, the total sediment measured on the
Missouri River at Landusky in May and June
(peak flow months) was 514,780 tons and 667,020
tons, respectively. The maximum daily sediment
discharge, recorded in June of 1976, was 1,680,000
tons (Berkas et al. 2004). The U. S. Geological
Survey has sampled water quantity and quality in
the Musselshell at Mosby Bridge for over 25 years,
concluding that the average daily sediment load is
735 tons.

Livestock grazing

As noted earlier, livestock grazing is the dominant
agricultural use in the study area. Cattle are the
most common grazing animals, although sheep

are still present in small numbers. Although the
Great Plains ecosystems evolved under grazing
pressures from hoofed ungulates, the seasonality
and intensity of bison and elk grazing differ from
current systems. If not managed optimally or
effectively, cattle and sheep grazing can cause

soil compaction, nutrient enrichment, vegetation
trampling and removal, habitat disturbance, and,
depending on the season and intensity of use,
reproductive failure for native plants and animals.
Grazing in riparian areas can cause stream and river
bank destabilization, loss of riparian shade, and
increased sediment and nutrient loads in the aquatic
ecosystem (George et al. 2002). Stock watering
tanks can contribute to dewatering of streams and
aquifers, and may concentrate livestock movement
and congregation in sensitive areas. During hot
summers, cattle and sheep prefer to loaf in shady
areas, trampling understory vegetation.

Although we saw individual examples of
overgrazing, and sheep and cattle in riparian areas,
we did not see widespread evidence of improper
grazing or substantial degradation of aquatic
resources by livestock. However, we did note that
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non-native grasses and forbs were evident in almost
all of the grasslands in the study area

Broad-Scale Assessment Indices

In previous watershed assessments (Crowe and
Kudray 2003, Vance 2005, Vance et al. 2006), the
Montana Natural Heritage Program developed a
method for broad-scale assessment of wetlands
based on a procedure originally developed

by the Northeast Region of the U.S. Fish and
Wildlife National Wetland Inventory Program
(Tiner et al. 2000). We have continued to refine
this method by adding new metrics, dropping
redundant or insensitive metrics, and refining
scoring for land-use categories. We believe these
ongoing refinements provide a better baseline

for assessment, and more accurately evaluate the
stressors found in western watersheds.

This assessment procedure has three components.
First, we generated a Composite Natural
Complexity Index, based on underlying hydrologic
and elevation factors, to capture the extent and
variation of natural conditions within the overall
study area and the individual watersheds. Each

of the sub-indices is scaled from 0.0 to 1.0, with
higher scores reflecting greater complexity. In
earlier assessments, we were also able to evaluate
wetland diversity as part of this index; in this
study area, where there are no National Wetland
Inventory maps, this part of the assessment could
not be performed. However, our field surveys
indicated very little wetland diversity in these
watersheds, and indeed, very few natural wetlands.

Next, we used two sub-indices of habitat extent
and two sub-indices of disturbance to produce the
overall Composite Watershed Condition Index
(CWCI). This index gives a sense of how much
pre-settlement habitat remains in the study area
watersheds, emphasizing riparian systems and
adjacent upland habitat, i.e. buffers. In this step,
higher scores on the habitat sub-indices represent
more optimal conditions, while higher scores

on the disturbance sub-indices indicate potential
problems. The habitat indices are added together
and the disturbance indices are subtracted from this
sum to create the Composite Watershed Condition
Index (CWCI) for each 5th code HUC.



In the final step, we calculated a Composite
Wetland Threat Index. Because both grazing

and noxious weeds have the potential to degrade
wetlands and riparian areas over time, we have
included them both as current disturbances and
future threats. Here, higher scores signal a higher
level of threat.

One criticism of indices of biological integrity

is that individual characteristics of the system
being assessed are blurred by the act of collapsing
multiple metrics into a single number (Moyle et

al. 1999). To offset this danger, we have chosen

to keep the three overall indices distinct from one
another. This way, characteristics of each watershed
can be compared without significantly diminishing
the magnitude of specific disturbances or threats.

Composite Natural Complexity Index

In past assessments, we used diversity indices

to characterize the inherent natural features of

the watersheds, reasoning that these underlying
factors can influence both overall condition

and the severity of threats. Diversity indices

are mathematical measurements of community
composition, typically used to assess species
diversity, although they are sometimes used at

the landscape level. Here, we depart from that
practice in favor of a “Natural Complexity Index,”
which we feel captures the variability inherent

in the study area without complex mathematical
analysis. The Natural Complexity Index measures
the richness and extent of hydrologic features and
topography. It has two subindices, the Hydrologic
Complexity Index and the Topographic Complexity
Index, explained below.

Hydrologic Complexity Index (1,,.)
The Hydrologic Complexity Index describes the

number and density of hydrologic features in a
watershed (springs, seeps, perennial lakes and
streams, and intermittent lakes and streams). By
characterizing the number and extent of these
features, this subindex allows managers to
prioritize watersheds for management efforts or
further assessment. Although many of the lakes
and ponds are manmade, we have included them
in the analysis because they provide significant
habitat when managed for those values.
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We calculated this index by summing 1) the
number of springs and seeps, 2) the number of
perennial and intermittent lakes; and 3) the density
of perennial and intermittent streams and lakes (in
square miles of lake per square miles of watershed,
or total miles of stream per square miles of
watershed). Each of the nine watersheds received
a rank of 1-9 in each category (number of springs;
number of perennial lakes; number of intermittent
lakes; square miles of intermittent lakes per square
miles of watershed; square miles of perennial lakes
per square mile of watershed; miles of intermittent
stream per square miles of watershed; and miles of
perennial stream per square miles of watershed).
Low scores in a category meant the watershed

had the lowest number of density of the feature

in question. Scores were summed across the
categories, and averaged for each watershed. To
convert them to a scale of 0 to 1, we took the log of
the score. This was then relativized by taking the
highest log score, and dividing all other scores by
that score.

Based on this analysis, the Armells Creek
watershed has the most hydrologic complexity.
The Dovetail, Antelope, Dry Armells and Two
Calf watersheds have slightly lower scores, but
all have good complexity based on the type and
distribution of features in the study area. The
Drag and Woodhawk Creek watersheds have the
least hydrologic complexity. Table 4 shows the
individual scores on this metric.

Table 4. Hydrologic Complexity
Index scores

Watershed Score
Armells 1.00
Dovetail 0.98
Antelope 0.95
Dry Armells 0.94
Two Calf 0.94
Blood 0.68
Sacajawea 0.68
Drag 0.54
Woodhawk 0.44




Topographic Complexity Index (1...)

Elevations in the study area range from 684 to
1,947 meters (2,284 to 6,388 feet) above sea level.
This score was calculated by using a GIS to create
25 equal elevation bands (+/- 50 meters each)
across the study area. We summed the number

of elevation bands in each watershed, took the

log of that sum, and relativized the scores by
dividing each log score by the highest log score.
Table 5 shows the scores on this metric. The
Armells Creek watershed (which extends up Judith
Mountain) has the most topographic complexity,
while Drag Creek (which is part of the Breaks area
around the Musselshell) has the least.

Table 5. Topographic Complexity
Index scores

Watershed Score
Armells 1.00
Woodhawk 0.92
Dry Armells 0.79
Two Calf 0.66
Blood 0.64
Sacajawea 0.62
Dovetail 0.60
Antelope 0.57
Drag 0.51
Composite Natural Complexity Index (CNCI

We combined the two sub-indices into a Composite
Natural Complexity Index. Table 6 shows the
scores on this composite metric. As the scores
indicate, the Armells Creek watershed has the

most overall complexity among the study area
watersheds, scoring highest on both hydrology and
topography metrics.

The Armells and Dry Armells watersheds both
include perennial stream reaches, as well as having
the greatest combined length of intermittent
streams. Armells occupies a higher elevation
position than Dry Armells, extending from the

top of the Judith Mountains to the grasslands
(Figure 17), and Dry Armells runs from the Judith
Mountain foothills to the Missouri River. Both
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Table 6. Composite Natural
Complexity Index scores

Watershed Score
Armells 1.00
Dry Armells 0.87
Two Calf 0.80
Dovetail 0.79
Antelope 0.76
Woodhawk 0.68
Blood 0.66
Sacajawea 0.65
Drag 0.53

Figure 17. Armells Creek watershed

include mixed conifer forests, grasslands and
shrublands. Upper reaches of Armells Creek are
surrounded by aspen, and there are several willow
complexes in the grasslands. Dry Armells contains
extensive Ponderosa pine forests, and several
stands of cottonwood near the confluence of
Armells Creek and the Missouri.

Composite Watershed Condition Index

The Composite Watershed Condition Index is
made up of four sub-indices. Two habitat extent
indices measure the degree to which the watersheds
in the study area retain the natural conditions
believed to have existed prior to Euro-American
settlement: the Natural Cover Index and the Stream
Corridor Integrity Index. Each of these indices has



a score between 0 and 1, with O representing the
greatest departure from natural conditions, and

1 representing the least departure. These indices
are complemented by two disturbance indices
that assess the extent of alterations and other
disturbances affecting watershed condition: the
Riparian Loss Index and the Road Disturbance
Index. Each of these indices also has a score
between 0 and 1, with 0 representing the lowest
level of disturbance and 1 the highest. To arrive at
an overall determination of wetland condition, we
summed the two habitat extent sub-indices and then
subtracted the summed disturbance sub-indices.
Each of these is explained below.

Habitat Extent Indices

Natural Cover Index (1, .)

The Natural Cover Index measures the amount of
grassland, forest, shrubland, and wetlands/lakes
relative to the total land area in the watershed.
Because human activities in watersheds can have
far-reaching effects on wetland hydrology, water
quality, vegetation, soil development, and nutrient
cycling at both the site and watershed scale, more
land in natural cover within a watershed contributes
to better overall condition. Inversely, a low score
suggests substantial loss of watershed function.

The Natural Cover Index was initially developed
for use in the Northeast, where livestock grazing

is not as widespread, and consequently it does

not account for the impacts of grazing on natural
cover. Although grasslands in the western U.S.
evolved under grazing regimes, the brief, intense
grazing patterns characteristic of bison and elk are
not reproduced by cattle, and plant community
composition can shift radically under continued,
season-long grazing, especially if cattle are stocked
heavily. The original Natural Cover Index also
does not distinguish between non-natural land use
categories; for example, a watershed with 75% of
its land in natural cover and 25% in dry-farmed
agriculture would receive the same score as a
watershed with 75% of its land in natural cover and
25% in high-intensity residential and commercial
development. Therefore, we used a weighting
system based on the methodology developed by
Hauer et al. (2001, 2002) for field-based landscape
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assessments, adapting that methodology to the
analysis of 2001 National Landcover (NLCD) data
sets. In this system, land uses derived from the
NLCD are weighted as follows:

Use Weight
Other 0.5
Open Water 1.0
Low intensity residential 0.3
Commercial, industrial, transportation 0.0
Bare rock, sand or clay 1.0
Deciduous forest 1.0
Evergreen forest 1.0
Mixed forest 1.0
Shrubland 1.0
Grassland or herbaceous 0.7
Pasture or hay 0.6
Cultivated crops/Fallowed land 0.2
Developed, open space 0.4
Herbaceous wetlands 1.0
Woody wetlands 1.0

In this weighting system, all grasslands are
assumed to be grazed. Hauer et al. (2001) assigned
weights from 0.2 to 0.7 depending on grazing
intensity, but this was not possible from remotely-
sensed data. Instead, we assumed grazing across
all grasslands could be weighted as “light,” or

0.7, since some grasslands would only be grazed
sporadically.

The Natural Cover Index is then calculated as:

INC = ALCWt/A\N’
where A ., = sum of the weighted scores for land
cover in acres, and A, = total area in the watershed.
For the study area as a whole, the Natural Cover
Index score is 0.78. Scores for the individual
watersheds are shown in Table 7:

The watershed with the most natural land cover
is Drag Creek. Except for the agriculturally
developed Musselshell River valley, this is a
remote and little-developed area mostly in federal
ownership. However, it should be noted this
score may not reflect the impacts of grazing in
riparian areas; woody wetlands --in this case, the
cottonwood forests along the Musselshell River--



Table 7. Natural Cover Index scores

Watershed Score
Drag 0.85
Dry Armells 0.82
Woodhawk 0.82
Two Calf 0.81
Sacajawea 0.80
Armells 0.79
Blood 0.73
Dovetail 0.73
Antelope 0.67

are scored as a natural feature. Nonetheless, even
if woody wetlands were given a weighted score of
0.7 to reflect grazing, the Drag Creek watershed
would still have the highest score on this index.
Grazing impacts in riparian areas are reflected in
the Stream Corridor Integrity Index, below.

The Antelope Creek watershed has the lowest
score of any in the watershed, reflecting the high
proportions of grassland and cropland. This
watershed also has one of the highest percentages
of privately owned land (82%).

Stream Corridor Integrity Index (1. )

The Stream Corridor Integrity Index measures the
amount of natural land cover within a set buffer on

either side of all perennial and intermittent streams.

It was calculated by creating a 50-meter buffer on
each side of the stream segments in the 1:100,000
National Hydrography Dataset. Although higher
resolution stream data is available and was used in
other calculations (e.g. the Hydrologic Complexity
Index), it includes many ephemeral streams and
drainages where transport of sediment, runoff

and pollution may be minimal. By using lower-
resolution data, we hoped to capture perennial and
intermittent streams while avoiding ephemeral
drainages.

This index offers a way to determine whether areas
adjacent to streams are contributing more than
natural amounts of sediment, runoff and pollution.
Croplands and fallow fields will produce higher
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sedimentation rates than naturally vegetated

areas (Wilkin and Hebel 1982), and activities
creating impermeable cover (particularly roads and
commercial, industrial or residential development)
will lead to elevated runoff levels, as well as
overland transport of chemical pollutants.

Like the Natural Cover Index, the Stream Corridor
Integrity Index as developed by Tiner (2000) is
generally a simple ratio of naturally vegetated
stream corridor to total stream corridor area, with
no allowance made for either grazing impacts or
types of non-vegetation cover. Accordingly, we
weighted the various land uses as we did in the
Natural Cover Index, adjusting our assumptions
and the assigned weights slightly to reflect the
difference in both use and impacts of land use
activities on riparian versus upland systems. We
assumed, for example, that grazing pressure would
be better characterized as “moderate” than as
“light” in riparian grasslands, as cattle are prone
to congregate near sites offering shade and water,
but the lushness of riparian grasslands makes
them somewhat more resistant to grazing than
more water-stressed uplands. Following Hauer
et al. (2002), we therefore gave grasslands in the
stream corridor (which we assume are all grazed)
a weight of 0.6. Again following the weights
assigned by Hauer et al. (2002) for riparian
corridors, we changed the weight assigned to
Hay or Pasture from a 0.6 to a 0.5 to reflect the
higher risk of erosion, sedimentation and nutrient
enrichment from agricultural activities near a
stream. However, we did not change the weights
of crop and grain production, which were already
low (0.2). The weights we used for individual
activities in the calculation of the Stream Corridor
Index were:

Use Weight
Other 0.5
Open Water 1.0
Low intensity residential 0.0
Commercial, industrial, transportation 0.0
Bare rock, sand or clay 1.0
Deciduous forest 1.0
Evergreen forest 1.0
Mixed forest 1.0
Shrubland 1.0



Grassland or herbaceous 0.6
Pasture or hay 0.5
Cultivated crops/fallowed land 0.2
Developed, open space 0.4
Herbaceous wetlands 1.0
Woody wetlands 1.0

We then calculated this index as:

ISCI = ALCWt/AFC,
where A

Lcw = the sum of the weighted scores for
land cover in acres and A, . = total stream corridor
area, in acres.

We report 50 meters as the buffer width on each
side of the streams (100 meters total) because
many of the tributary corridors are in relatively
confined valleys, but we found little difference
between scores calculated with 50, 100, and 150
meter buffers. As can be seen from Table 8, the
Drag Creek and Antelope watersheds occupy the
same positions (best and poorest) that they did
with the Natural Cover Index. This index shows
more spread among the nine watersheds, reflecting
the concentration of human land uses in valleys
and around water sources. In all cases, however,
the scores came under downward pressure by the
amount of grassland within the stream corridor, and
the assumption it was moderately grazed. For the
most part, the scores on this metric are relatively
high, indicating there is fairly limited cropping and
development around perennial and intermittent
streams.

Table 8. Stream Corridor Integrity
Index scores

Watershed Score
Drag 0.87
Two Calf 0.82
Sacajawea 0.77
Dry Armells 0.77
Woodhawk 0.76
Armells 0.74
Dovetail 0.71
Blood 0.68
Antelope 0.60

Habitat Disturbance Indices

Riparian Loss Index (1)

Land use activities within the stream and river
corridor are one measure of the departure from
natural conditions; another is direct loss of riparian
vegetation. This is especially true along the

major streams and rivers in the region of the study
area, where cottonwoods, willows and mixed
forests should be dominant land cover features.

To approximate riparian loss, we used the 2001
National Land Cover Dataset to create a vegetation
layer that includes tree and shrub riparian types
(including woody wetlands). We buffered all
streams from the 1:100,000 National Hydrography
Dataset by 50 meters on each side, and calculated
the acres of riparian vegetation.

To be on the conservative side, and recognizing
the inaccuracies inherent in land cover data at this
resolution, we assumed under natural conditions,
the riparian corridor would include at least 50%
tree and shrub vegetation. Any departure from
that was considered to be a loss. The index was
calculated as:

lo = 1= (A)/ (0.50 *A
where A, ;and A, .. = the acreage of riparian
vegetation within the buffered corridor, and A, =
the total riparian corridor area, in acres.

Table 9 shows the scores for each watershed; high
scores indicate a greater level of disturbance, while
low scores equals less disturbance. The spread
was quite dramatic. Scores ranged from a high of
0.77 for the Sacajawea watershed to lows of 0 for
the Woodhawk, Two Calf, and Drag watersheds.

In fact, although we did not use negative scores,
both the Woodhawk and Drag watersheds had
more than 50% of their riparian corridors covered
by trees and shrubs. We surmise these low scores
are largely a function of the topography of these
watersheds; all three are in the Breaks ecoregion,
and are characterized by steep, confined stream
valleys not amenable to agricultural development.
The higher-scoring watersheds all have extensive
agriculture or grazing, and the decadent remnants
of cottonwoods suggest there has been a significant
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loss of woody riparian vegetation since pre-
settlement times.

Table 9. Riparian Loss Index scores

Watershed Score
Sacajawea 0.77
Antelope 0.75
Dry Armells 0.70
Blood 0.42
Armells 0.28
Dovetail 0.20
Woodhawk 0.00
Two Calf 0.00
Drag 0.00

Road Disturbance Index (I..)

Both improved and unimproved roads compact

or cover soil and vegetation, increasing surface
runoff (Castelle et al. 1994). Road rights of way are
often fertile ground for exotic species to colonize,
and unimproved roads contribute to wind and
water-borne erosion and sedimentation. Streams
and riparian areas in close proximity to roads are
more likely to be affected than those at a greater
distance. Because this area is exceptionally dusty
during summer months, we chose a 50-meter buffer
on each side of the road.

The Road Disturbance Index is calculated as:
lo= (Lee/Ly) + (RC/LY)) /2

where LSR = the length of perennial and
intermittent streams within 50 meters of a road,

in miles, L = the total length of perennial and
intermittent streams in miles, and RC = the number
of road crossings.

We found in general, roads and road crossings
are not a major disturbance factor to streams in
the study area (Table 10 ). This was born out by
our field surveys, where we noted many roads,
especially in the breaks, follow ridgelines instead
of valleys. Road density ranges from a high of
0.86 linear miles per square mile of area in the

Blood Creek watershed to a low of 0.18 linear
miles per square mile of area in the Dry Armells
Creek watershed. There were no intermittent or
perennial streams or rivers within 50 meters of a
road in any watershed, except where roads crossed
streams (Figure 18 ) Stream crossings were also
relatively uncommon, except in the Blood Creek
watershed.

Table 10. Road Disturbance Index
scores

Watershed Score
Blood 0.30
Drag 0.07
Armells 0.05
Antelope 0.05
Woodhawk 0.04
Sacajawea 0.03
Dovetail 0.03
Dry Armells 0.02
Two Calf 0.01

Figure 18. Road crossig, lower Dovetail Creek

Because there were no streams within the 50-meter
road buffer, this subindex is really a measure of
stream crossings per mile of stream (RC/ L.).
Blood Creek and Two Calf score highest and
lowest, respectively. As noted above, the Blood
Creek watershed has the highest road density of
any of the study area watersheds, so this is not
surprising, although the raw number of crossings
(100) is itself high. Twenty of the crossings appear
to be on BLM land.

26



Of course, this index does not take the type or
nature of crossings into account; for example, it
does not distinguish between paved roads over
bridges, improved roads with culverts, and dirt
roads crossing stream beds directly. Nor can it
pick up the condition of culverts. Culvert design
and maintenance can have substantial impacts on
aquatic health, especially in areas where roads
are minimally maintained. (Furniss et al. 1991).
However, it gives some insight into potential
management issues in the study area.

Composite Watershed Condition Index (CWCI
The Composite Watershed Condition Index is
calculated by subtracting the combined disturbance
indices from the combined habitat extent indices:

CWCI = (INC+ Isu) - (IRL + IRD)

The highest possible score would be 2.00,
assuming scores of 1.00 (best) on each of the
habitat extent indices and 0.00 (best) on each of

the disturbance indices. This score would represent
the sort of pristine conditions associated with
remote, ungrazed wilderness areas with no history
of mining, agriculture or other significant human
land use. For inhabited areas, scores will obviously
be much lower, and can be a negative number when
habitat indices are low and disturbance indices are
high. In theory, a watershed in a highly urbanized
area with multiple disturbances, alterations, and
diversions could score as low as —2.00. Inhabited
rural watersheds should score between -1.25 and
1.25, depending on the level of grazing, agriculture
and development.

The Composite Watershed Condition Index
scores for the study area watersheds are shown

in Table 11 and in Figure 19. All the watersheds
received positive scores, ranging from highs 1.65
and 1.62 for the Drag and Two Calf watersheds,
respectively, to a low of 0.47 for the Antelope
Creek watershed. In general, these scores indicate
the presence of mild to moderate impacts on
watershed health and integrity. The three highest-
scoring watersheds all have high percentages of
BLM-managed land, are relatively remote, and
have low percentages of private ownership. Private
ownership in Drag Creek is less than 19%, with
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most of it restricted to the Musselshell River
valley. BLM and the US Fish and Wildlife Service
own most of the remaining land, with state school
parcels comprising the rest. By contrast, the low-
ranking Antelope Creek watershed has only 15% of
its lands under BLM Management.

Table 11. Composite Watershed
Condition Index scores

Watershed Score
Drag 1.65
Two Calf 1.62
Woodhawk 1.54
Dovetail 1.21
Armells 1.20
Dry Armells 0.87
Sacajawea 0.77
Blood 0.69
Antelope 0.47

Composite Watershed Threat Index

The Composite Watershed Condition Index is a
measure of how much natural conditions have
changed in individual watersheds, since Euro-
American settlement. The Composite Watershed
Threat Index, on the other hand, is an attempt

to predict which watersheds are most likely to
experience continued or future change and loss

of integrity. As is true in other study areas, the

rate of change has probably slowed in the past

few decades. Road- and dam-building, irrigation
ditching and homestead establishment would

have been most intense in the first few decades of
settlement, and residential development associated
with Lewistown is mostly to the immediate west of
the study area. In the coming decades, however,
activities associated with energy development may
exert significant pressures on the area. Currently,
there are few oil and/or gas leases in the study area,
with most in the extreme southern portion of the
Blood Creek watershed, and in the northeastern
portion (the Bull Creek side) of the Woodhawk-
Bull Creek watershed. The Judith River Formation,
relatively exposed in the Woodhawk, Two Calf,
Dry Armells and Armells Creek watersheds, is a
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Figure 19. Composite Watershed Condition Index across 5th-code HUCs

productive gas layer, and substantial exploration
and development is occurring just to the west and
south of the study area. We would note, therefore,
that these four watersheds are likely to be most
threatened by activities associated with oil and gas
development.

In this section, we examine two threats to
watershed integrity that will continue regardless
of energy development, grazing and noxious
weeds. These are in the category of cumulative
impact threats, i.e. conditions that are ongoing
and that tend to have increased effects over time.
These threats are by no means an exhaustive list of
future possibilities --development and recreational
pressures might be greater threats, if oil and gas
development brings population influxes-- but they
offer some insight into the susceptibility of the
individual watersheds to future change.

Riparian Grazing Threat Index (1 .,)

Cattle grazing can cause soil compaction, nutrient
enrichment, vegetation trampling and removal,
habitat disturbance, and, depending on the season
and intensity of use, reproductive failure for both
plants and animals. In riparian areas, grazing can
cause stream bank destabilization, loss of riparian
shade, and increased sediment and nutrient loads
(George et al. 2002). To assess this threat, we used
the same 50-meter buffers, but here we measured
the percentage of buffers either under public land
ownership (assumed to be available for grazing)

or private but listed in cadastral records as having
grazing as a primary use. These buffers are narrow
to capture the most intense riparian grazing effects
(bank collapse, loss of vegetation filtering function,
etc) and to allow a cross-comparison with the
Riparian Loss Index.
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The Riparian Grazing Threat Index was then
calculated as:

IGT = ARG/ ART’

where A_, is the area of public and private grazing
land in the stream buffers and A__ is the total
buffer area, in acres.

Table 12 has a breakdown of scores for each of the
5 code watersheds. Two caveats are in order here.
First, the scores represent a potential threat that
may or may not be realized. For example, riparian
areas in the Woodhawk watershed, which has the
highest score on this metric, are not necessarily in
worse condition than any other 5" code watershed;
management practices may limit riparian grazing,
and the land itself may be unsuitable for grazing.
This index only measures potential riparian grazing
land, and because the riparian corridors in this
watershed are predominantly owned and managed
by public agencies, a (potentially) disproportionate
percentage of land is considered to be available for
grazing. Management practices and stocking rates
will determine actual condition. Second, low scores
only indicate potential grazing threats, not impacts
that may have already occurred. The Antelope
Creek watershed, for example, has a low score

on this index, but a high score on the Riparian

Loss Index. Taken together, these scores indicate
that other land use activities (roads, non-grazing
agriculture, etc) may exert a greater influence on
riparian vegetation than grazing. In short, this
index merely represents the percentage of the
riparian buffer where grazing may occur, and as
such provides a flag for management planning.

Noxious weeds threat index (1, )

Russian knapweed (Centaurea repens L.), Spotted
knapweed (Centaurea maculosa), and Leafy spurge
(Euphorbia esula) are all present throughout the
watersheds, especially in and around floodplains
and riparian areas. All three pose threats to plant
and wildlife diversity, aquatic integrity, and
agricultural production (Pokorny and Sheley 2003).
These plants spread easily during high water flows
and along roadways, and establish themselves
rapidly on bare or disturbed ground. Spotted
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Table 12. Riparian Grazing Threat
Index scores

Watershed Score
Woodhawk 0.95
Armells 0.93
Sacajawea 0.91
Dry Armells 0.91
Blood 0.90
Dovetaill 0.88
Two Calf 0.83
Antelope 0.82
Drag 0.70

knapweed is especially invasive in grasslands
dominated by native bunchgrasses.

While noxious weeds pose a threat to both uplands
and riparian areas, displacement of native plants in
riparian areas has specific impacts on aquatic health
through erosion and sedimentation. We did not
distinguish between the threat posed by noxious
weeds in riparian areas and uplands, but simply
calculated the index as:

|, = PLSS,/ PLSS,,

where PLSS,, = the number of public land survey
sections where noxious weeds have been found and
PLSS,, = the total area of susceptible land cover
classes in the watershed.

The scores for each 5" code watershed are shown
in Table 13. The Drag Creek watershed ranks
highest on this metric, with a score of 0.19, while
Antelope Creek ranks lowest with a score of 0.00
(there are no reported public land survey sections
with noxious weeds). The high score for Drag
Creek reflects the concentration of noxious weeds
in the broad Musselshell floodplain, particularly
in the moist areas where high water from Fort
Peck Reservoir overflows (See Figure 20). The
low score for the Antelope Creek watershed is
likely to be a result of landowner and county weed
control actions, plus a relative absence of flowing
water. We did not distinguish between sections



with susceptible vegetation (woody and herbaceous
wetlands, grasslands and deciduous forests) and
those with less susceptible vegetation (shrubland
and conifer forests); if we had, scores would
probably be even higher for all but the Antelope,

Table 13. Noxious Weed Threat Index scores

Watershed Score Weed sp.
Drag 0.19 LS,SK e _ s
Sacajawea 0.13 LS, RK Figure 20 . Musselshell floodplain near Fort Peck
Woodhawk 0.11 LS, RK, SK
Blood 0.05 RK Al\:r_mells,ﬂBlood, and Dry Armells watersheds
Armells 0.04 SK (Figure 21).
Two Calf 0.03 LS, RK, These scores are generally low and indicate
Dry Armells 0.01 SK noxious weeds are not widespread in the subbasin.
Dovetail 0.01 SK However, two cautionary notes are appropriate
Antelope 0.00 here. First, this index does not include all noxious
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Figure 21. Public land survey sections with noxious weeds
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