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Abstract:
Riparian vegetation plays a key role in maintaining fish populations in Rocky Mountain streams
bordering rangelands. Excessive use of of riparian areas can lead to loss of riparian overstory, stream
bank degradation, increased sedimentation, decrease of instream habitat quality, higher summer and
lower winter water temperatures and reductions in fish populations. The objective of this study is to
evaluate how riparian and stream ecosystems respond to varying duration, timing and intensity of
livestock grazing on several ranches in central Montana, and to suggest the sustainability of each
practice. Comparisons include: long-term livestock exclusion (> 20 years) and spring grazing; winter
and summer grazing; and short-term exclusion (5 years) and continuous, season-long grazing.
Results indicate differences between long-term exclusion and spring grazing with greater density of
key palatable woody species (willow and dogwood); better bank conditions; higher fish habitat quality;
and greater trout density under conditions of livestock exclusion. Functional feeding group composition
and productivity of benthos differed among conditions of livestock exclusion and spring-grazed
sections.
Comparisons of winter-grazed and summer-grazed treatments show greater density of palatable species
in the summer-grazed section and increased browse utilization in the winter-grazed section. The
summer-grazed section showed better habitat conditions for trout, primarily in the form of high quality
pool habitat with abundant woody debris. A corresponding greater density of brook trout was found in
the summer-grazed section. Benthic communities were not influenced by grazing strategy.
Comparisons of short-term exclusion with pre-fencing photographs and the continuously grazed section
indicate marked recovery of riparian communities and bank conditions in this section. The fenced
section also showed greater ability to retain organic matter. Despite recovery of habitat conditions,
salmonid populations have shown no improvement. This is likely due to upstream perturbations which
include extensive riparian degradation and a flood control impoundment. Communities of benthic
macroinvertebrates were shaped more by these upstream perturbations than by grazing treatment.
Comparison of numbers and biomass of terrestrial invertebrates in surface drift did not show
differences among fenced or continously grazed sections.
Management implications based on these results indicate that sustainable practices are those that
maintain the functional attributes of riparian communities. Riparian areas should be considered as
separate management units, distinct from upland communities. Sustainable grazing strategies should be
determined on a site-specific basis given the variability of response due to differences in riparian
community type, landform, and weather patterns.
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ABSTRACT

Riparian vegetation plays a key role in maintaining fish populations in Rocky
Mountain streams bordering rangelands. Excessive use of of riparian areas can lead to
loss of riparian overstory, stream bank degradation, increased sedimentation, decrease of
instream habitat quality, higher summer and lower winter water temperatures and
reductions in fish populations. The objective of this study is to evaluate how riparian and
stream ecosystems respond to varying duration, timing and intensity of livestock grazing
on several ranches in central Montana, and to suggest the sustainability of each practice.
Comparisons include: long-term livestock exclusion (> 20 years) and spring grazing;
winter and summer grazing; and short-term exclusion (5 years) and continuous, seasonlong grazing.
Results indicate differences between long-term exclusion and spring grazing with
greater density of key palatable woody species (willow and dogwood); better bank
conditions; higher fish habitat quality; and greater trout density under conditions of
livestock exclusion. Functional feeding group composition and productivity of benthos
differed among conditions of livestock exclusion and spring-grazed sections.
Comparisons of winter-grazed and summer-grazed treatments show greater density of
palatable species in the summer-grazed section and increased browse utilization in the
winter-grazed section. The summer-grazed section showed better habitat conditions for
trout, primarily in the form of high quality pool habitat with abundant woody debris. A
corresponding greater density of brook trout was found in the summer-grazed section.
Benthic communities were not influenced by grazing strategy. Comparisons of short
term exclusion with pre-fencing photographs and the continuously grazed section indicate
marked recovery of riparian communities and bank conditions in this section. The fenced
section also showed greater ability to retain organic matter. Despite recovery of habitat
conditions, salmonid populations have shown no improvement. This is likely due to
upstream perturbations which include extensive riparian degradation and a flood control
impoundment. Communities of benthic macroinvertebrates were shaped more by these
upstream perturbations than by grazing treatment. Comparison of numbers and biomass
of terrestrial invertebrates in surface drift did not show differences among fenced or
continously grazed sections.
Management implications based on these results indicate that sustainable practices
are those that maintain the functional attributes of riparian communities. Riparian areas
should be considered as separate management units, distinct from upland communities.
Sustainable grazing strategies should be determined on a site-specific basis given the
variability of response due to differences in riparian community type, landform, and
weather patterns.

I

INTRODUCTION

Functions of Riparian Ecosystems
Riparian ecosystems consist of the plant and animal communities that border
streams, rivers or other bodies of water and are often distinct from upland communities.
These ecosystems are often more productive in terms of plant and animal biomass than
upland areas and are a critical source of biological diversity within rangelands (Thomas et
al. 1979). Functionally, riparian areas provide the link between terrestrial and aquatic
ecosystems. Although riparian areas in the western United States constitute only a small
proportion of land area, their importance with regard to fish, wildlife, and agriculture is
enormous. Riparian areas and their associated lotic systems provide livestock with
forage, shelter and water. Riparian vegetation, due to numerous functional attributes, is
critical in supporting fish and wildlife communities and maintaining water quality.
A principal function of riparian vegetation is maintenance of bank stability (Platts
and Nelson 1989a). Fine root systems bind soil particles and greatly increase resistance
to soil erosion (Smith 1976). Trees and shrubs contribute structural support through their
massive root systems which provide long-term bank stability (Beschta 1991). The above
ground portions of shrubs, grasses and forbs also confer bank stability. During flooding
events, this vegetation forms protective mats over the banks, dissipating flow velocities
and permitting the transported sediments to settle out thereby building banks and
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providing fertile soils (Platts and Rinne 1985). During winter months, vegetation
promotes bank stability by insulating banks and reducing ice formation in the soil which
reduces heaving and erosion (Bohn 1989).
Riparian vegetation also functions to influence the hydrological properties of the
lotic system. Large woody debris (LWD) contributed from riparian stands serves to
maintain channel stability and decrease bedload movement (Heede 1985). On a drainage
level, ground cover is an important watershed characteristic because it functions to
maintain high infiltration rates. This buffers stream discharge during flooding events and
prevents soil erosion (Higgins et al. 1989).
A number of the functional attributes of riparian vegetation are associated with the
maintenance of water quality. Riparian ecosystems serve as nutrient sinks and buffer
nutrients and chemical discharge from surrounding agricultural areas (Lowrance et al.
1984). In addition, intact riparian zones function as crucial sites for nitrification
processes (Lowrance et al. 1984; Green and Kauffman 1989). By limiting soil erosion,
riparian vegetation reduces suspended solids during high flows. Riparian overstory
shades the stream in the summer and limits heat loss in the winter, thereby reducing
stream ice formation (Platts and Nelson 1989a).
Riparian vegetation plays a critical role in supporting instream biotic
communities. In most headwater streams, macroinvertebrate communities depend on the
allochthonous input of organic matter (leaves, twigs, etc.) from streamside vegetation
(Cummins and Spengler 1978). Instream woody debris and exposed roots along the
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stream bank serve to detain and concentrate this organic matter so that it can be locally
processed by aquatic insects (Cummins 1974; Smock et al. 1989).
Fish are largely dependent on the functional attributes of riparian vegetation to
provide quality habitat. As mentioned earlier, stream morphology and stability are
largely a function of streamside vegetation (Heede 1985; Platts and Nelson 1989b).
Stream morphology and stability impact the hydrologic and hydraulic processes which in
turn influence habitat for fish (Heede and Rinne 1990). Overhanging vegetation and
undercut banks can be used as a measure of habitat suitability for salmonids (Contor and
Platts 1991). Woody debris in the stream channel provides cover and rearing habitat
which is particularly important in winter (Swales et al. 1986).
Riparian vegetation also influences fish populations as a source of terrestrial
invertebrates for food. The importance of terrestrial invertebrates as a food source was
reviewed by Hunt (1975) who found that terrestrial invertebrates constituted at least 50%
of the diet of salmonids during one or more months in late summer and fall, and nearly
100% of daily forage during periods of “superabundance” of terrestrial species. The
significance of increased availability of allochthonous sources of forage during certain
periods may be considerable as these peaks of dependence on terrestrial invertebrates
often coincide with a paucity of benthic sources (Hunt 1975).
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Effects of Livestock Grazing on Riparian Rcosystems
Riparian areas of the United States have been subjected to extensive use. It has
been estimated that only 2% of land in the United States is comprised of pristine riparian
areas and that 70% of existing riparian ecosystems have been altered by human activities
(Brinson et ah 1981). According to Kauffman and Krueger (1984), cattle prefer riparian
areas because of water, thermal cover, shade and abundant succulent forage. As a result,
grazing pressure on the riparian zone often exceeds that of upland areas and these habitats
may sustain heavy impacts in the absence of effective management schemes.
One of the most obvious effects of livestock grazing on riparian areas are the
changes in vegetation composition and structure. Grazing by livestock has been found to
' result in changes in plant succession and less ground cover compared to ungrazed areas
\
(Leegeetal. 1981). Excessive grazing by cattle has been found to decrease invasion .
sites for woody species (Kauffman 1988) and eliminate woody vegetation (Duff 1979).
, Excessive vegetation removal and trampling by livestock disrupts the functions of
riparian ecosystems as described above. One of the primary effects of this disruption is a
reduction of bank stability and increased soil erosion. The degree of streambank
degradation due to livestock grazing is related to several factors. Different stream types
vary in bank degradation, in response to grazing by livestock and the relative importance
of vegetation in maintaining bank stability (Myers and Swanson 1992). Stream banks
!

with non-cohesive gravel or sand dominated soils are most sensitive to livestock grazing.
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These soil types are common in foothills and valleys which are frequently subjected to
livestock grazing pressure.
Other factors involved in stream bank response to grazing by livestock are related
to timing of grazing. In a study in southwest Montana of effects of grazing on stream
bank stability, Marlow et al. (1987) reported that a combination of high flows, moist
streambanks and cattle use led to major streambank alteration. Since the conditions of
high flows and high soil moisture predominate in the spring, it was proposed that a
generally applicable livestock grazing strategy would be to defer grazing until mid to late
summer.
Another seasonally related factor of streambank response to grazing is related to
soil temperature during winter. According to Platts (1989), winter grazing was
considered to be effective in situations where the banks remain frozen. This author
considered frozen stream banks to be more resistant to stress. This hypothesis,, however,
contradicts the suggestions make by Bohn (1989) who held that the formation of ice
results in soils less able to withstand the stresses of trampling and high flows.
The degradation of riparian vegetation may change the hydrological properties of
a watershed. Intensive grazing by livestock removes the protective vegetative mat
resulting in a reduction of infiltration and an increase in storm runoff and erosion (Rauzi
and Hanson 1966; Gifford and Hawkins 1978). In a study of watersheds subjected to
differing grazing strategies, Higgins et al. (1989) reported that the watershed exposed to

6
the highest intensity grazing had higher than average water yield, reduced infiltration, and
more variable flows than less intensively grazed watersheds.
Other grazing-induced changes in the hydraulic properties of a stream are related
to channel morphology. These changes are related to disruption of functional traits of
woody vegetation as well as grasses and forbs. Bank degradation associated with loss of
stream bank vegetation can result, over time, in the channel becoming wider and
shallower (Platts 1979). Heede (1972; 1985) has shown that elimination of large woody
debris can lead to excessive erosion, increased bedload movement, channelization and
channel downcutting. Overgrazing can lead to erosion of banks creating obtuse angles
and increased sedimentation (Platts 1979). Duff (1979) reported that introduction of
cattle to stream banks that had been rested for 4 years resulted in eradication of bank
overhang and increased erosion. With cessation of heavy grazing, the stream channel
narrows and deepens, pool development is accentuated and stream banks stabilize as
vegetation is established (Duff 1979; Hubert et al. 1985).
The removal of vegetation by cattle and the resultant erosion can have adverse
effects on water quality. Excessive grazing by cattle has been shown to increase
sediments within a watershed (Byron and Goldman 1989; Milne 1976). The addition of
excessive levels of fine sediments results in conditions that are unfavorable to instream
biota. For example, sedimentation has been shown to be a controlling factor for some
species of fish and benthic macroinvertebrates (Chapman and MacLeod 1987; Rinne
1988b).
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Intense livestock grazing may degrade the structural attributes of the plant
community by decreasing woody vegetation which in turn may influence water quality.
Claire and Storch (1977) observed that willow cover in an ungrazed exclosure on Camp
Creek, Oregon provided 75% more shade to the stream than was provided in an adjacent
grazed area with less willow cover. Platts and Nelson (1989a) found that ungrazed sites
had more overstory canopy than did grazed areas and that canopy density and
unobstructed sun arc were related to thermal inputs to the stream. Thermal inputs were
inversely related to salmonid biomass. Benthic macroinvertebrates may be controlled by
warmer water temperatures. According to Ward and Stanford (1982), insects with an
aquatic life stage evolved in cooler, headwater streams. Therefore, warmer temperatures
may be a constraint to those species that have not adapted to higher temperatures.
Excessive grazing by livestock may result in nutrient enrichment and increased
coliform bacteria within the stream. Removal of riparian vegetation disrupts the riparian
function of filtering nutrients and soil nitrification processes (Lowrance et al. 1984;
Green and Kauffman 1989). In addition, manure is identified as a source of nitrogen and
phosphorus (Gilbertson et al. 1979). Duff (1979) reported an increase in total and fecal
coliforms in waters where intense cattle grazing occurs, as compared to protected or
lightly grazed areas.
The consequences of excessive grazing on fish populations has received a great
deal of attention in recent years. Fish populations may decline under conditions of
intense grazing because of modifications of the functional attributes of riparian
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vegetation. According to Behnke and Zarn (1976), overgrazing has resulted in reductions
of overhanging vegetation and loss of bank overhang which may be one of the leading
factors contributing to the displacement of native trout in western states. Reduction of
vegetative canopy can also result in increased water temperatures. Lynch et al. (1984)
found that after vegetation removal, stream temperatures often exceeded temperatures
that were tolerable to trout. Platts and Nelson (1989a) reported that thermal inputs were
the best predictor of salmonid biomass in Rocky mountain headwater streams. Removal
of canopy cover may also limit overwintering habitat for salmonids. Winegar (1977)
compared grazed with ungrazed reaches and found heavy anchor ice in a grazed reach of
an Oregon stream but limited anchor ice in an adjacent ungrazed site.
Numerous studies have examined the effects of grazing in riparian pastures on
fish populations and habitat. Common approaches for these inquiries have been to
compare stream reaches of differing grazing treatments or to observe changes after
exclusion of cattle. Comparison of sections of stream subjected to varying intensity of
livestock grazing generally show greater biomass of trout in ungrazed or lightly grazed
pastures as compared to intensively grazed pastures (Hubert et al. 1985). Fisheries
responses to improved habitat conditions after the exclusion of livestock, however, is
quite variable. Several authors have reported increases in salmonid abundance and/or
biomas in response to cessation of grazing (Duff 1979; Keller et al. 1979, Van Velson
1979). However, not all systems have responded with improvements in fish productivity
after recovery of habitat (Hubert et al. 1985; Rinne 1988a). Because of the variation in
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response of fish populations to exclusion of cattle, it would be instructive to consider land
uses and riparian Conditions on the entire stream to identify what conditions result in a
positive fishery response to management practices.
The effects of grazing on macroinvertebrate communities have not been
extensively examined. Available information indicates that grazing can result in
community changes in benthic macroinvertebrates in stream reaches.subjected to
intensive livestock grazing (Rinne 1988b). In degraded reaches, benthic fauna showed
higher densities of species tolerant of sedimentation, high alkalinity and sulfates
compared to non-impacted reaches. Grazing by cattle along streams may also diminish
the availability of terrestrial sources of invertebrates. Comparison of the proportion of
the annual diet comprised of terrestrial invertebrates among trout in an intensively grazed
stream with an Ungrazed stream showed higher consumption o f terrestrial invertebrates in
the ungrazed stream (Ensign 1957, cited in Hunt .1975).
Although there is limited information regarding the impacts of grazing on
>

macroinvertebrates, assessing benthic communities has been suggested as a means of
evaluating riparian conditions in streams (Platts et al. 1987). This approach involves
using functional feeding guilds of benthic macroinvertebrates to assess the relative
importance of allochthonous versus autochthonous organic inputs. This approach
considers the ratio of shredder biomass and abundance to that of scrapers. Shredders
should predominate in conditions of allochthony and, conversely, scrapers should be
prominent in autochthonous systems. Evidence from other land use practices suggests
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that this type of evaluation may be sensitive to disruption of retention of organic matter.
Land use practices that reduce streamside woody vegetation (i.e. logging or agriculture)
and limit woody debris in a stream, may allow organic matter to be swept downstream
and not processed locally. Smock et al. (1989) found that with increased debris dams,
there was an increase in abundance of shredders as compared to areas without dams. The
role of woody material in retaining organic material in streams subjected to different
grazing schemes, however, has not been investigated.

Grazing Strategies and Sustainable Agriculture
As with most industries, agricultural production systems are coming under
increased scrutiny as sources of environmental degradation and there is a growing
recognition that the means of producing food, fiber and other human needs must be
sustainable to ensure our long-term survival and well-being (Francis et al. 1990).
Sustainable agriculture is a philosophy that has emerged to address a wide range of
agricultural issues including both environmental quality and economic viability of
farming systems. Specific concerns of sustainable agriculture include maintaining quality
of surface and ground water, maintaining wildlife habitat and biodiversity, promoting
forage availability and vigor, reduction of soil erosion, and preservation of rural ways of
life (Francis et al. 1990; Edwards et al. 1990). Although, grazing management has
received tremendous attention within the sustainable agriculture movement, the focus has
been on upland areas (Francis et al. 1990; Edwards et al. 1990). Clearly, the benefits of
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proper riparian management (i.e. decreased erosion, increased forage, environmental
protection, water quality maintenance) are compatible with the objectives of sustainable
agriculture.
A number of grazing management strategies have been developed for upland areas
to increase ground cover and plant vigor, encourage growth of favorable plant species and
protect soil from erosion. These methods and their compatibility with fisheries were
described by Platts (1989) with several of them having implications for sustainable
agriculture. One practice relevant to my study is continuous, season-long grazing which
involves grazing a pasture throughout the entire growing season. This method was
deemed poorly compatible with fishery needs because even under light stocking rates,
these areas can be severely impacted.
Another grazing strategy described by Platts, winter grazing, was considered to be
moderately compatible with fisheries needs. This method was considered to be
successful under conditions of dormant vegetation, frozen streambanks, light snow, and
maintenance of ground cover, but no data were presented. Winter use of riparian pastures
for calving is a common practice in Montana because cows and calves benefit from the
thermal cover provided by riparian shrubs. However, little information exists on the
effects of winter grazing on riparian areas. Because of the prevalence of this practice on
private lands in Montana, investigation into potential impacts of winter grazing on
riparian areas would be useful. A sustainable approach would be to allow use of riparian
areas by cows and calves while preserving the function of the riparian ecosystem.
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Riparian corridor fencing is considered to be highly compatible with fisheries
needs (Platts 1989), although improvement in fish populations under this strategy has not
been documented adequately (Platts 1991). According to Platts and Wagstaff (1984),
fencing the riparian zone confers the maximum protection and the best opportunities for
recovery in the shortest amount of time. However, this method may not be a sustainable
alternative to many ranchers due to the significant expense involved. The economic costs
include cost of fencing (up to $6,000 per mile in 1984), maintenance of the fence, and
loss of forage (Platts and Wagstaff 1984). Development of an upland water source is
another potential cost. There are numerous benefits, however, that can offset some of the
expenditures such as fisheries values, recreational opportunities, wildlife habitat and
water quality improvements. However, these potential benefits are not easily quantifiable
in an economic sense.
There are a number of limitations to current knowledge on the impacts of grazing
on riparian ecosystems. One consideration is the regional differences within the western
United States and how applicable findings from the southwestern US and the Pacific
northwest, where most research has been conducted, are to central Montana. Few studies
"have investigated the impacts of grazing on riparian ecosystems in southwestern Montana
(Marlow et al, 1987; Marlow et al. 1989). Another limitation is that research
investigating livestock grazing on riparian areas has been performed almost exclusively
on public lands which may be managed quite differently than private ranches. There is a
need to focus on the adaptability of existing information regarding grazing impacts to
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private ranch systems. For example, winter grazing on federal allotments is rare in
Montana. In addition, while the effects of “intense” grazing have been documented,
investigation of the response of riparian ecosystems and instream communities to a range
of grazing strategies involving variation in timing, intensity and duration of livestock use
has received little attention. Platts and Nelson (1985) investigated the impacts of restrotation on stream banks, stating this grazing strategy was the primary method used on
many ranges. However, rest-rotation is only one of many strategies utilized by the
ranching industry (Platts 1989).
My study is part of the western region SARE (Sustainable Agriculture Research
and Education) Grants Program. The SARE project is a U.S. Department of Agriculture
research and education effort which is involved in supporting the development and
dissemination to farmers of practical and reliable information on sustainable practices
(O’Connell 1988). The two overall objectives of this study are to: I) assess how the
structure and functions of riparian ecosystems respond to differing management
strategies, and 2) suggest how these management strategies fit into the goals of
sustainable agriculture. More specific objectives include measuring and comparing the
responses of: riparian vegetation in terms of composition, structure, and abundance;
stream bank morphology and stability; stream channel characteristics; fish habitat quality;
fish abundance; retention of organic matter; potential contribution of terrestrial
invertebrates; and, benthic macroinvertebrate communities and abundance. These
comparisons were made between pastures under different management practices: long
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term livestock exclusion (> 20 years); spring grazing; winter grazing; short-term livestock
exclusion (5 years); and, continuous, season long grazing.

15
5 km

Figure I. Map of eastern portion of the Snowy Mountains showing three study streams.
1= Careless Creek study site; 2 = Cottonwood Creek study site; 3 = East Fork Big Spring
Creek study site; 4 = East Fork Big Spring Creek reservoir.
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STUDY AREA

The study was conducted on three streams draining the Big Snowy Mountains in
central Montana (Figure I). Grazing management strategies on the three study ranches
varied in intensity, duration and timing of livestock use.

Site I: Careless Creek, long-term exclusion vs. seasonal grazing.
Careless Creek is located 20 km east of Judith Gap, Montana in Wheatland
County. It is a second order stream draining the south side of the Snowy Mountains in
the Musselshell River drainage. The riparian area is characterized as an Alnus incana
(mountain alder) community type (Hansen et al. 1995). Much of the study area lies in the
ecotone between forested foothills (Pinus ponderosa) and open rangeland. Land uses in
the area include livestock grazing and hay cultivation. White-tailed deer (Odocoileus
virginianus), mule deer {Odocoileus hemionus), elk {Cervus elaphus) and pronghorn
{Antilocapra americana) are abundant in the area.
The two study sections on Careless Creek included an upstream spring-grazed
section (grazed) and a downstream section that is fenced to exclude livestock grazing
(fenced). The sections are separated by an area of beaver ponds (Figure 2). The grazed
section consists of 462 m of stream on the western edge of a 3.5 ha pasture. A fence
separates the pasture from a hay field to the west of the stream. Irrigation water is not
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drawn from or discharged into the stream in this area. The grazed section is grazed for a
month each spring from mid-May to mid-June at a stocking rate of 3 acres/AUM (animal
unit per month; D. Phillips, Fergus County extension agent, personal communication).
The ungrazed section consists of 106 m of stream length. The fence is located between
30 and 100 m from the stream on the east side of the stream and between 10 and 30 m
from the stream on the west side. The same grazing management strategies have been in
effect for at least 20 years (J. Swanz, landowner, Judith Gap, Montana, personal
communication).

Site 2: Cottonwood Creek, summer vs. winter grazing.
Cottonwood Creek is a third order stream located 10 km southwest of
Lewistown, in Fergus County, Montana. An important aspect of this stream is the
■frequency and intensity of floods. Evidence of floods is in the form of numerous rubble
bars suggestive of extensive and frequent bedload movement of relatively large substrate
particles. Additional evidence of flooding is the presence of mats of organic matter
deposited on shrubs on the streambank several meters away from the stream’s edge.
Because of the successional changes which result from frequent disturbance, numerous
community types occur on this stream including mountain alder community type, sandbar
willow (Salix exigua) community type, Populus trichocarpa/xQcent alluvial bar
community type and Populus trichocarpa!Cprnus stolonifera community type (Hansen et
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al. 1995). Upland land uses include livestock grazing and hay cultivation. White-tailed
deer are abundant in the study area.
Grazing management strategies on this stream included an upstream summergrazed pasture consisting of 820 meters of stream length and a 1025 m downstream
winter-grazed section (Figure 3). The summer-grazed pasture is used for yearling cattle
from July through August at a stocking rate of 3 acres/AUM (D. Phillips, personal
communication). The winter-grazed section is used during calving from January through
March at a stocking rate of 3 acres/AUM. Hay is provided in the uplands. Both pastures
are about 2.5 ha in size. The landowner reports that these grazing management strategies
have been utilized for between 20 to 40 years.

Site 3: East Fork Big Spring Creek, short-term exclosure vs. seasonal grazing.
East Fork Big Spring Creek is a third order stream located 6 km southeast of
Lewistown in Fergus County, Montana. In the 1970’s a flood control reservoir was built
4.5 river km above the study site. Surface water release is via a standpipe, but flows are
augmented below the impoundment by groundwater and dam seepage. Livestock
grazing and hay/alfalfa cultivation are primary land uses in the area. Irrigation water is
withdrawn near the upper end of the fenced section. White-tailed deer are abundant.
Riparian degradation in the form of vegetation removal and resulting erosive, incised
banks occur along much of East Fork Big Spring Creek between the dam and the study
site.
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In 1988, the landowner, with assistance from the Natural Resources Conservation
Service (NRCS, formerly Soil Conservation Service) fenced the riparian corridor to
exclude livestock along the stream for about I km. Additional improvements included
the development of an upland water source and addition of tree revetments to several
highly eroded banks. A series of before and after photographs were taken by the NRCS
at a series of permanent photo-points to document the changes in the fenced section. This,
section had been used as a winter pasture for several decades and there was evidence of
severe bank degradation. Photographs taken at the time of fencing showed highly eroded
and extensive downcutting (up to 3 meters in some places).
The two study sections included a fenced section (1100 m) and a downstream
grazed section (205 m) that served as a control to assess the recovery following fencing
(Figure 4). The grazed section is generally grazed throughout the summer by several
horses and steers at a stocking rate of 5 acres/AUM. The pasture is approximately 0.5 ha
in size. The riparian communities differed between the sections. The ungrazed section is
a sandbar willow community type, while the grazed section is a Kentucky bluegrass (Poa
pratensis) community type.

Grazed (462 m)

Fenced (106 m) X

Figure 2. Schematic representation of Careless Creek study site showing upper grazed treatment, area of beaver
ponds and lower, fenced treatment. Fencing is represented by X's.

Figure 3. Schematic representation of Cottonwood Creek study sites showing upper summer-grazed and lower winter-grazed

X X X X X X X XX x x x x x x x x x x x x

X X X X X X X XX x x x x x x x x x x x x
Fenced (1103 m)

Grazed (205 m)

Figure 4. Schematic representation of East Fork Big Spring Creek study site showing the upper fenced and lower grazed
treatments. Fencing is designated by X’s.
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METHODS

Riparian Vegetation
Riparian vegetation in each treatment was measured along 10 transects established
in each study section. The first transect was placed at a random point within the first 10%
of the total stream length. Subsequent transects were placed at regular intervals
measuring 10% of the study section length. Riparian vegetation was sampled on
alternating sides of the stream with the initial side sampled chosen randomly.
Seven riparian vegetation variables were measured (Table I). Density of woody
riparian vegetation (trees and shrubs) was sampled by a modified version of the order
method (Morisita 1954). A random point was established on the transect line within 5 m
of the stream. Distances from that point to seven individual trees and shrubs were
measured. Shrub density was computed by determining the number of shrubs within a
half-circle of the point. The radius of the half-circle was equal to the distance from the
point to the farthest individual. If less than seven individuals were encountered, a 30-m
radius was used. Most taxa were identified to genus. Sampling occurred in July and
August 1993, when woody vegetation was in full foliage. Shrub density per transect was
compared among sections using Mann-Whitney U-test (Zar 1984).
Several morphological attributes were also measured for woody vegetation.
Canopy cover, the area of ground over which aerial portions of a shrub project, ,was
measured on each shrub as described by Lyons (1968). Using an aerial view of the shrub,
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a measurement was made through its long dimension (major axis) and another at right
angles (minor axis). These dimensions were multiplied to give canopy cover per shrub.
This was used to compute total canopy cover, the proportion of the transect over which
aerial portions of all shrubs of a species project. Canopy cover per shrub was summed
for all congeners per transect, then divided by area (from density estimates) yielding total
canopy cover per transect. Total canopy cover per transect was compared among
treatments using the U-test. Sufficient data for this comparison existed only for willow
on Cottonwood Creek and East Fork Big Spring.
Crown volumes were estimated using methods described by Lyons (1968) based
on the equation for the volume of a cylinder. Tree and shrub height were measured from
the plane of the rooted point with a meter stick or a hand-held clinometer, depending on
height. Crown volumes were determined using the major and minor axis measurements
described above (a and b, respectively) and the height of the shrub. Volume (V) was
calculated by the equation:
V = (7r/4)abh
Frequency histograms were then-devised for crown volume classes of shrubs based on
volume calculations.
Browse utilization of shrubs was determined by estimating percentage of stems
that had experienced browse and classifying utilization according to I of 4 categories
(Table 2). Browse rating classes were analyzed by calculating the average rating per
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transect and comparing among treatments using the U-test. Sufficient data for this
analysis existed only for willow on Cottonwood Creek.

Table I . Description of riparian vegetation variables measured at each study site.
Variable
Description
Technique
Woody Vegetation
Density

Number of trees or
shrubs per unit area

Canopy Cover per Shrub

Area of ground (m2) over Measurement of major
which aerial parts of a
and minor axes of crown
shrub are projected.
which are multiplied to
give area.

Total Shrub Canopy Cover
(%)

Proportion of transect
over which aerial parts
of all shrubs of a species
are projected.

Adding canopy cover per
shrub for all conspecifics
per transect then dividing
by area obtained in
density estimates.

Crown Volume

Volume (m3) of above
ground portions of a
shrub

Calculated by equation
for volume of a cylinder
using dimensions of
major and minor axes and
height of shrub.

Browse Utilization

Estimate of browse use
of shrubs

Classified based on
percent of stems that were
browsed.

Overstory Canopy Density

Overhead portions of
trees and shrubs
providing shade.

Convex spherical
densiometer (Lemmon
1956)

Percent of belt transect
with herbaceous ground
cover.

Step-point Method (Evans
and Love 1957)

Modified order method
(Morisita 1954)

Herbaceous Vegetation
Percent Cover
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Table 2. Description of browse utilization ratings.
Rating
Percent Browsed Description
Stems
I
75-100
>75% of stems are browsed. Browse is evidenced
by obvious removal of stems or branching of
lateral stems due to disruption of apical
dominance.
2

50-74

50-74% of stems are browsed.

3-

25-49

25-49% of stems are browsed.

4

0-24

< 25% of stems are browsed.

Shading of the stream and riparian area was estimated with a convex spherical
densiometer (Lemmon 1956) which yields an estimate of overstory canopy density (i.e.,
amount of overhead foliage that provides shade). Overstory canopy density
measurements were performed in August when trees and shrubs were in full foliage.
Species contributing to overstory canopy were typically large shrubs (alder and willow)
or cottonwood trees. Overstory canopy shading the stream was sampled at three to four
points across the stream where the transect line intersected, the stream. At stream widths
less than 7 m, canopy density was sampled at the wetted edge of both sides of the stream
and at the stream midpoint; at stream widths greater than 7 m, canopy density was
sampled at the wetted edge on both sides of the stream and at two equidistant points
across the stream. Overstory canopy in the adjacent riparian area was measured along the
transect at three equidistant points when riparian zone widths were less than 15 m, and
four equidistant points when the riparian width exceeded 15 m. The first reading was
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made at the channel edge. For each point sampled, readings were made at north, east,
south, and west compass points and averaged. Canopy shading was compared among
treatments with a U-test.
I measured percent herbaceous cover by the step-point method (Evans and Love
1957) on a 2-m wide belt along each transect. One hundred points were sampled per each
transect. Points were sampled at 20-cm intervals along five lines spaced equidistantly
within the belt. Points were staggered by 20 cm between lines and were designated using
a thin metal rod placed at a 30° angle from a notch in the toe of my boot. Presence of
grass, forb, or bare ground was noted for each point sampled. Herbaceous vegetation was
sampled on East Fork Big Spring Creek in June. Sampling on Careless Creek and
Cottonwood Creek occurred after the removal of livestock in late August and early
September. Data were examined using chi square analysis (Zar 1984), comparing
frequency of occurrence of vegetation with that of bare ground.

Bank Condition
Bank angle, height, overhang, and stability were measured or estimated to provide
an index of bank condition following the methods described by Platts et al. (1987). All
bank condition measurements were made on right and left banks at each of the 10
transects. Bank angle in relation to the stream surface was measured using a clinometer. >,
Bank height was measured from the wetted edge to the top of the bank. Bank overhang
and vegetative overhang were measured with a meter stick. Bank stability was estimated
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on a 2-m belt along the transect line and rated between I and 4, based on the stability
conferred by vegetative or geological features (Table 3).

Table 3. Definition of streambank stability ratings used in stream habitat survey (adapted
from Platts et al 1983).
Rating
Percent
Description
4

75-100

>75% of the streambank surface is covered by
vigorous vegetation or boulders and rubble or by
boulders and rubble. If not covered by vegetation
the streambank is protected by materials that do
not allow bank erosion.

3

50-74

50-74% of the streambank surface are covered by
vegetation or by gravel or larger material. Those
areas not covered by vegetation are protected by
materials that allow only minor erosion.

2

25-49

25-49% of the streambank surfaces are covered
by vegetation or gravel or larger material. Those
areas not covered by vegetation are covered by
materials that give limited protection.

I.

0-24

<25% of the streambank surfaces are covered by
vegetation or gravel or larger material. That area
not covered by vegetation provides little or no
control over erosion and the banks are usually
eroded each year by high water flows.

Stream Habitat Composition
I surveyed stream habitat with a modified version of the stream habitat inventory
method described by Kramer and Swanson (1990). This inventory was performed on
each stream in late May 1993 . Habitat units (pool, riffle, glide) were classified according
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to Bisson et al. (1982) and modified to describe channel types encountered in the three
study streams (Table 4). For each unit, I measured length, wetted width, and bankfull
width; for pools, maximum depth was also recorded. Wetted widths were compared
among treatments using the U-test. Length was measured along the thalweg with a hip
chain. I measured wetted width and bankfull width with a meter tape at a point
representative of the unit. Maximum pool depth was measured with a meter stick.
On every 5th unit, additional variables were measured. Substrate composition
was measured on riffles and pool tail outs via Wolman pebble count (Wolman 1954) using the substrate size classification described in Table 5. These data were compared
among treatments using chi square analysis. Percent surface fines were measured at the
same locations using ten tosses of a percent fines grid which were averaged per unit.
Averages per unit were compared among treatments using chi square analysis. At pools,
the amount of cover provided by depth, turbulence, overhanging vegetation or instream
structures (i.e. woody debris and boulders) was estimated visually and expressed as a
percent of the pool. This information was used to determine pool quality ratings (Table
6) which were averaged for each treatment.
Sinuosity (stream curvature) was measured by dividing the stream length
measured during the stream habitat inventory by the valley length obtained from
topographical maps. Sinuosity was rated by criteria described by Rosgen (1994): less
than 1.2 is low sinuosity, 1.2 to 1.4 is medium sinuosity, and greater than 1.4 is high
sinuosity.
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Table 4. Classification of habitat unit types used in the stream habitat survey ,(modified
from Bisson et al. 1982).
Fast water channel unit types:
Low gradient riffle - stream units with moderate current velocity (20-50 cm/sec) and
moderate turbulence. Substrate was usually composed of gravel, pebble, and cobble-size
particles (2-256 mm).
Step run - a sequence of runs separated by short riffle steps, generally found in high
gradient, confined reaches dominated by cobble and boulder.
Slow-water channel types:
Glide - Stream unit possessing both attributes of riffles and pools, characterized by
moderately shallow water with an even flow that lacks pronounced turbulence. Glides
were most frequently located at the transition between a pool and the head of a riffle.
Corner pool - unit formed by flow impinging against one streambank because of sharp
bend in the channel, causing scouring of bank. Stream banks usually consist of alluvium
and lack hard obstructions.
Mid-channel pool - formed by a mid-channel scour. The scour hole encompasses more
than 60% of the wetted channel width. Stream velocities are low and substrate width
variable. Dam pools, plunge pools and channel confluence pools were included in this
category because of their low occurrence.
Lateral scour - pool formed by flow directed to one part of the stream by a partial channel
obstruction. These obstructions were most often in the form of woody debris such as log
or rootwad with additional instream cover provided by instream portion of shrubs.
Miscellaneous pools - this category includes backwater pools and secondary channel
pools. Backwater pools were found along channel margins and were caused by eddies
behind large obstructions such as rootwads or boulders. Secondary channel pools were
those that remained within the bankfull margins but received only a small amount of flow
from the main channel.
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Table 5. Definition of substrate size classification used in stream habitat survey
(modified from the Wentworth classification in Welch 1948).
Classification
Particle Diameter (cm)
Sand/silt
<0.2
Pea-gravel
0.2 - 0.6
Gravel
0.6-7.5
Rubble
7.5-15.0
Cobble
15.0-30.0
Boulder
>30.0
Bedrock

Table 6. Definition of pool quality ratings used in stream habitat survey (adapted from
Platts 1979).
SIZE ,_________________________________________________________Rating
Pool longer or wider than mean width of stream
3
Pool as wide or long as mean width of stream
2
Pool shorter or narrower than mean width of stream
I
COVER
Abundant
Partial
Exposed

>30% of pool bottom obscured by depth. surface
turbulence, or structures (LWD3CWD, boulders, vegetation
10-30% of pool bottom obscured by depth, surface
turbulence or structures.
<10% of pool bottom obscured by depth, surface
turbulence, or structures.

DEPTH
Deepest part of pool
Deepest part of pool
Deepest part of pool

>0.9 m
0.6-0.9m
<0.6 m

2
I

3
2
I

Numerical scores are summed and a rating value assigned:
Total Score
8 or 9
7
6
5
3 or 4

3

Pool Quality Rating
5 (Wgh)
4
3
2
I (low)
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Retention of Organic Matter
The relative capacity of the fenced and imfenced treatments on East Fork Big
Spring, Creek to retain organic matter was estimated by a modified version of the
procedure described by Speaker et al. (1988). Surveyor ribbon was cut into 2 x 7 cm
strips to simulate the leaf size of several common woody riparian species in the area (e.g.,
willow and dogwood). “Leaf retention” was measured in three 30 m reaches, chosen
randomly in each section. A block net was erected across the lower end of the reach, and
700 strips of surveying flagging were released across the channel at the upper end. The
relative capacity of the section to retain organic matter was measured by the number of
strips retained within that reach over a 2-hr period. Retained strips were retrieved and
counted and the stream feature on which they had been retained and the distance they had
traveled noted. Stream features were characterized as organic substrates of wood (>10
cm diameter), sticks (< 10 cm diameter), stems (herbaceous terrestrial vegetation), roots,
and macrophytes (aquatic vegetation); and inorganic substrates of sand, cobble, or
boulder. Trials were run on 3 separate days. In order to control for possible differences
in stream discharge, trials were run simultaneously in both sections. Because normality
and homoscedasticity assumptions were not violated, the number of strips retained per
trial was compared using a t-test.
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Benthic Macroinvertebrates
Benthic macroinvertebrates were sampled in each treatment on all study streams
in early June and in late August, 1993. For each sample period, three randomly chosen
riffles were selected and macroinvertebrates sampled with a Surber sampler at three
random locations per riffle, yielding a total of 9 sites sampled per treatment. Rocks larger
than gravel size were first rubbed and washed to remove attached invertebrates. The
remaining substrate within the Surber sampler was then agitated by hand for 30 seconds.
After some field processing to remove debris, the samples were preserved in a 95%
ethanol solution. In the laboratory, the samples were sieved through three different mesh
sizes, and placed in a supersaturated sodium chloride solution to facilitate flotation and
sorting of organisms. Specimens were identified at least to the family level (some were
identified to genus or species) and classified by functional feeding group (Merritt and
Cummins 1984) except for Chironomids which are difficult to assign to functional
feeding groups (Hawkins and Sedell 1991). Chironomids were included in overall
biomass and density estimates. Individuals of the designated taxonomic and functional
feeding group were counted and weighed.
Biomass (g/m2), density (no./m2), and functional feeding group composition were
compared between treatment sections within each stream. Sampling was designed so that
data could be analyzed using nested ANOVA; however, since the assumptions of
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normality and homoscedasticity were violated, the samples were treated as independent
and comparisons among treatments made with the U-test.

. Terrestrial Invertebrates
y
Terrestrial invertebrates blown or falling into the stream from adjacent riparian
vegetation were sampled by a modified version of the procedure described by Needham
(1928). This investigation was performed in the fenced and grazed treatments on East
Fork Big Spring Creek on 3 consecutive days in September. Surface drift of terrestrial
invertebrates was sampled by three drift nets each having a 50 x 30 cm opening and a i m
long net of 0.5 mm mesh. A fine-mesh net (0.5 mm) was stretched across the stream 30
m upstream of the drift nets so as to measure terrestrial input for a 30 m reach. Three
randomly selected lengths of stream were sampled per section. Sampling was planned for
early fall to correspond with a seasonal abundance of terrestrial invertebrates (Mundie
1969) and relative paucity of benthic invertebrates (Heaton 1966; Vincent 1967).
Sampling occurred during three periods: 0800 to 1100 hours; 1200 to 1500 hours; and
1600 to 1900 hours. The height of the water column and the velocity of the water (via
current meter) flowing through each drift net was measured in order to calculate the
volume of water sampled by each net. Samples were preserved in 95% ethanol and
processed similarly to benthic samples, except only terrestrial invertebrates and adults of
taxa with a juvenile aquatic stage were sorted. The total number arid wet weight of
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terrestrial invertebrates were determined for each sample and compared among treatments
by the U-test.

Fish Populations
Fish abundance was sampled in each treatment by electrofishing on all three study
streams. Block nets were set at both ends of three replicates of each habitat unit type per
treatment that had been marked during the stream habitat survey. On Careless Creek, fish
were sampled with a Coffelt-10 backpack shocker with CPS pulse. On Cottonwood
Creek and East Fork Big Spring Creek, the large size of some of the pools precluded use
of the backpack shocker, so a bank shocking unit with direct current was used. Fish
abundance was determined using the two-pass depletion method (Zippin 1958). Each
pass progressed upstream from the downstream end of the habitat unit. Fish were
identified by species, weighed to the nearest gram, and measured for total length to the
nearest millimeter. Fish population estimates were calculated using the program
'MICROFISH (Van Deventer and Platts 1986). Fish densities were computed by dividing
the population estimate for a habitat unit by the surface area of that unit. The total
number of fish for each reach was then determined by extrapolating the mean density for
each habitat type to the total percentage of surface area of the habitat type present in the
reach. Densities were compared among treatments using a t-test.
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To compare potential changes in fish abundance and species composition on East
Fork Big Spring Creek since fencing of the riparian zone, 1993 estimates were compared
with fish population data collected by Montana Department of Fish, Wildlife, and Parks
in 1990. Fish were sampled in the grazed section by using two-paSs depletion of a 159 m
long by 7 m wide section of stream. I used these data and MICROFISH to estimate fish
populations. Density estimates were calculated by dividing the population estimate by
the area sampled. Salmonid and catastomid densities were compared with my 1993
estimates from grazed and fenced sections with the t-test.

Water Quality
Water samples were obtained where the stream entered and left each ranch.
Samples were taken monthly from May to August of 1993 on all streams and transported
on ice to the MSU water laboratory within 24 h for analysis. Water samples were tested
for total dissolved solids (TDS), total suspended solids (TSS), nitrate-nitrogen (NO3-N),
and total phosphorus (TP). Field measurements of dissolved oxygen and pH were made
with portable electronic meters. Discharge measurements were taken with each water
sample, except when high flows on Cottonwood Creek made wading dangerous.
Thermographs were installed on all three streams close to water sampling points.
An additional thermograph was placed below the outlet of the flood-control reservoir on
East Fork Big Spring Creek, 6 km upstream from the study sections. Thermographs were
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in place from late May to early September. Weekly spot temperatures were taken at the
upper end of the fenced section, generally in late afternoon.
Water quality variables were compared with two different standards for water
quality. First, comparisons were made with EPA “Quality Criteria for Water” (US EPA
1986) wherever appropriate. EPA quality criteria for NO3-N is based on human health
risks and allows for concentrations that would result in accelerated eutrophication.
Therefore, this comparison is not an appropriate one to assess constraints for instream
biota. For total phosphorus, there is no numeric standard, however, it is recommended
that to avoid excessive algal blooms in streams not flowing directly into an
impoundment, concentrations should not exceed 0.2 mg/L.
The second set of standards were ranges of conditions sampled in Montana Valley
and Foothill Prairies reference streams (Bahls et ah 1992). Reference streams are
designated as relatively non-degraded streams flowing through valley and foothills
prairies land types. Comparisons were possible for TSS, total phosphorus, and pH.
Nitrate-nitrogen was not specifically measured on Montana Valley and Foothill Prairies
reference streams; measurements were made of total inorganic nitrogen (TIN) which
consists of ammonia, nitrate and nitrite. Under most conditions, the bulk of TIN consists
OfNO3-N, therefore, it was assumed that comparison of these values is valid for
descriptive purposes. Ranges of water quality conditions sampled in the reference streams
provide a qualitative comparison for degree of degradation in similar Montana streams.
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RESULTS

Riparian Vegetation
Table 7 lists species of woody vegetation observed along each stream. Although 8
of 15 common taxa were found at all three study streams, several species (Russian olive,
potentilla, and cottonwood) were absent along East Fork Big Spring Creek. In contrast to
species composition, marked differences in relative abundance of several taxa were
observed among treatments. Careless Creek had significantly greater density of alder,
dogwood, wild rose, and willow in the fenced section than in the grazed section (Table 8).
Buffaloberry and chokecherry, in contrast, were much more abundant in the grazed
section. At Cottonwood Creek, community composition was largely similar among
sections, but most taxa showed greater relative abundance in the summer-grazed section
(P <0.10; Table 9). Willow, dogwood, and snowberry showed significantly greater
density in the summer-grazed section, with willow density being about 20 times greater
than in the winter-grazed section (P <0.10). At East Fork Big Spring Creek, wild rose,
snowberry, and willow were about 60-100 times more abundant (P < 0.10) in the fenced
section (Table 10). Several rare species present in the fenced section (alder, buffaloberry,
dogwood, and hawthome) were absent in the grazed section.
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Table 7. Species and location of woody taxa found in study ,streams and payability to
cattle (Hansen et al. 1995). Good = highly relished and consumed to a high degree; fair =
moderately relished and consumed to a moderate degree; poor = not relished and
normally consumed to only a small degree or not at all.
Scientific name
Common name
Stream(s) found
Cattle ■
forage
f
palatability
Alnus incana
mountain alder
all
poor
servicebefry
Amelchier alnifolia
Cottonwood
fair
Creek
Cornis stolonifera
red-osier dogwood
all
good
fair
Cretagous chrysocarpa
hawthome
Careless and
Cottonwood
Creeks
Elaegnus commutata ■
Russian olive
Cottonwood and
poor
Careless Creeks
Cottonwood and
poor
shrubby cinquefoil
Potentillafruticosa
Careless Creeks
cottonwood
Cottonwood and
poor
Populus trichocarpa
Careless Creeks
chokecherry
all
fair
Prunus virginiana
currant
all
fair to poor
Ribes spp.
all
- fair
wild rose
Rosa spp.
good
all
Bebb5s willow
Salix bebbiana
Cottonwood
poor
Drummond willow
Salix drummondiana
Creek
fair
all
sand bar willow
Salix exigua'
East Fork Big
buffaloberry
Shepherdia canadensis
Spring Creek and
Careless Creek
fair
all
snowberry
Symphiocarpos spp.

Size-class composition of willow and dogwood also varied among treatments. In
the fenced section on Careless Creek, willow was more abundant and comprised a wider
range of size classes than in the grazed section (Figure 5). In the grazed section, there
was no evidence of recruitment of smaller shrubs; of the two willows sampled, both had
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volumes of > 20m3, whereas 45 % of willows in the fenced section were less than 20 m3
in volume. In contrast, size-class composition of dogwood was similar among
treatments, although density in the grazed section was about one-third of that in the
fenced section (Figure 6). In summer-grazed and winter-grazed pastures at Cottonwood
Creek, willows were mostly small (< 10 m3), although the winter-grazed section had a
few more large individuals (Figure 7). At East Fork Big Spring Creek, willow shrubs in
the fenced section showed a large range of size classes; whereas willow shrubs in the
grazed section consisted of a few, relatively small individuals (Figure 8).

Table 8. Comparison of woody taxa density on Careless Creek (fenced vs. grazed)
Significantly different values (P < 0.10) are designated with an asterisk.
Grazed mean n o ./100
Significance
Fenced mean no./
Woody
m2
level
IOOm2
Taxon
4.0
0.01
Alder
35.0*
0.08
89.0*
Buffaloberry
0.93
0.04
0
30.0*
Chokecherry
2.4
0.94
4.3
Cottonwood
10.0
0.18
0
Currant
0.35
0.01
32.0*
Dogwood
65.0
0.35
47.0
Potentilla
0.86
24.0
22.0
Russian
olive
0.02
54.0
611.0*
Wild rose
0.02
0.06
5.2*
Willow

Despite marked difference of willow density on Cottonwood Creek, total shrub
canopy did not differ among treatments (Table 11). This is likely due to the large size of
several shrubs in the winter-grazed section. On East Fork Big Spring Creek, total shrub
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cover of willows was several orders on magnitude larger in the fenced section compared
to the grazed section. In terms of browse utilization of willows on Cottonwood Creek,
browse ratings in the winter-grazed section were over twice those observed in the
summer-grazed section (Table 12).

Table 9. Comparison of woody taxa density on Cottonwood Creek (summer-grazed vs.
winter-grazed). Significantly greater values are designated with an asterisk.
Woody
Summer-grazed
Winter-grazed
Significance
Taxon
mean n o ./100 m2
mean n o ./100 m2
level
4.0
1.1
Alder
. 0.79
Chokecherry
2.0
17.0
1.0
15.0
30.0
0.27
Cottonwood
0.5
0.5
1.00
Current
0.02
0.1
Dogwood
9.0*
0.1
Hawthorne
3.9
0.18
5.0
0.8
0.11
Potentilla
0.5
0.06
Russian olive
2.8
0.1
0.0
1.00
Serviceberry
0.0
0.10
37.0*
Snowberry
73.0
113.0
0.93
Wild rose
23.0
0.01
Willow
466.0*

Table 10. Comparison of woody taxa density on East Fork Big Spring Creek (fenced vs.
grazed). Significantly different values (P < 0.10) are designated with ah asterisk.
Grazed
Significance
Fenced
Woody Taxon
mean n o ./100 m2
level
mean no./ 100 m2
0
I
0.30
Alder
0.37
4.00
0
Buffaloberry
0.43
I
11.00
Chokecherry
I
10.00
0.82
Current
0
0.37
Dogwood
2.55
0
I
0.61
Hawthorne
0.76
0.10
Wild rose
65.00*
2.0
0.06
Snowberry
200.00*
3
0.04
Willow
64.00*
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Figure 5. Comparison of size class composition of willow among fenced (./V= 11) and
grazed ( TV= 2) treatments on Careless Creek.
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Figure 6. Comparison of size class composition of dogwood among fenced (N= 14) and
grazed (N = 5) treatments on Careless Creek.
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Figure 7. Comparison of size class composition among summer-grazed (N= 42) and
winter grazed (N = 44) treatments on Cottonwood Creek.
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Figure 8. Comparison of size class composition of willow shrubs among fenced (N= 57)
and grazed (N= 9) treatments on East Fork Big Spring Creek.
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Table 11. Comparison of mean canopy cover of willow shrubs among treatments on
Cottonwood Creek and East Fork Big Spring Creek using the U-test (* statistically
significant, P <A0.10).
Stream
Treatment .
Mean cover (%)
Cottonwood Creek
Summer
73
•
Winter
62
East Fork Big Spring Creek
Fenced
22*
. Grazed
0.001

Table 12. .Comparison of browse utilization for willow among treatments on Cottonwood
Creek. Data were compared using the U-test.
Summer-grazed
Winter-grazed
Significance level
Mean browse utilization
1.28
0.01
rating
2.82*

Table 13. Mean overstory canopy density in riparian and stream areas. Data were
compared using the U-test. (* statistically significant, P < 0.10)
■ Stream canopy .
Riparian canopy
Treatment
Careless Creek
64*
Fenced
79*
44
49
Grazed
<0.001
0.03
Significance level
Cottonwood Creek
Summer-grazed
Winter-grazed
Significance level

42
47 .
0.65

39
48
0.61

East Fork Big Spring Creek
Fenced
Grazed
Significance level

.25*
10
0.07

16
10
0.25
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The amount of shading of stream and riparian areas by overstory canopy varied
among the three study streams (Table 13). On Careless Creek, the fenced section had
significantly greater density of overstory canopy shading both on the stream and riparian
area. On Cottonwood Creek, neither stream shading nor the density of riparian overstory
canopy differed between summer- and winter-grazed treatments. On East Fork Big
Spring Creek, shading of the stream by overstory canopy was significantly greater in the
fenced section. Two large willow trees in the grazed section provided nearly 100 %
overstory canopy cover on one transect, whereas overstory canopy along other transects
was negligible.
Herbaceous cover differed somewhat among sections (Table 14). The fenced
section on Careless Creek had significantly more herbaceous cover than did the grazed
section. There was no difference in herbaceous cover between the winter-grazed and
summer-grazed treatments on Cottonwood Creek. The fenced section had significantly
more herbaceous ground cover than did the grazed section on East Fork Big Spring
Creek.
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Table 14. Comparison of herbaceous vegetation cover in each study section.
(Statistically significant values are marked with an *).
Mean
herbaceous
CM
Significance
Treatment
cover (%)
square
df
level
Careless Creek
Fenced
83*
Grazed
60
80.0
29
<0.001
Cottonwood Creek
Summer-grazed
Winter-grazed

84
80

18.8

24

0.76

East Fork Big Spring
Creek
Fenced
Grazed

88*
74

175.4

94

0.05

Bank Condition
The fenced section on Careless Creek had significantly greater bank stability, and
bank and vegetative overhang, while bank heights were nearly 4 times higher in the
grazed section (Table 15). No significant differences were found between bank
conditions sampled between the summer- and winter-grazed treatments on Cottonwood
Creek. The fenced section on East Fork Big Spring Creek had significantly greater bank
stability and vegetative overhang, whereas bank angle was significantly greater in the
grazed section.
I
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Table 15. Comparison of stream bank conditions on all three study streams.
Mean
Mean
Mean
Mean Bank
Vegetative
Bank
Bank
Overhang
Stability
Overhang
Angle
Treatment
Rating
(degrees)
(m)
(m)
Careless Creek
Fenced
3.4*
0.11*
0.48*
102.5
Grazed
0.05
2.2
0.18
109.4
Significance
<0.001
0.03
0.009
0.16
level
Cottonwood Creek
Summer-grazed
Winter-grazed
Significance
level
East Fork Big Spring
Creek
Fenced
Grazed
Significance level

1.9
2.6
1.0

0.07
0.05
0.62

0.15
0.15
0.3

3.5*
2.8
0.008

0.04
0.01
0.13

0.28*
0.04
<0.001

Mean
Bank
Height
(m)
0.38
1.5*
0.01

111.0
116.0
0.2

0.83
0.84
1.0

112.5
160.0*
<0.001

0.73
0.54
0.62

Stream Habitat Composition
Some qualitative differences were observed in stream habitat composition
between sections on the three study streams (Table 16). On Careless Creek, width-todepth ratio, mean width, and surface fines were similar in the fenced and grazed sections.
The fenced section, however, had a proportionally greater amount of pool habitat, greater
pool depth and higher pool quality, and greater sinuosity than the grazed section (high vs.
medium). The winter- and summer-grazed sections of Cottonwood Creek had similar
width, width-to-depth ratio and pool depth. However, the summer-grazed section had
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higher percentage of pools, higher pool-quality rating, and greater sinuosity than the
winter grazed section (high vs. medium).

On East Fork Big Spring Creek, the fenced

section showed greater percentage of pool, narrower width, and greater sinuosity (high vs.
low).
Most treatments, with the exception of the grazed section on East Fork Big Spring
Creek, showed a variety of fluvial habitat types (Table 17). This section consisted
primarily of riffle habitat, except for one pool formed by a bridge. Lateral scour pools,
which typically contained woody debris, occurred in proportionally more units in the
fenced sections on Careless Creek and East Fork Big Spring Creek and the summergrazed section on Cottonwood Creek.
On Careless Creek, significantly greater frequencies of silt and pea-gravel
substrate were encountered in the fenced treatment, whereas, gravel was more frequently
encountered in the grazed section (Table 18). Differences were also detected in the
comparison of winter-grazed and" summer-grazed substrate composition. Silt, pea gravel,
and gravel were significantly more frequent in the summer-grazed section than in the
winter-grazed section. In terms of the fenced versus grazed treatments on East Fork Big
Spring Creek, gravel was more Sequent in the grazed section, probably as a result of the
predominance of fast-water habitats (Table 17).
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Table 16. Comparison of stream habitat characteristics among treatments on all three
study streams.
Mean
max.
Mean
Width/ Mean Pool/
%
pool
Pool
depth width riffle
depth
surface quality
Length
Treatment ' ratio
ratio
fines
rating
Sinuosity
(m)
(m)
Cm)
Careless Creek
Fenced
12
3.6
I
0.66
22
5
1.55 ■ 106
. Grazed
14
3,5
0.34
0.58
26
4
' 1.21
462
Cottonwood
Creek
Summer22.4
7.0
3.3
0.62
0.79
5
1.44
820
grazed
Winter7.4
0.38
0.84
2.4
4
24.5
1.25
1025
grazed
East Fork Big
Spring Creek
14
4.5
1.08
15
Fenced
0.7
5
1.46
1103
Grazed
11.32
6.0
0.06
20
5
0.8
1.09
. 205

Retention of Coarse Organic Particles
Potential organic matter retention differed significantly between the fenced and
grazed sections on East Fork Big Spring Creek (Figure 9), The fenced treatment retained
significantly more plastic strips than did the grazed section (n = 138 vs. 31, respectively^
P < 0.05). This represents about 20 % of the 700 released strips retained in the fenced
section as opposed to 4 % retained in the grazed section. Comparison of distance traveled
from point of release among sections indicates that strips were retained throughout the
test reaches in both treatments (Figure 10). In terms of the relative importance of
individual features in the fenced section, aquatic macrophytes retained the most strips (40
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% of all retained); however, combined riparian vegetation features (wood, sticks, stems,
and roots) retained the most plastic strips (55 % of all strips retained). In the grazed
treatment, terrestrial herbaceous vegetation and submerged aquatic vegetation were the
major retaining features. Streamside vegetation accounted for retention of about 56 % Of
all strips retained in the grazed section; while, aquatic vegetation retained nearly 33 % of
total retained strips.

Table 17. Percentage of habitat unit types by treatment. (vV= number of units sampled).
Mid Lateral
Low
gradient Step
Corner channel scour Misc.
riffle
run Run
Treatment/ Stream N pools pools pools pools Glide
\
Careless Creek
44
11
44
0
0
0
0
0
Fenced
9
33
18
40
0
3
3
3
0 .
Grazed
30
Cottonwood Creek
2
10
11
0
42
7
0
19
48
Winter-grazed
5
0
31
8
8
0
Summer-grazed 40
7
38
East Fork Big
Spring Creek
11
42
5
0
8
11
65
6
20
Fenced
0
0
25
25
0
0
4
0
. 50
Grazed
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Table 18. Comparison of substrate composition among treatments. (* statistically larger
value).
Mean
Mean
Mean
frequency peafrequency
Treatment
frequency silt
gravel
gravel
Careless Creek
Fenced
40*
31*
24
Grazed
22
25
35*
Significance level
<0.001
<0.001
<0.001
Cottonwood Creek
Summer-grazed
Winter-grazed
Significance level

19*
9
<0.001

12
10
<0.001

60*
49
<0.001

East Fork Big Spring
Creek
Fenced
Grazed
Significance level

46*
38
<0.001

24*
15
<0.001

22
44*
<0.001
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Figure 9. Comparison of retention of plastic strips per substrate feature on East Fork Big
Spring Creek. Error bars designate 95 % confidence interval.
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Figure 10. Comparison of transported distance of retained plastic strips 2 h after release.

Benthic Macroinvertebrates
Careless Creek showed a diverse array of taxa of benthic macroinvertebrates with
five Orders well represented. While treatments showed generally similar community
composition, markedly different density of some taxa was observed in June samples
(Table 19) with greater densities occurring in the fenced section. Elmid beetle (genus
Optioservus) density was approximately 30 times greater in the fenced section, while
stoneflies (genus Malenka) occurred in the fenced section in over 300 times the density of
the grazed section. Likewise, caddisflies of the genus Agraylea were nearly 90 times
more abundant in the fenced section. Striking differences in elmid beetle abundance were
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Table 19. Benthic insects sampled in June on Big Careless Creek. Includes functional
feeding group assignments and mean density per treatment. Codes for functional feeding
group are: gatherer = g; filterer = f; shredder = sh; scraper = sc; predator = P \ piercer = pi.
(* significant at P < 0.10)
Fenced
Grazed
Functional
mean
mean
feeding
density
density
Sig.
Taxon
(no./m2)
group
(no./m2)
level
Coleoptera
Elmidae
Optioservus sp.
153.09*
P <0.01
4.78
g
Lara avara
sh
O
3.59
Diptera
Atherinidae
Atherix pachypus
4.78
O
P
Chironomidae
80.13
47.84
f
Simulidae
O
2.39
Tipulidae
Hexatoma sp.
1.20
O
P
Ephemeroptera
51.43
Baetidae
53.82
g
Ephemerellidae
sc
O
Drunella doddsi
2.39
Drunella grandis
SC
7.18
1.20
Ephemerella sp.
O
0.22
g
O
Seratella tibialis
2.39
g
22.72
8.37
Heptageniidae
g
1.20
O
Megaloptera
P
Sialidae
Odonata
O
1.20
Gomphidae
P
Plecoptera
Nemouridae
P <0.04
sh
0.11
39.47*
Malenka sp.
Perlidae
16.77
10.76
Hesperoperla pacificum
P
Trichoptera
Brachycentridae
f
10.76
Brachycentrus sp.
3.59
f
39.47
13.16
Hydropsychidae
Hydroptilidae
1.20
P < 0.02
Agraylea sp.
992,7*
Pi
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Figure 11. Functional feeding group composition of benthic macroinvertebrates sampled
in June on Careless Creek. A) mean density and B) mean biomass of benthic
macroinvertebrates. Error bars designate 95% confidence intervals. * Significant at J5 <
0.05.
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observed again in August, with nearly 20 times the density encountered in the fenced
section (Table 20). In addition, baetid mayflie densities were significantly greater in the
fenced section.
There were distinct differences in the trophic structure and overall abundance of
benthos among treatments on Careless Creek. In June, the fenced section showed greater
overall density of macroinvertebrates as well as higher densities of filterers, piercers,
predators, and shredders (Figure 11). Significantly greater density of scrapers occurred in
the grazed section. Comparisons of biomass among sections indicated significantly
greater biomass of piercers and shredders in the fenced section and greater biomass of
scrapers in the grazed section. Total biomass of macroinvertebrates was greater in the
fenced section, but this difference was not statistically significant (P < 0.29).
Differences in trophic community structure among fenced and grazed sections
were not as pronounced in August samples from Careless Creek (Figure 12). Gatherers
showed over twice the density and biomass in the fenced section. Total density of benthos
was greater in the fenced section, but there was no significant difference in total biomass.
Benthic macroinvertebrate communities on Cottonwood Creek in June were
comprised largely of Ephemeropterans, Dipterans and Trichopterans, with Coleopterans
and Plecopterans constituting a small portion of the community. Community
composition was generally similar among summer-grazed and winter-grazed sections of
Cottonwood Creek in June (Table 21). The only differences in density among taxa
occurred with the caddisfly larvae Brachycentrus sp., which were about five times

56
Table 20. Benthic insects sampled in August on Careless Creek. Includes functional
feeding group assignments and mean density per treatment. Codes for functional feeding
group are: gatherer = g; filterer = f; shredder = sh; scraper = sc; predator = p; piercer = pi.
(* significant at T < 0.10).
Fenced
Grazed
Functional
mean
mean
density
density
feeding
Sig.
(no./m2)
level
(no./m2)
Taxon
group
Coleoptera
Dytiscidae
1.20
P
Elmidae
Optioservus sp.
205.71*
P <0.01
9.57
g
sh
Lara avara
O
3.59
Diptera
137.54
133.95
Chironomidae
Simulidae
f
4.78
3.59
Tipulidae
Hexatoma sp.
1.20
3.59
P
Ephemeroptera
135.15
62.19
Baetidae
g
Ephemerellidae
sc
O
Drunella doddsi
159
O
Seratella tibialis
159
g
1.20
10.76
Eleptageniidae
g
Tricorythodidae
1.20
Tricorythodes minutus
2.39
g
Odonata
1.20
O
Gomphidae
P
Plecoptera
Nemouridae
sh
53.82
20.33
Malenka sp.
Perlidae
34.68
33.49
Hesperoperla pacificum
P
7.18
159
Perlodidae
P
Trichoptera
28.70
f
9.57'
Hydropsychidae
Hydroptilidae
0
9.57
Agraylea sp.
Pi
O
9.57
f
Philopotamidae
Rhyacophilidae
3.58
Rhyacophila brunnea
23.93
P
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Figure 12. Functional feeding group composition of benthic macroinvertebrates sampled
in August on Careless Creek. A) mean density and B) mean biomass of benthic
macroinvertebrates. Error bars designate 95% confidence intervals. * Significant at P <
0.05.
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more abundant in the winter-grazed section; also, baetid mayflies which were nearly four
times more abundant in the winter grazed section.
Compared to June, August benthic communities on Cottonwood Creek consisted
of fewer taxa, and abundance of some taxa had changed (Table 22). Simulidae
dominated the community in August, and were up to 30 times more abundant than in
June. Heptageniids were no longer the dominant mayfly taxa, being replaced in the
summer-grazed section by Seratella tibialis, of the family Ephemerellidae. Although the
sections exhibited similar community composition, some differences in densities were
observed. Caddisflies of the family Glossosomatidae were approximately five times
more abundant in the winter-grazed section (P < 0.08), whereas the mayfly nymph
Seratella tibialis was nearly 20 times more abundant in the summer-grazed section.
Although functional feeding group composition was generally similar in June
among study sections on Cottonwood Creek, there was significantly greater density and
biomass of filterers in the winter-grazed section (Figure 13). This was due to the
abundance of Brachycentrus sp. and Simuliium sp.. In August, the greater density of
Glossomatids was reflected in greater density and biomass of scrapers in the wintergrazed section (Figure 14). Greater biomass of predators in the winter-grazed section was
probably influenced by the presence of several Hesperoperla pacificum, a large predatory
stonefly nymph.
Benthic communities on East Fork Big Spring Creek were dominated by
Ephemeropterans and Trichopterans with several families of Ephemeroptera being well .

;
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Table 21. Benthic insects sampled during June on Cottonwood Creek. Includes functional
feeding group assignments and mean density per treatment. Codes for functional feeding
group are: gatherer = g; filterer = f; shredder = sh; scraper = sc; predator = p;.piercer = pi.
(* significant at B < 0.10)
Summer
Winter
grazed
grazed
mean
Functional
mean
density
density
feeding
Slg.
(no./m2)
level
(no./m2)
TaxOn
group
Coleoptera
' Curculionidae
pi
i. 2 o ;
. O
Dytiscidae
Agabus bjorkmanae
1.20
O
P
Diptera
26.31
26.31
Chironomidae
f
10.76
Simulidae
9.59
Tipulidae
1.20 ■
O
Hexatoma sp.
P
sh
1.20
.
O
Tipula sp,
Ephemeroptera
9.57
41.86* P < 0.06
Baetidae
g
Ephemerellidae
sc
4.78
O
Drunella doddsi
SC
O
8.37
Drunella grandis
O
Ephemerella sp.
3.59
g
9.57
Seratella tibialis
5.98
/ g
65.78
Heptageniidae
83.72
g '
Megaloptera
O
2.39
Sialidae
P
Plecoptera
■
4.78
sh
'2.39
Nemouridae
Perlidae
O
1.20
Hesperoperla pacificum
P
o
5.98
Perlodidae
P
Trichoptera
Brachycentridae
315:74*. P <0.04
f
59.80
Brachycentrus sp.
9.568
1.20
sc
Glossosomatidae
10.76
f
3.59
Hydropsychidae
Lepidostomatidae
9.57
sh
20.33
Lepidostoma pluviale
Limnephilidae
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Figure 13. Functional feeding group composition of benthic macroinvertebrates sampled
in June on Cottonwood Creek. A) mean density and B) mean biomass of benthic
macroinvertebrates. Error bars designate 95% confidence intervals. * Significant at f <
0.05.
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Table 22. Benthic insects sampled in August in Cottonwood Creek. Includes functional
feeding group assignments and mean density per treatment. Codes for functional feeding
group are: gatherer = g; filterer = f; shredder = sh; scraper = sc; predator = p; piercer = pi.
(* significant at P <0.10).
Summer
Winter
grazed
grazed
Functional
mean
mean
feeding
density
density
Sig.
Taxon
group
(no./m2)
level
(g/m2)
Coleoptera
Dytiscidae
O
1.20
P
Diptera
Chironomidae
21.53
32.29
Simulidae
f
Simulium sp.
194.95
269.10
Tipulidae
4.78
Hexatoma sp.
2.39
P
Ephemeroptera
Baetidae
29.90
20.33
g
Ephemerellidae
Ephemerella sp.
7.18
6.51
g
Seratella tibialis
45.45*
2.39
f < 0.04
g
0
Heptageniidae
2.39
g
1.20
1.33
Leptophlebliidae
g
Plecoptera
Chloroperlidae
O
7.57
P
Perlidae
O
Hesperoperla pacificum
7.57
P
Trichoptera
Brachycentridae
16.74
40.40
Brachycentrus sp.
f
sc
13.16
70.70* P < 0.08
Glossosomatidae
Lepidostomatidae
sh
0
Lepidostoma pluviale
3.59
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Figure 14. Functional feeding group composition of benthic macroinvertebrates sampled
in August in Cottonwood Creek. A) mean density and B) mean biomass of benthic
macroinvertebrates. Error bars designate 95% confidence intervals. * Significant at P <
0.05.
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Table 23. Benthic insects Sampled during June in East Fork Big Spring Creek. Includes
functional feeding group assignments and mean density per treatment. Codes for
functional feeding group are: gatherer = g; filterer = f; shredder = sh; scraper = sc;
predator = p; piercer = pi. (* significant larger value P < 0.10)
Fenced
Grazed
mean
Functional
mean
density
feeding
density
Sig.
(no./m2)
Taxon
group
(no./m2)
level
Coleoptera
Elmidae
Microcylloepus sp.
20.33
19.38
g
Diptera
Atherinidae
Atherix pachypus
7.18
0
P
1.20
Chironomidae
25.83
f
7.18
0
Simulidae
Tipulidae
4.78
10.76
Hexatoma sp.
P
sh
4.78
2.15
Tipula sp.
Ephmemeroptera
49.04
236.81* P < 0.02
Baetidae
g
Ephemerellidae
129.17
120.56
Ephemerella sp.
g
1.20
8.61
Heptageniidae
g
Tricorythodidae
.104.05
150.70
Tricorythodes minutus
g
Odonata
0
5.98
Gomphidae
P
Plecoptera
20.33
32.29
Perlodidae
P
Trichoptera
Brachycentridae
88.26
f
'53.82
Brachycentrus sp.
4.31
sc
O
Glossosomatidae
77.50
f
145.91
Hydropsychidae
Leptoceridae
0
sh
1.20
Nectopsyche sp.
0
3.59
Oecetus sp.
P
1.20
0
Rhyacophilidae
P
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Figure 15. Functional feeding group composition of benthic macroinvertebrates sampled
in June on East Fork Big Spring Creek. A) mean density and B) mean biomass of benthic
macroinvertebrates. Error bars designate 95% confidence intervals. * Significant at P <
0.05.
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Table 24. Benthic insects sampled during August in East Fork Big Spring Creek.
Includes functional feeding group assignments and mean density per treatment. Codes
for functional feeding group are: gatherer = g; filterer = f; shredder = sh; scraper = sc;
predator = p; piercer = pi. (* statistically larger value, P <0.10) (* statistically larger
value, P <0.10)
Fenced
Grazed
Functional
Mean
Mean
Feeding
Density
Density
Sig.
Taxon
Group
(no./m2)
(no./m2)
Level
Coleoptera
Elmidae
Microcylloepus pusillus
44.25*
P < 0.04
17.22
g
Diptera
Atherinidae
O
Atherix pachypus
3.59
P
Chironomidae
4.31
P < 0.06
22.72*
f
27.51
34.44
Simulidae
Tipulidae
2.15
Hexatoma sp.
8.37
P
Ephemeroptera
129.17*
49.51
P < 0.06
Baetidae
g
1.20
4.31
Heptageniidae
g
Leptophlebiidae
O
Leptoplehia gravastella
2.39
g
Tricorythodidae
17.94
43.06
Tricorythodes minutus
g
Odonata
Gomphidae
2.15
P < 0.04
15.55*
Ophiogomphus sp.
P
Trichoptera
Brachycentridae
' 31.10
8.61
f
Brachycentrus sp.
45.21
84.92
Hydropsychidae
. Hydroptilidae
. 2.15
4.78
Hydroptila sp.
pi
Limnephilidae
1.20
O
sh
Limnephilus sp.
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Figure 16. Functional feeding group composition of benthic macroinvertebrates sampled
in August in East Fork Big Spring Creek. A) mean density and B) mean biomass of
benthic macroinvertebrates. Error bars designate 95% confidence intervals. * Significant
at P < 0.05.
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represented. Community composition and abundance was largely similar between
sections (Table 23). The only difference between the sections was the significantly
greater density of baetid mayflies in the grazed section. August samples showed
generally similar community composition; however, the fenced section showed
significantly greater densities of elmid beetles and dragonfly nymphs (Table 24).
On East Fork Big Spring Creek, no statistically significant differences were found
between sections in terms of density or biomass for the June samples, however biomass
appeared to be higher in the fenced Section (P < 0.52; Figure 15). In August, density of
predators was greater in the fenced section; however, biomass did not differ (Figure 16).
Overall density and biomass was greater in the fenced section, however, these differences
were not statistically significant (P < 0.24 and P <0.11, respectively).

Terrestrial Invertebrates
I found no significant differences in abundance or biomass of terrestrial
invertebrates in surface stream drift collected along 30 m of riparian corridor of East
Fork Big Spring Creek (Table 25). A wide variety of terrestrial invertebrates were
sampled in surface drift nets, including members of the classes Mollusca (slugs) and
Insecta. Insects sampled included hymenopterans (bees, wasps, and ants), dipterans (true
flies), homopterans (leaf hoppers), hemipterans (true bugs), and coleopterans. Although
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sampling was scheduled to correspond with a seasonal abundance of grasshoppers, only
one was encountered in all 54 samples.

Table 25. Mean number and biomass of terrestrial invertebrates sampled by drift nets
over three 3 h intervals. Data were analyzed using Mann-Whitney comparison based on
ranks. No significant differences were found.
Grazed
SD
Fenced
SD
Mean number of terrestrial
invertebrates filtered (no./m3)
0.40
0.47
0.23
0.18 '
Mean wet weight of terrestrial
invertebrates filtered (g/m3)
0.001
0.002
0.001
0.002

Fish
Fish community composition varied among streams. In Careless Creek, brook
trout (Salvelinus fontanalis) predominated, although sampling did yield one rainbow trout
(Oncorhynchus mykiss) and one longnose sucker (Catostomus catostomus). In
Cottonwood Creek, the fish community consisted of two species, brook trout and mottled
sculpin (Cottus bairdi). Fish species sampled on East Fork Big Spring, Creek included
brown trout (Salmo trutta), rainbow trout, longnose sucker, white sucker {Catostomus
commersoni), longnose dace {Rhinichthys cataractae), northern redbelly dace {Phoxinus
eos), and mottled sculpin.
There were significant differences in density of brook trout between treatments on
both Careless Creek and Cottonwood Creek (Figure 18). Density of brook trout in the
fenced section of Careless Creek was about 18 times higher than in the grazed section.

69
On Cottonwood Creek, density of brook trout in the summer-grazed section (13 fish/100
m2) was significantly greater than in the winter-grazed section (5 fish/100 m2).

Figure 17. Careless Creek (Fenced and Grazed) and Cottonwood Creek (summer and
winter) brook trout densities. Error bars designate 95% confidence intervals (*
significant at P < 0.05).

Densities of both salmonids and catostomids were compared among treatments on
East Fork Big Spring Creek and with 1990 electrofishing data from the grazed section
(Figure 19). Despite improved fish habitat, trout densities were not different between
fenced and grazed sections; neither was there an improvement since 1990 data.
Catostomids were most abundant in 1990 in the grazed section. Sucker densities in 1990
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in the grazed section were approximately two times greater than densities in the fenced
section and over five times greater than in the grazed section in 1993.
36

Salmonids

Catostomids

Figure 18. Comparison of salmonid and catostomid densities among treatments and years
on East Fork Big Spring Creek. Error bars designate 95 % confidence intervals.

Water Quality
Water quality data collected at upstream and downstream water sampling
locations were similar on each stream, so I pooled these data for each stream. Discharge
measurements deviated from the expected pattern due to unusual weather conditions.
Normally, discharge would decrease as the summer progressed, however, abnormally
high precipitation resulted in augmented flows and flooding throughout July. Most water
quality parameters tested were within EPA criteria for water quality (US EPA 1986), with
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the exception of total phosphorus in Careless Creek and East Fork Big Spring Creek and
TDS in East Fork Big Spring Creek (Table 28). The TDS levels on East Fork Big Spring
Creek were at levels that could corrode irrigation equipment or impact sensitive crops.

Table 28. Comparison of water chemistry with EPA quality criteria for water (1986).
East Fork Big
V ariable/Criteria
Careless Creek
Cottonwood Creek
Spring Creek
<0.10 mg/1
<0.10 mg/1
<0.10 mg/1
Nitrates (<10 mg/1)
Total Dissolved
220 to 250 mg/1
250 to 330 mg/1
700 to 950 mg/1
Solids (<500 mg/1)
<0.1 mg/1 to 0.2
<0.1 mg/1 to 0.3
Total Phosphorus
mg/1
<0.1 mg/1
mg/1
(< 0.1 mg/1)
Dissolved Oxygen
8 to 11 mg/1
8 to 10 mg/1
9 to 10 mg/1
(+4 mg/1)

Comparison of nutrients (NO3-N and TP) measured in Careless Creek with
Montana Valley and Foothill Prairies reference streams show ranges in Careless Creek to
be similar to ranges in the non-degraded reference streams. Concentrations OfNO3-N
were considerably lower than TIN concentrations from reference streams (Figure 20)
indicating limited organic enrichment from nitrogen sources. Nitrogen concentrations did
not vary with discharge. Comparison of TP show that concentrations in Careless Creek
slightly exceeded maximum values from the reference streams (Figure 21).
Concentrations of TP did not respond to flow levels. TSS concentrations increased with
increased flows (Figure 22). These concentrations were similar with ranges from
reference streams.
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Figure 19. Nitrate-nitrogen concentrations on Careless Creek. Mean, max. and min. refer
to total inorganic nitrogen concentrations from Montana Valley and Foothill Prairies
reference streams (Bahls et al. 1992).

In Cottonwood Creek, comparison of water quality conditions with Montana
Valley and Foothill Prairies reference streams suggests limited degradation. Nutrient
enrichment, as expressed as NO3-N and TP concentrations (Figures 23 and 24,
respectively), are similar to ranges encountered on the Montana Valley and Foothill
Prairies reference streams. TSS concentrations, however, increased markedly with high
flows (Figure 25). These levels exceeded maximum levels on the reference streams
tenfold. Comparison of water quality conditions on East Fork Big Spring Creek show
results similar to Cottonwood Creek. Nutrient levels were similar to reference streams
(Figures 26 and 27). Total suspended sediment concentrations, however, increased
considerably with high flows (Figure 28).
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Figure 20. Total Phosphorus concentrations on Careless Creek. Mean, max. and min.
refer to total phosphorus concentrations from Montana Valley and Foothill Prairies
reference streams (Bahls et al. 1992).

On Careless Creek and Cottonwood Creek, temperatures remained similar at
upstream and downstream sampling sites. On Careless Creek, water at sampling sites
showed mean weekly temperatures ranging from 7°C to 15°C (Figure 26). On
Cottonwood Creek, mean weekly temperatures ranged from 7°C to 12°C (Figure 27).
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Figure 21. Comparison of TSS concentrations on Careless Creek. Mean, max. and min.
refer to total phosphorus concentrations from Montana Valley and Foothill Prairies
reference streams (Bahls et al. 1992).

I

I

S

Figure 22. Comparison of nitrate-nitrogen concentrations on Cottonwood Creek. Mean,
max. and min. refer to nitrate-nitrogen concentrations from Montana Valley and Foothill
Prairies reference streams (Bahls et al. 1992). Flooding precluded measurement of
discharge on July 15.
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Figure 23. Comparison of total phosphorus concentrations in Cottonwood Creek. Mean,
max. and min. refer to total phosphorus concentrations from Montana Valley and Foothill
Prairies reference streams (Bahls et al. 1992). Flooding precluded measurement of
discharge on July 15.
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Figure 24. Total suspended solids concentrations in Cottonwood Creek. Max. refers to
TSS concentrations from Montana Valley and Foothill Prairies reference streams (Bahls
et al. 1992). (Flooding precluded measurement of discharge on July 15.)

76

I

9
g g g N itrate-nitrogen

0.9

II
u

i) 'Si)E

I
1
2

0.8

8

Discharge

Max.

1
6^

0.7

0.6
0.5

Mean

!

0.4
0.3

0.2

:: 2

Min.

0.1

0

J--------June 1st

1

I ----

June 20th

mm

I
0

July 15th

Sampling Date

Figure 25. Nitrate-nitrogen concentrations in East Fork Big Spring Creek Mean, max.
and min. refer to concentrations from Montana Valley and Foothill Prairies reference
streams (Bahls et al. 1992).
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Figure 26. Total phosphorus concentrations in East Fork Big Spring Creek. Mean, max.
and min. refer to concentrations from Montana Valley and Foothill Prairies reference
streams (Bahls et al. 1992).
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Figure 27. Total suspended solids concentrations in East Fork Big Spring Creek. Max.
refers to maximum concentration on Montana Valley and Foothill Prairies reference
streams .

On East Fork Big Spring Creek, thermograph data at the water sampling sites was
lost due to tampering by wildlife. Figure 29 shows temperatures recorded directly below
the reservoir outlet and near weekly spot temperatures taken at the upstream end of the
study area. Mean weekly temperatures ranged between 13°C and 16°C, whereas
maximum weekly temperatures ranged between 15°C and 20°C. Spot temperatures were
within I °C of the maximum temperature through June and July. In August, however,
spot temperatures ranged between 4°C and 7°C higher than the maximum reservoir
temperatures, indicating significant heating between the reservoir outlet and the study
area. The relatively low temperatures in June and July correspond to a period of
abnormally high precipitation and cool ambient temperatures.
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Figure 28. Mean weekly temperatures at water sampling sites on Careless Creek.
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Figure 30. Mean weekly temperatures and maximum weekly temperatures of water
released from East Fork Big Spring Creek reservoir. For comparison, weekly spot
temperatures of water at East Fork Big Spring Creek study site are shown as triangles.
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DISCUSSION

Grazing by livestock has the potential to impact riparian vegetation and
streambanks and thereby alter the function of riparian ecosystems. The nature and degree
of these impacts vary according to a number of factors including grazing intensity, timing
and duration, vegetation community type, hydrology, geology, climate and degree of
disturbance. Comparison of riparian and stream ecosystems under different grazing
management strategies in my study indicated varying responses among sections in terms
of riparian vegetation, bank conditions, stream habitat, and fish and macroinvertebrate
communities.

Riparian Vegetation
Livestock can influence riparian vegetation by grazing, browsing or trampling. In
general, investigation into impacts of livestock on woody vegetation indicate differences
in species composition, cover, density, shrub morphology and recruitment between
grazed and fenced pastures (Rinne 1988a; Schulz and Leininger 1990). After exclusion
of livestock, riparian areas have shown dramatic recovery of riparian vegetation as well
as the function conferred by vegetation (Duff 1979; Rickard and Cushing 1982; Stuber
1985); however, recovery can be impeded by other sources of disturbance in the
watershed such as wildfire and flooding (Medina and Clark 1988).
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In my study, willow and dogwood exhibited the strongest response to different
grazing strategies. Willows dominate many riparian community types in Montana and
many species are palatable to cattle (Table 7; Hansen et al. 1995). Because of the
functional attributes related to bank stability, water quality and fish and wildlife habitat,
maintenance of willow communities should be a focus of sustainable practices.
Dogwood is used disproportionately by cattle and wildlife and its utilization is an
indication of past and current use levels (Hansen et al. 1995). According to Aldous
(1952), dogwood cannot hold up under repeated heavy browsing. Therefore, abundance,
morphology and reproduction of dogwood and willow may be useful indicators of
riparian condition.
On Careless Creek, the treatments varied in terms of several aspects of woody
vegetation communities. Palatable species such as willow and dogwood (Table 7)
showed greater density in the fenced section. In addition, size class composition differed
in that a range of size classes of willows were encountered in the fenced section while
there was an apparent lack of willow reproduction in the grazed section.
Results from Careless Creek can be compared with other studies examining the
differences between long-term fenced sections and grazed sections. A similar study
comparing long-term exclusion with long-term grazing found no difference between
density of woody vegetation communities, however the fenced treatment showed greater
canopy cover and wider age class distribution of willows (Schulz and Leininger 1990).
Comparison of grazed and fenced pastures has shown that use by livestock can result in
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an even-aged stand with limited recruitment of smaller size classes of shrubs (Carothers
1977; Glinski 1977). Similarly, recruitment of young willow shrubs was not observed on
Careless Creek.
Careless Creek also provides an example of the potential impacts of spring
grazing along streams. Spring grazing has the potential to be sound riparian management
depending on the condition of the upland vegetation. Shaw (1991) found increased
density of sandbar willow (Salix exigud) in spring grazed pastures. According to Elmore
(1989), cattle use of willows can be negligible in spring grazed pastures, however, when
utilization rate for upland grass exceeds 60%, cattle will increase their use of riparian
shrubs. Over time, this can result in a decrease in woody vegetation communities.
Degradation of upland vegetation communities may be a factor on Careless Creek due to
the length of time this pasture had been subjected to spring grazing pressures. However,
because upland vegetation was not analyzed in this study, the relationship between
upland conditions and riparian use remains speculative. It is possible that lack of
reproduction by willows in the grazed section on Careless Creek is a natural phenomenon
in an alder dominated community type where willow plays a limited role.
Comparison of winter and summer riparian use indicated a number of differences
between woody vegetation communities on Cottonwood Creek. Dogwood, willow and
snowberry showed greater density in the summer-grazed section. Despite greater density
of willow in the summer-grazed section, canopy cover did not differ between sections,
possibly due to several large individual shrubs. Comparison of browse utilization showed
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significantly greater browse pressure in the winter-grazed section. Kovalchick and
Elmore (1991) suggested that winter grazing is reasonably compatible with riparian
habitat needs. According to these authors, riparian shrubs are not palatable in the winter
months and their use is minimal. Platts (1989) considered winter riparian use to be
compatible with fisheries. Both references were based on casual observation and lacked
rigorous analysis. This study does not support the assertion that riparian shrubs are not
palatable in the winter. While wildlife could have contributed to. browse utilization in the
winter-grazed pasture, livestock were probably responsible for most of the browse since
white-tailed deer generally avoid livestock (Compton et al. 1988). Also, if winter browse
utilization by wildlife was significant on Cottonwood Creek, it is likely that the summergrazed pasture would have shown greater browse utilization than observed throughout the
winter due to the absence of livestock, and hence, presence of deer in that pasture.
Few studies have investigated the effects of winter livestock grazing. Cannon and
Knopf (1984) compared winter-grazed pastures with a summer-grazed pasture and found
that seasonal grazing in summer or winter had little or no effect on composition or
diversity of the willow community. These grazing management strategies had been in
use for the past 50 years. In a related study, winter-grazed pastures were considered to
be in “good” condition compared to “poor” conditions encountered in a summer-grazed
pasture (Knopf and Cannon 1982). The riparian zone in the summer-grazed pasture was
narrower and contained shrubs which were larger, more decadent and more widely
spaced.
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The disparity in results between studies may be related to a number of factors.
First, stocking rates over time were not reported in the above studies. Since there were
three winter-grazed pastures and one summer-grazed pasture, the summer-grazed pasture
may have received disproportionately heavier grazing pressure. Second, the species of
willow present may affect relative grazing pressure since willows vary in palatability
(Hansen et al. 1995); on Cottonwood Creek both species present are rated as “palatable
(Table 7). Third, topography can cause cattle to converge in riparian zones (Roath and
Krueger 1982). On the winter-grazed pasture on Cottonwood Creek, the riparian area
was separated from the uplands by a steep terrace. Hence, grazing in this restricted area
may have contributed to the high browse utilization.
Winter use of riparian pastures for calving is a common practice on private lands
in Montana. Further research into community response to winter riparian use and
palatability of different species of woody vegetation in winter months is needed. A
sustainable strategy would preserve the integrity and function of the riparian shrub
community while allowing cows and calves to take advantage of the cover provided by
woody vegetation.
On East Fork Big Spring Creek, before-and-after photographs and comparison of
the fenced section with the continuous grazed section indicate dramatic recovery of
.

woody riparian vegetation in the 5 years following exclusion of livestock. Comparison of
density and cover of willow shrubs in the grazed and fenced sections indicated
' /

significantly greater density and canopy cover in the fenced section. In addition, the
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fenced section showed a range of size classes of willows relative to the grazed section.
This is consistent with the findings of other researchers investigating recovery after
livestock exclusion (Duff 1979; Rickard and Cushing 1982; Stuber 1985).
Comparisons of grazed and fenced riparian pastures generally demonstrate greater
herbaceous cover in the fenced sections (Leege et al. 1981). Comparison of herbaceous
cover on Careless Creek and East Fork Big Spring Creek are consistent with past studies.
Information on effects of winter grazing on herbaceous vegetation is lacking, although
the importance of maintaining herbaceous cover during winter months for bank
protection has been suggested by Bohn (1989) and Platts (1989).
By impacting the morphology and density of woody vegetation, livestock grazing
has the potential to degrade the structural attributes of the plant community which may in
turn affect fish and wildlife. Comparison of grazed and fenced riparian pastures have
shown greater overstory canopy shading the stream and greater structural diversity of
habitat (Claire and Storch 1977; Platts and Nelson 1989a; Schulz and Leininger 1990).
These observations are consistent with the findings on Careless Creek, where the fenced
section showed greater overstory canopy shading the stream and riparian area. Although
the winter and summer-grazed sections on Cottonwood Creek differed in terms of several
woody taxa, overstory canopy density did not differ in either shading the stream or within
the riparian area. Overstory canopy density on East Fork Big Spring Creek did not differ
significantly for riparian measurements, however, canopy shading the stream was greater
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in the fenced section. It is likely that overstory canopy density will increase with
continued rest from livestock grazing in the fenced section.

Rank Conditions
Excessive grazing by livestock has the potential to destabilize banks through
vegetation removal and trampling. Elimination of woody vegetation can lead to
excessive erosion, increased bedload movement and channel downcutting (Heede 1972,
1985). A number of factors are related to the susceptibility of streambanks to alteration
including soil moisture, stream flow (Marlow et al. 1987) and channel type (Myers and
Swanson 1992).
Comparison of fenced and grazed pastures generally show greater bank stability
in the fenced pastures. Rinne (1988a) found stream banks to be 100% stable within
livestock exclosures while banks in the grazed sections were 64% unstable. Comparisons
of grazed and fenced sections on Careless Creek indicated banks in the fenced section
were in better condition as measured by several factors. Banks in this section had higher
stability ratings and showed a greater degree of undercut and overhanging vegetation.
Banks in the grazed section were higher, indicating channel downcutting and a possible
drop in the water table.
The impacts of spring livestock use of riparian areas on stream banks depend on a
number of factors. It has been observed that due to an abundance of forage in the uplands
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during the spring months, cattle tend not to spend as much time congregating in riparian
areas (Marlow and Pogacnik 1986). However, with a decrease in upland forage, cattle
may increase their use of riparian forage (Elmore 1991). In addition, continued spring
use of a pasture may result in a decrease of vegetation vigor in upland areas (Bransen et
al. 1972). With increased cattle use of riparian areas during spring months, the potential
to inflict damage on stream banks increases. Marlow et al. (1987) found that alterations
to stream banks by livestock increased under conditions of high flows and high soil
moisture, conditions most commonly encountered during the spring.
Comparison of winter-grazed and summer-grazed pastures on Cottonwood Creek
showed no differences in stream bank conditions. Bank stability ratings for both sections
were low compared to ratings in the fenced sections on East Fork Big Spring Creek and
Careless Creek. Due to the high flows experienced on this stream, it is unclear how much
bank instability is related to livestock and how much is produced by natural disturbance.
Information on impacts of winter grazing on bank stability is lacking. Platts
(1989) suggested winter grazing was an effective management strategy under conditions
of frozen stream banks, light snow and dormant vegetation. However, Bohn (1989)
reported that the formation of ice results in soils less able to withstand the stresses of
trampling and high flows. The presence of herbaceous cover insulates the banks and
prevents the temperature fluctuations that lead to ice formation.
’

On East Fork Big Spring Creek, streambanks in the fenced section showed better
bank conditions than the grazed section. In addition, comparison of the before-and-after
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photographs show recovery of bank stability as evidenced by establishment of woody and
herbaceous vegetation. Banks in the fenced section showed on average greater stability,
greater vegetative overhang and less obtuse bank angle. Bank heights and undercut bank
did not differ among treatments. Because of the degree of channel incisement that
occurred in the fenced section prior to livestock exclusion, further improvements in bank
condition will likely require a longer recovery period.

Stream Habitat Composition
Numerous studies have examined the effects of riparian grazing on stream habitat
features. Common approaches for these inquiries have been to compare stream reaches
of differing grazing treatments or to observe changes after exclusion of cattle. Hubert et
al. (1985) compared intensively grazed cattle pastures with lightly grazed horse pastures.
They found that horse pastures had stream reaches with narrower, deeper channels. On
Careless Creek, comparison of grazed and fenced pastures showed mixed results in terms
of channel features. While mean widths and depths did not differ, the fenced section had
proportionally greater amount and higher quality pool habitat. Pools in this section were
primarily lateral scour pools containing woody debris cover.
A number of differences were observed between summer-grazed and wintergrazed treatments on Cottonwood Creek. The summer-grazed treatment showed a
proportionally greater amount of pool habitat and higher pool quality rating. Pool habitat
in the summer-grazed section was predominately lateral scour pools with woody debris
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cover. Larger abundance of woody debris enhanced pool habitat in the summer-grazed
section and may be related to the greater density of woody vegetation and roots that
provide instream cover and dissipate flow energies.
With cessation of heavy grazing, some general trends can be observed. The
stream channel narrows and deepens and pool development is accentuated (Duff 1979;
Hubert 1985). Inspection of before and after photographs and comparison with the
grazed section indicate similar occurrences on East Fork Big Spring Creek. Although
pretreatment data are not available, the grazed section was comprised predominately of
riffle habitat, whereas the fenced section had proportionally greater pool habitat. The one
pool that occurred in the grazed section was created by the presence of a bridge. Pools in
the fenced section showed high pool quality due to their large size and cover provided by
woody debris and overhanging vegetation. In terms of substrate composition, the fenced
section showed a greater amount of smaller sized particles (pea-gravel and silt). This is
likely related to the greater sinuosity in this section resulting in dissipation of flow
energies and pool formation, which in turn would decrease energy for transport resulting
in trapping and deposition of fine sediments.

Organic Matter Retention
Riparian vegetation influences instream communities by providing, organic input
to the stream (Cummins and Spengler 1978) and by providing structural complexity
within the stream to retain organic matter for local processing by microbes and aquatic
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macroinvertebrates (Cummins 1974; Smock et al. 1989). Plastic strips have been shown
to show similar retention compared to leaves in streams with low to moderate flows and
have been used to estimate the retentive abilities of streams (Speaker et al. 1988).
Comparison of retention of plastic strips in fenced and grazed reaches on East Fork Big
Spring Creek showed three times greater retention of strips in the fenced section due to
greater structural complexity of the stream habitat. In the fenced section, riparian
vegetation features (wood, sticks, stems and roots) retained the most plastic strips,
whereas, in the grazed section, herbaceous riparian vegetation was responsible for
retention of most strips (=56 %) followed by aquatic macrophytes.
The results of this test were similar to the findings of Speaker et al. (1988) who
investigated the effect of experimental reduction of woody riparian vegetation on
retention. Retention of plastic strips was compared among thinned, clear-cut and control
sections of stream. Retention of strips after 131 d decreased as a function of woody stem
removal with the section having been entirely cleared of woody vegetation retaining the
fewest plastic strips. Features associated with riparian vegetation (i.e. roots, stems)
retained the greatest number of strips in all sections. In the clear-cut section, the
remaining roots, sticks and herbaceous vegetation retained more strips than other stream
related features.
In terms of management implications, these results underscore the importance of
riparian vegetation in retaining allocthonous input in detrital-based lotic systems. In
addition to being a source of organic matter, riparian vegetation serves to filter coarse
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particulate organic matter from the water column. This is important in terms of
supporting local macroinvertebrate communities (Cummins 1974; Smock et al. 1989) and
building banks with organically enriched soils (Platts and Rinne 1985). Under conditions
where landuse practices have reduced or eliminated woody vegetation, my results suggest
that maintaining herbaceous cover is critical for retention of organic matter.

Benthic Macroinvertebrates
Benthic macroinvertebrate communities are influenced by a variety of riparian
and stream conditions including overstory canopy, substrate, retention of organic matter,
thermal regime and stream flow. Disruption of the functional attributes of riparian
vegetation can alter these factors which may result in changes in abundance, species
composition and functional feeding group composition of benthos. In recent years,
macroinvertebrate communities have been increasingly used as bio-indicators of water
quality (Rosenberg and Resh 1993). The impacts of livestock grazing on
macroinvertebrates, however, have received little attention. In one study, Rinne (1988b)
compared macroinvertebrate communities among grazed stream reaches and livestock
exclosures and found species more tolerant of sediments and alkalinity in the grazed
reaches.
Species composition, density, and biomass varied among grazed and fenced
sections on Careless Creek. Several taxa showed significantly greater abundance in the
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fenced section. Elmid beetles (genus Optioservus), stoneflies nymphs (genus Malenka)
and caddisfly larvae (genus Agrayled) showed greater densities in the fenced section.
In a headwater stream with thick overstory canopy density, allochthonous input
should exceed primary production within the stream (Cummins and Spengler 1978).
Under these conditions, shredders should comprise a significant proportion of fimctidnal
feeding group composition in order to process leaf litter. Following this pattern, the
fenced section of Careless Creek had denser overstory canopy density and higher
densities of shredders in June samples. Likewise, under conditions with a more open
canopy, autochthonous production should dominate, resulting in higher densities of taxa
that utilize aufwuchs. The spring grazed section on Careless Creek had a more open
overstory canopy and higher densities of scrapers (Table 18).
Overall densities of benthos are influenced by the amount of organic input
(allochthonous and autochthonous). Unlike previous studies that have shown an increase
in density of benthic macroinvertebrates with lower stream shading (Murphy et al. 1981),
I found the fenced section on Careless Creek had greater densities and biomass of
benthos, but higher canopy shading than the grazed section. This disparity may be due to
increased nutrient release from the beaver dams located between the fenced and grazed
sections.
On Cottonwood Creek, the sections were largely similar in densities and
functional feeding group composition. This was expected due to similar canopy density
and substrate composition. Compared to the other study streams, densities of

)

macroinvertebrates were relatively low, probably as a result of frequent flooding and
scouring throughout June and July which dislodged macroinvertebrates. Succession in a
frequently disturbed system will be truncated with communities dominated by small
organisms with rapid, simple life cycles (Odum 1969; Fisher et al. 1982). This may
explain the preponderance of Simulium larvae, which are small organisms capable of up
to eight generations within a year (Merritt and Cummins 1984).
Macroinvertebrate communities on East Fork Big Spring Creek were mostly
similar among the grazed and fenced sections. However, due to a greater overstory
canopy density and increased potential to retain organic matter, I expected that shredders
would be more abundant in the fenced section. Shredders, however, were only a minor
constituent in both sections. Functional feeding group composition was dominated in
both sections by gatherers and filterers.
I believe macroinvertebrate communities on East Fork Big Spring Creek are
largely influenced by the upstream flood control impoundment. General impacts of
reservoirs on tailwaters are changes in flow patterns, reduction of turbidity, changes in
temperature regime, and development of attached algal masses (Neel 1963), and
increased sedimentation due to prevention of scouring floods (Hilsenoff 1971). Most
investigations have considered downstream effects on benthos of reservoirs with
hypolimnetic release (Hilsenhoff 1971; Spence and Hynes 1971; Lehmkuhl 1972) with
little information on the faunal changes due to top release reservoirs. The release of
ppi lim n etic,

water may result in increased temperatures and less nutrients than a
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hypolimnetic discharge (Martin and Stroud 1973). These effects help explain faunal and
functional feeding group composition. For example, increased water temperatures may
be favoring some species (i.e. Tricorythodes minutus and Microcyttoepuspusittus) which
are generally found in warm, sediment rich streams (Edmunds et al. 1976; D. Gustafson,
Motana State University, personal communication). In addition, the release of nutrients
from the impoundment could be influencing gatherers and filterers over species that
depend on allochthonous input. Finally, sedimentation from reduced scouring flows
inhibits growth of aufwuchs which can result in a paucity of scrapers.
In addition to effects of the impoundment, riparian degradation between the
reservoir outlet and the study area is also likely involved in shaping macroinvertebrate
communities on East Fork Big Spring Creek Despite a dampened hydrograph due to the
flood control dam, deeply incised, erosive banks that occur downstream of the reservoir
may contribute significant amounts of sediment to the system. This sediment is retained
within the stream because of lack of scouring due to altered flow regime. In addition,
decreased shading of the stream by riparian shrubs results in increased water
temperatures. The combined effects of vegetation removal, channelization and increased
sedimentation has been found to alter macroinvertebrate communities by decreasing
diversity of taxa and elimination of shredders (Hachmoller et al. 1991). These

-

perturbations may be related to paucity of shredders on East Fork Big Spring Creek.
Considering the cumulative upstream effects of the impoundment and habitat
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degradation, differences in macroinvertebrate habitat and forage availability due to
grazing management strategy are probably overridden by upstream conditions.

Terrestrial Drift
Allochthonous insects constitute a major food source for salmonids (Hunt 1975).
The importance of terrestrial invertebrates as forage for salmonids varies annually and
often corresponds with a seasonal paucity of benthic sources (Hunt 1975). In general,
benthic macroinvertebrates show the greatest abundance in the spring and decline
throughout the summer and fall due to emergence of adults (Heaton 1966; Vincent 1967).
Conversely, terrestrial invertebrates typically become most available in aquatic systems
during late summer and early fall (Mundie 1969). Sampling on East Fork Big Spring
Creek was scheduled during early September to correspond with the expected peak in
terrestrial drift.
Information regarding livestock grazing impacts on terrestrial drift is scarce. One
study reported greater use by brown trout of terrestrial invertebrates in a fenced stream
section than in a nearby heavily grazed reach (Ensign 1957, cited in Hunt 1975).
Comparison of terrestrial drift among grazed and fenced sections on East Fork Big Spring
Creek showed no differences in terms of abundance or biomass of terrestrial
invertebrates. These results, however, need to be considered in terms of several
confounding variables. First, the drift nets appeared to serve as an attractant for terrestrial
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insects, particularly in the grazed section. Terrestrial dipterans, possibly associated with
livestock, congregated on any standing surface in this section. Second, the topographical
and vegetation differences may contribute to the transfer of invertebrates from riparian
vegetation to the water column. Wind is an important agent in the passive transfer of
terrestrial invertebrates to bodies of water (Metans 1970) and has the potential to play a
greater role in the grazed section. Compared to the fenced section, the grazed section was
more open topographically and had less refugia from wind provided by riparian
vegetation.

Fish
The functional attributes of riparian vegetation are critical to fish communities.
Riparian vegetation serves to maintain stream morphology and channel stability, provide
instream cover, preserve water quality, and provide and retain organic matter, thereby
supporting macroinvertebrate communities. Degradation of riparian communities can
thus potentially have an adverse impact on fish communities. On Careless Creek, the
fenced section had 18 times greater density of brook trout than did the grazed section.
This was expected in light of the higher quality habitat in terms of proportion of pool
habitat, instream cover provided by overhanging banks and vegetation, and greater
densities of macroinvertebrates. In a study comparing lightly grazed horse pastures and
heavily grazed cattle pastures similar differences were found in terms of stream habitat
and fish biomass (Hubert et al. 1985). The stream in the lightly grazed horse pasture was
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narrower and deeper and had nearly 15 times the biomass of brook trout compared to the
heavily grazed pastures.
On Cottonwood Creek, the summer-grazed section showed higher densities of
brook trout compared to the winter-grazed section (14 fish/100 m2vs. 5 fish/100 m2).
This is possibly due to differences between woody vegetation and stream habitat features.
Most of pool habitat in the summer-grazed section consisted of high quality lateral scour
pools. In contrast, the winter-grazed section had less pool habitat and 60 percent less
lateral scour pools than the summer-grazed section. Lateral scour pools are an important
feature of salmonid habitat (White 1991) and woody debris is important in the formation
and maintenance of pool habitat (Heede 1985). The exact relationship between woody
vegetation, livestock grazing, stream habitat and fish densities remains unclear.
Recovery of riparian vegetation and improvements in stream habitat since
livestock exclusion have not resulted in increased fish densities on East Fork Big Spring
Creek. Comparisons of fish densities between the grazed and fenced sections in 1993 and
with data from the grazed section in 1990 indicate that salmonid populations have not
changed. In addition, these densities remain low compared to the other streams in this
study (4 trout/100 m2 vs. 18 trout/1 OOm2 on Careless Creek). Other studies investigating
fisheries response to livestock exclusion have shown variable results. Some authors have
reported increases in salmonid abundance in response to the cessation of livestock
grazing (Duff 1979; Keller et al. 1979; Van Velson 1979). However, not all systems have
responded with improvements in fish productivity. While recovery of riparian vegetation
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leads to increased bank stability and instream habitat, several authors have found that fish
communities did not show recovery up to 10 years after exclusion of cattle (Hubert et al.
1985; Rinne 1988a).
While most habitat conditions have improved for fisheries in East Fork Big
Spring Creek, fish response to improvements in habitat condition may be governed by
upstream perturbations. Upstream land uses and riparian conditions above exclosures
were not reported by Rinne (1988a) and Hubert et al. (1985). Hubert et al. (1985) did
note that fish biomass in lightly grazed horse pastures with an intensively grazed cow
pasture above did not show greater trout biomass. This is evidence of upstream
conditions having an impact on downstream biota. Increased sedimentation due to the
upstream impoundment and riparian degradation may be inhibiting reproduction and
causing physiological stress to adults (Newcombe and MacDonald 1991). Total
suspended solids concentrations less than those measured on East. Fork Big Spring Creek
(% 120 mg/L) with durations of 19 to 30 d have been found to result in 5% mortality of
sub-adult rainbow trout and a 25% reduction in rainbow trout population size (Herbert
and Merkens 1961; Peters 1967). In addition, water temperatures in East Fork Big Spring
Creek may be limiting to salmonids. Finally, in a degraded system such as East Fork Big
Spring Creek, it is unclear how much riparian length needs to recover in order to affect
sufficient improvement in physical and biotic conditions for an increase in fish
populations.
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Water Quality
Riparian vegetation functions to maintain water quality by filtering and trapping
sediments and agricultural runoff, maintaining cooler summer and warmer winter
temperatures, and by limiting erosion. Water quality on the three study streams was
generally within EPA quality criteria for water both entering and leaving each ranch,
although total phosphorus levels occasionally rose above recommended levels to prevent
occurrence of nuisance algal blooms. Aquatic macrophytes were abundant in both i

1

Careless Creek and East Fork Big Spring Creek. Water temperatures on Careless Creek
and Cottonwood Creek also were within tolerance levels for trout (< 23 0C; Bell 1986).
On East Fork Big Spring Creek, spot temperatures in August indicate temperatures
frequently exceeded 23 0C. Lack of shading due to riparian vegetation removal below the
dam appears to be the cause of thermal input resulting in overly warm water
temperatures.

Advantages and Limitations of Study
A case study design was used to describe riparian and instream conditions among
treatments on the three study streams. The case history method of comparing grazed and
:

>
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fenced treatments is a commonly used study design in riparian grazing research (Medina
and Clark 1988; Rinne 1988a; 1988b; Platts and Nelson 1989a; Schulz and Leininger
1990). Another common approach is to describe recovery of riparian ecosystems after
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the exclusion of livestock (Duff 1979; Rickard and Cushing 1982; Stuber 1985). Rinne
(1988a) identified major deficiencies in a case study research design as (I) lack of
pretreatment data, (2) improper consideration of fishery management activities (i.e.,
stocking), and (3) linear positioning of treatments along a stream. Lack of replication is
also commonly encountered. These factors limit inference regarding causal relationships
between grazing management strategy and the riparian and instream conditions
encountered. In addition, short-term studies (2 or less field seasons) have the potential to
overstate the importance of unusual environmental events such as droughts or floods
(Weatherhead 1986). Recommended solutions to avoid these obstacles is to conduct
long-term (10 + years)studies On a watershed level with researcher manipulation of
treatments (Rinne 1988a).
Because most studies on livestock impacts on riparian areas, banks and stream
biota use a case study design, generalization of results to other systems is limited.
Variations in numerous factors including climate, geology, vegetation community type,
topography,

grazin g

Comparisons

am on g

history and current stocking rates can confound Outcomes.
grazing strategies in this study yielded different results than similar

studies. For example. Comparison of summer-grazed and winter-grazed pastures in
Colorado (Knopf and Cannon 1982; Cannon and Knopf 1984) showed the winter-grazed
shrub communities to be in better condition than the summer-grazed community. Other
authors have Considered winter browse use of riparian shrubs to be limited and have
identified winter grazing as compatible with fisheries and riparian health (Platts 1989;
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Elmore and Kovalchick 1991). In this study, however, shrubs in the winter-grazed
section appeared to have been subjected to greater browse pressure with a resultant
change in the abundance of several important taxa.
Because of logistical constraints, the above shortcomings could not be avoided in
my study. Study site selection was limited to landowners willing to have research
conducted on their property. As a result, randomization and manipulation of independent
variables (grazing management strategy) by the researcher was not possible. In addition,
the nature of lotic systems makes true replication difficult as differences among
treatments may be the result of linear differences in the stream and not the result of
grazing management strategy. Considering similar strategies across several watersheds to
achieve replication is difficult. Inter-watershed comparisons are subject to numerous
confounds as even neighboring watersheds can vary in geology, community type and
stream features.
Each study site had conditions that must be considered in interpreting the results.
On Careless Creek, the large complex of beaver dams and ponds between the sections
may have had downstream impacts in the fenced section. For example, the beaver pond
area may buffer flows which could influence substrate composition and reduce stress on
banks in the fenced section. In addition, beaver impoundments may improve water
quality through settling of sediments. On Cottonwood Creek, natural disturbance in the
form of floods is a confound which affects both winter-grazed and summer-grazed
sections. On East Fork Big Spring Creek, the upstream impoundment and intensive
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livestock grazing above the ranch may potentially override effects on stream habitat and
,

biota associated with fencing.
Despite these design limitations, my study nevertheless provided some unique
insights. First, most grazing research is conducted on public lands with grazing
management strategies influenced by public agencies. This study was conducted on
private ranches with grazing management strategies not encountered on federal grazing
allotments (e.g. winter grazing). Second, this study had the opportunity to measure
impacts of practices that had been in effect for relatively long duration. Landowners in
this study showed fidelity to practices that had been implemented for several generations.
For example, on Careless Creek and Cottonwood Creek, the same grazing management
strategies had been in use for each pasture for over twenty years. Finally, there was the
opportunity to employ a fine level of resolution given the limitations in available time
and labor in measuring aspects of the riparian and instream ecosystems. With
investigation focused on a few sections as opposed to a watershed, it was possible to
consider relationships between fluvial processes, terrestrial plant processes and the
instream ecosystems. The majority of studies conducted on livestock focused on one or
few aspects of the riparian and instream response. A principal value of my study is that it
involves a “holistic” interdisciplinary approach, measuring riparian function for a wide
range of biotic and abiotic features.

I
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Sustainable Practices and Management Implications
The results of my study provide a snapshot of the conditions in riparian and
instream ecosystems under various livestock grazing strategies for a given growing
season. Because of limitations in the study design, however, direct causal relationships
between the grazing management strategy and riparian and instream conditions can only
be inferred. The usefulness of this study is not in providing cookbook livestock grazing
management strategies that will benefit riparian areas, fisheries and wildlife as well as
ranching communities. The value is in identifying the numerous factors involved in
shaping these ecosystems and stressing the significance of site specific potentials and
approaches for these ecosystems.
Overall, my results indicate that fencing of riparian areas can result in rapid
recovery and long-term protection of riparian and stream ecosystems. In the context of
sustainable agriculture, fencing is only one factor in the grazing equation. The costs
involved in building and maintaining a fence, combined with loss of forage for cattle may
be prohibitive to many livestock operations (Platts and Wagstaff 1984). In addition, in
open rangeland, riparian shrubs may be the only refugia available to cows with calves
during winter months. The alternative of building structures to shelter over 100 cow/calf
pairs would be extremely costly. Practices that allow cattle access to riparian shelter and
forage but don’t significantly disrupt the function of riparian ecosystems need to be
determined on a site specific basis. Strategies that decrease time cattle spend near
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streams such as development of upland water sources and providing hay and salt in the
uplands are possible tools.
In conclusion, a sustainable approach to the livestock grazing in riparian areas is
to recognize the streamside zone as a distinct management unit, separate from upland
\
areas. As a distinct unit, these areas attract cattle disproportionately and should have
separate criteria for intensity of use. Grazing management strategies designed for upland
areas may result in degradation in riparian areas (Platts and Nelson 1985). Therefore,
recognition on a site specific basis of potentials and degradation of riparian areas is
critical.

105
LITERATURE CITED

Aldous, S.E. 1952. Deer browse clipping study in the lake states region. Journal of
Wildlife Management. 16:401-409.
Bahls, L., R. Bukantis, and S. Tralles. 1992. Benchmark biology of Montana reference
streams. Water Quality Bureau, Department of Health and Environmental
Sciences, Helena..
Behnke, R.J. and M. Zarn. 1976. Biology and management of threatened and endangered
western trouts. USDA Forest Service General Technical Report RM-28.
Bell, M. C. 1986. Fisheries Handbook of Engineering Requirements and Biological
Criteria. U.S. Army Corps of Engineers.
Beschta, R.L. 1991. Stream habitat management for fish in the northwestern United
States: The role of riparian vegetation. American Fisheries Society Symposium
10:53-58.
Bisson, PA., J.L. Nielson, RA. Palmason, and L.E. Grove. 1982. A system of naming
habitat types in small streams with examples of habitat utilization by salmonids
during low stream flow. Pages 62-73 in N. B. Armantrout, editor. Acquisition
and utilization of aquatic habitat inventory information. American Fisheries
Society, Western Division. Bethesda, Maryland.
Bohn, C. 1989. Management of winter soil temperature to control streambank erosion.
Pp. 69-71 in R.E. Gresswell, BA. Barton, and J.L. Kershner, editors. Practical
approaches to riparian resource management: an educational workshop. U.S.
Department of the Interior, Bureau of Land Management, Billings, Montana.
Bransen, F A ., G.F. Gifford, and J.R. Owen. 1972. Rangeland hydrology. Society for
Range Management. Range Science Series No. I. Denver, Colorado.
Brinson, M.M., B.L. Swift, R.C. Plantico, and J.S. Barclay. 1981. Riparian ecosystems:
their ecology and status. US Fish and Wildlife Service, Biological Services
Program FWS/OBS-87/17.
Byron, E.R. and C.R. Goldman. 1989. Land-use and water quality in tributary streams
of Lake Tahoe, California-Nevada. Journal of Environmental Quality 18:84-88.

106
Cannon, R.W. and F.L. Knopf. 1984. Species composition of a willow community
relative to seasonal grazing in Colorado. Southwestern Naturalist. 29:234-237.
Carothers, S.W. 1977. Importance, preservation and management of riparian habitats: an
overview. Pages 2-4 in R.R. Johnson and D. A. Jones, editors. Symposium on
Importance, Preservation and Management of Riparian Habitat. Tucson, Arizona.
Chapman, D. W. and K. P. MacLeod. 1987. Development of criteria for fine sediment in
the Northern Rockies Ecoregion. U.S. Environmental Protection Agency, Report
910/9-87-162.
Claire, E. and R. Storch. 1977. Streamside management and livestock grazing: an
objective look at the issue. Pages 111-128 in John Menke, editor. Symposium on
livestock interactions with wildlife, fish and their environments. USDA Forest
Service, Berkeley, CA.
Compton, B.B., R.J. Mackie and G.L. Dusek. 1988. Factors influencing distribution of
white-tailed deer in riparian habitats. Journal of Wildlife Management 53:544548.
Contor, C.R. and W.S. Platts. 1991. Assessment of COWFISH for predicting trout
populations in grazed watersheds of the intermountain west. USDA Forest
Service, Intermountain Research Station, General Technical Report INT-278.
Cummins, K.W. 1974. Structure and function of stream ecosystems. Bioscience
24:631-641.
Cummins, K.W. and G.L. Spengler. 1978. Stream ecosystems. Water Spectrum 10:1-9.
Duff, D.A. 1979. Riparian habitat recovery on Big Creek, Rich County, Utah - a
summary of 8 years of study. Pages 91-92 in O.B. Cope, editor. Proceedings of
the forum - grazing and riparian/stream ecosystems. Trout Unlimited, Denver,
Colorado.
Edmunds, G. F., S. L. Jenson, and L. Berner. 1976. The mayflies of north and central
America. University of Minnesota Press, Minneapolis.
Edwards, CA., R. Lai, P. Madden, RH. Miller, and G. House, editors. 1990. Sustainable
agricultural systems. Soil and Water Conservation Society, Ankeny Iowa.

107
Elmore, W.A. 1989. Riparian management: Oregon recipes. Pages 29-33 in R.
Richardson and R. H, Hamre, editors. Wild Trout IV; September 18-19, 1989:
Yellowstone National Park; Mammoth WY.
Evans, RA. and R.M. Love. 1957. The step-point method of sampling - a practical tool
in range research. Journal of Range Management. 10:208-212.
Fisher, S.G., L.J. Gray, N.B. Grimm, and D.E. Busch. 1982. Temporal succession in a
desert stream ecosystem following flash flooding. Ecological Monographs 52:93110.
Francis, CA. and G. Youngberg. 1990. Sustainable agriculture - an overview. Pages 123 in CA. Francis, C.B. Flora, and L.D. King, editors. Sustainable agriculture in
temperate zones. John Wiley and Sons, New York.
Francis, CA., C.B. Flora, L.D. King, editors. 1990. Sustainable agriculture in temperate
zones. John Wiley and Sons, New York.
Gilbertson, C.B., FA . Norstadt, A.C. Mathers, RF. Holt, A.P. Barnett. T.M. McCalla,
CA. Onstad, and RA. Yoimg. 1979. Animal waste utilization on cropland and
pastureland. U.S. Environmental Protection Agency, EPA-600/2-70-59.
Gifford, G.F. and RH. Hawkins. 1976. Grazing systems and watershed management: a
look at the record. Journal of Soil and Water Conservation 31:281-283.
Glinski, R.L. 1977. Regeneration and distribution of sycamore and cottonwood trees
along Sonoita Creek, Santa Cruz County, Arizona. Pages 116-123 in R. R.
Johnson and D. A. Jones, editors. Symposium on Importance, Preservation and
Management of Riparian Habitat, Tucson, Arizona.
Green, D.M. and J.B. Kauffman. 1989. Nutrient cycling at the land-water interface: the
importance of the riparian zone. Pages 61-68 in R. E. Gresswell, B. A. Barton,
and J. L. Kershner, editors. Practical approaches to riparian resource management,
an educational workshop. U.S. Department of the Interior, Bureau of Land
Management, Billings, Montana.
Hachmoller, B., RA. Matthews, D.F. Brakke. 1991. Effects of riparian community
structure, sediment size, and water quality on the macroinvertebrate communities
in a small, suburban stream. Northwest Science 65:125-151.

108
Hansen, P.L., R.D. Blister, K. Boggs, B J. Cook, J. Joy, and D.K. Hinckley. 1995.
Classification and management of Montana’s riparian and wetland sites. Montana
Forest and Conservation Experiment Station. School of Forestry, The University
of Montana. Missoula, Montana. Miscellaneous Publication No. 54.
Hawkins, C.P. and J.R. Sedell. 1991. Longitudinal and seasonal changes in functional
organization of macroinvertebrate communities in four Oregon streams. Ecology
62:387-397.
Heaton, J.R. 1966. The benthos and drift fauna of a riffle in the Madison River,
Yellowstone National Park. Doctoral dissertation. Montana State University,
Bozeman, Montana.
Heede, B.H. 1972. Flow and channel characteristics of two mountain streams. U.S.
Forest Service Research Paper RM-96.
Heede, B.H. 1985. Interactions between streamside vegetation and stream dynamics.
Pages 54-58 in R. R. Johnson, editor. Riparian Ecosystems and Their
Management: Reconciling Conflicting Uses. April 16-18. Tucson, Arizona.
Heede, B.H. and J.N. Rinne. 1990. Hydrodynamic and fluvial morphologic processes:
implications for fisheries management and research. North American Journal of
Fisheries Management 10:249-268.
Herbert, D.W., and J.M. Merkens. 1961. The effect of suspended mineral solids on the
survival of trout. International Journal of Air and Water Pollution 7:297-302.
Higgins, D.A, S.B. Maloney, A.R. Tiedmann, and T.M. Quigley. 1989. Storm runoff
characteristics of grazed watersheds in eastern Oregon. Water Resources Bulletin
25:87-100.
Hilsenhoff W.L. 1971. Changes in the downstream insect and amphipod fauna caused
by an impoundment with a hypolimnion drain. Annals of the Entomological
Society 64:743-746.
Hubert, W.A., R.P. Lanka, TA. Wesche, and R. Stabler. 1985. Grazing management
influences on two brook trout streams in Wyoming. Pages 290 - 294 in R. R.
Johnson, editor. Riparian ecosystems and their management: reconciling
conflicting uses. First North American riparian conference. Tucson, Arizona.

)

)

)

Hunt, R.L. 1975. Food relations and behavior of salmonid fishes, use of terrestrial
invertebrates as food by salmonids. Pages 137-151 in A.D. Hasler,editor.
Ecological Studies, Analysis and Synthesis. Vol. 10. Coupling of Land and
Water Systems. Springer-Verlag, New York.
James, A. and L. Evison, editors. 1979. Biological indicators of water quality. John
Wiley and Sons, Chichester.
Kauffman, J.B. 1988. The status of riparian habitats in Pacific northwest forests. Pages
45-55 in K.J. Raedeke, editor. Streamside management: riparian wildlife and
forestry interactions. Institute of Forest Resources, University of Washington,
Seattle.
Kauffman, J.B. and W.C. Krueger. 1984. Livestock impacts on riparian ecosystems and
streamside management implications: a review. Journal of Range Management
37:430-438.
Keller, C.L., L. Anderson, P. Tappel. 1979. Fish habitat changes in Summit Creek,
Idaho, after fencing. Pages 46-52 in O.B. Cope, editor. Forum- grazing and
riparian/Stream Ecosystems. Trout Unlimited, Denver, Colorado.
Knopf, F.L. and R.W. Cannon. 1982. Proceedings of the Wildlife-Livestock
Relationships Symposium 10:198-207.
Kovalchick, B.L. and W.A. Elmore. 1991. Effects of cattle grazing systems on willowdominated plant associations in central Oregon; Pages 111 -119 m W.P. Clary,
editor. Symposium on Ecology and Management of Riparian Shrub
Communities. Publisher, Sun Valley, Idaho.
Kramer, R.P. and R. Swanson. 1990. Stream Habitat Inventory for the Lolo National
Forest. USDA Forest Service, unpublished document.
Leege, TA., D.J. Herman, and B. Zamora. 1981. The effects of cattle grazing on
mountain meadows in Idaho. Journal of Range Management 34:324-328.
Lehmknhl, D.M. 1972. Change in thermal regime as a cause of reduction of benthic
fauna downstream of a reservoir. Journal of Fisheries Research Board of Canada
29:1329-1332.
Lemmon, P.E. A spherical densiometer for estimating forest overstory density. Forest
Science 2:314-320.

J

no
Lowrance, R., R. Todd, J. Fail, 0. Hendrickson, R. Leonard, and L. Assmussen. 1984.
Riparian forests as nutrient filters in agricultural watersheds. Bioscience 34:374377.
Lynch, J.A.,'G.B. Rishel, and E.S. Corbett. 1984. Thermal alteration of streams draining
clear-cut watersheds: quantification and biological implications. Hydrobiologia
111:161-169.
Lyon, L.J. 1968. Estimating twig production of serviceberry from crown volumes.
Journal of Wildlife Management 32:115-119. ■
Marlow, C.B. and T.M. Pogacnik. 1986. Cattle feeding and resting patterns in a foothills
riparian zone. Journal of Range Management 39:212-217.
Marlow, C.B., T.M. Pogacnik, and S.D. Quinsey. 1987. Streambank stability and cattle
grazing in southwestern, Montana. Journal of Soil and Water Conservation
42:291-296.
Marlow, C.B., K. Olson-Rutz, J. Atchley. 1989. Response of a southwest Montana
riparian system to four grazing management alternatives, pp. 111-116 m R.E.
Gresswell, BA. Barton, and J.L. Kershner, editors. Practical approaches to
riparian resource management: an educational workshop. U.S. Department of the
Interior, Bureau of Land Management, Billings, Montana.
Martin, R.G. and R.H. Stroud. 1973. Influence of reservoir discharge location on water
quality, biology and sport fisheries of reservoirs and tailwaters, 1986-1971. US
Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
Medina, A.L. and S.C. Clark. 1988. Stream channel and vegetation changes in sections
of McKnight Creek, New Mexico. Great BasinNaturalist 48:373-381.
Merritt, R.W., K.W. Cummins. 1984. An introduction to the aquatic insects, 2nd
Edition. Kendall/Hunt Publishing Co., Dubuque, Iowa.
Metans, A.R. 1970. The feeding of Baltic Salmon smolts in the river and in the sea.
Journal of Ichthyology 10:89-95.
Milne C.M. 1976. Effect of a livestock watering operation on a western mountain stream.
Transactions of the American Society of Agricultural Engineering 19:749-752.
Montana Department of Environmental Quality, Water Quality Division. 1995. Circular
WQB-7: Montana Numeric Water Quality Standards, Helena, Montana.

I ll

Morisita, M. 1957. A new method for the estimation of density by the spacing method
applicable to non-randomly distributed populations (translation by USDA, Forest
Service, 1960). Physiological Ecology 7:134-144.
Mundie, J.H. 1969. Ecological implications of the diet of juvenile coho in streams.
Pages 135-152 in T.G. Northcote, editor. Symposium: salmon and trout streams.
University of British Columbia, British Columbia.
Murphy, M.L., C.P. Hawkins, and N.H. Anderson. 1981. Effects of canopy modification
and accumulated sediment on stream communities. Transactions of the American
Fisheries Society 110:469-478.
Myers, T.J. and S. Swanson. 1992. Variation of stream stability with stream type and
livestock bank damage in northern Nevada. Water Resources Bulletin 28:746754.
Needham, P.R. 1928. A net for the capture of stream drift organisms. Ecology 9:339342.
Neel, J.K. 1963. The impacts of reservoirs. Pages 575-593 in O.G. Frey, editor.
T im n o lo g y in North America. University of Wisconsin Press, Madison,
Wisconsin.
Newcombe, C.P and D.D. MacDonald. 1991. Effects of suspended sediments on aquatic
ecosystems. North American Journal of Fisheries Management 11:72-82.
O’Connell, P.F. 1990. Policy development for the low-input sustainable agriculture
program . Pages 453-458 in Edwards, C. A., R. Lai, P. Madden, R. H. Miller, and
G. House, editors. Sustainable agricultural systems. Soil and Water Conservation
Society, Ankeny, Iowa.
Odnnv E P 1969. The strategy of ecosystem development. Science 164:262-270.
Peters, J.C. 1967. Effects on a trout stream of sediment from agricultural practices.
Journal of Wildlife Management 31:805-812.
Platts, W.S. 1979. Livestock grazing and riparian/stream ecosystems. Pages 39-45 in 0.
B. Cope, editor. Proceedings: forum - grazing and riparian/stream ecosystems.
Trout Unlimited, Denver, Colorado.

112
Platts,W.S. 1989. Compatibility of livestock grazing strategies with fisheries. Pages
103-110 in R.E. Gresswell5BA. Barton5and J.L. Kershner5editors, Practical
approaches to riparian resource management: an educational workshop. U.S.
Department of the Interior5Bureau of Land Management. Billings, Montana.
Platts, W.S. 1991. Livestock grazing. Pages 389-423 in W. R. Meehan5editor.
Influences of forest and rangeland management on salmonid fishes and their
habitats. American Fisheries Society Special Publication 19:389-423.
Platts, W.S., C. Armor5G.D. Booth5M. Bryant5J.L. Bufford5P.C. Cuplin5S. Jenson5
G.W. Lienkaemper5G.W. Minshall5S.B. Monsen5R.L. Nelson, J.R. Sedell5J.S.
Tuhy. 1987. Methods for evaluating riparian habitats with application to
x
management. USDA Forest Service. Intermountain Research Station. General
Technical Report INT -'221.
Platts, W.S. and R.L. Nelson. 1985. Impacts of rest-rotation grazing on stream banks in
forested watersheds in Idaho. North American Journal of Fisheries Management
5:547-556.
Platts, W.S. and R.L. Nelson. 1989a. Characteristics of riparian plant communities and
streambanks with respect to grazing in northeastern Utah. Pages 73-81 in RE.
Gresswell5BA. Barton5and J.L. Kershner5editors. Riparian Resource
Management. U.S. Department of the Interior5Bureau of Land Management.
Billings, Montana.
Platts, W.S. and RU. Nelson. 1989b. Stream canopy and its relationship to salmonid
biomass in the Intermountain west. North American Journal of Fisheries
Management 9:446-457.
Platts, W.S. and J.R. Rinne. 1985. Rparian stream enhancement and research in the
Rocky Mountains. North American Journal of Fisheries Management 5:115-125.
Platts, W.S. and F.J. Wagstaff. 1984. Fencing to control livestock grazing on stream
banks in forested watershed in Idaho. North American Journal of Fisheries
Management 5:547-556.
Platts, W. S., Megahan5W. F., and Minshall5G. W. 1983. Methods for evaluating
stream, riparian, and biotic conditions. General technical report, INT-138.
Odgen5Utah: USDA5Forest Service, Intermountain Forest and Range Experiment
Station.

113
Rauzi, F., and C.L. Hanson. 1966. Winter intake and runoff as affected by intensity of
grazing. Journal of Range Management 19:351-356.
Rickard, W.H. and C.E. Cushing. 1982. Recovery of streamside woody vegetation after
exclusion of livestock grazing. Journal of Range Management 35:360-361.
Rinne, J.R. 1988a. Grazing effects on stream habitat and fishes: research design
considerations. North American Journal of Fisheries Management 8:240-247.
Rinne, J.R. 1988b. Effects of livestock grazing exclosure on aquatic macroinvertebrates
in a montane stream, New Mexico. Great Basin Naturalist 48:146-153.
Roath, L.R. and W.C. Krueger. 1982. Cattle grazing influence on a mountain riparian
zone. Journal of Range Management 35:100-103.
Rosenberg, D.M. and V.H. Resh. 1993. Freshwater biomonitoring and benthic
macroinvertebrates. Chapman and Hall, New York.
Rosgen, D.L. 1994. A classification of natural rivers. Catena 22:169-199.
Schulz, T.T., and W.C. Leininger. 1990. Differences in riparian vegetation structure
between grazed areas and exclosures. Journal of Range Management 43:295-299.
Shaw, N.L. 1991. Recruitment and growth of Pacific willow and sandbar willow
seedlings in response to season and intensity of cattle grazing. Pages 130-137 in
W. P. Clary, editor. Symposium on Ecology and Management of Riparian Shrub
Communities, Sun Valley, Idaho.
Smith, D.G. 1976. Effect of vegetation on lateral migration of anastomosed channels of a
glacier meltwater river. Geological Society of America Bulletin 87:857-860.
Smock, LA., G.M. Metzler, and J.E. Gladden. 1989. Role of debris dams in the
structure and functioning of low-gradient headwater streams. Ecology 70:764775.
Speaker, R.W., K.J. Luchessa, J.F. Franklin and S.V. Gregory. 1988. The use of plastic
strips to measure leaf retention by riparian vegetation in a coastal Oregon stream.
American Midland Naturalist 120:22-31.
Spence, J.A. and H.B.N. Hynes. 1971. Differences in benthos upstream and downstream
of an impoundment. Journal of Fisheries Research Board of Canada 28:35-43.

114
Stuber, R.J. 1985. Trout habitat, abundance, and fishing opportunities in fenced vs.
unfenced riparian habitat along Sheep Creek, Colorado. Pages 310-314 in R.R.
Johnson, editor. Riparian ecosystems and their management: reconciling
conflicting uses. USDA Forest Service Gen. Tech. Rep. RM-120.
Swales, S., R.D. Lauzier, and C.D. Levings. 1986. Winter habitat preferences of juvenile
salmonids in two interior rivers of British Columbia. Canadian Journal of
Zoology 64:1506-1514.
Thomas, J.W., C. Maser, and J.E. Rodiek. 1979. Wildlife habitats in managed
rangelands - the great basin of southeastern Oregon, riparian zones!. USDA Forest
Service General Technical Report PNW-80.'
U.S. Environmental Protection Agency. 1986. Quality Criteria for Water, EPA - 440/586-001. U.S. Government Printing Office, Washington, DC.
Van Deventer, J.S. and W.S. Platts. 1986. MICROFISH 2.2 . U.S. Forest Service
Research Station. Boise, Idaho.
Van Velson, R. 1979. Effects of livestock grazing upon rainbow trout in Otter Creek.
Pages 53-56 m O.B. Cope, editor. Forum- grazing and riparian/stream
ecosystems. Trout Unlimited, Denver, Colorado.
Vincent, E.R. 1967. A comparison of riffle insect populations of the Gibbon River
above and below the geyser basins, Yellowstone National Park. Limnology and
Oceanography 12:18-26.
Ward, J.V. and J.A. Stanford. 1979. Ecological factors controlling zoobenthos with
emphasis on thermal modification of regulated streams. Pages 35-53 in J.V. Ward
and J.A. Stanford, editors. The Ecology of Regulated Streams. Plenum Press,
„^5X New York.
Ward, J.V. and J.A. Stanford. 1982. Thermal responses in the evolutionary,ecology of
aquatic insects. Annual Revue of Entomology 27:97-117.
Weatherhead, P. J. 1986. How unusual are unusual events? American Naturalist
128:150-154.
Welch, P. S. 1948. Limnological methods. McGraw-Hill Book Company, New York.

115
White, R.J. 1991. Resisted lateral scour in streams - its special importance to salmonid
habitat and management. Pages 200-203 in J. Colt and R. J. White, editors.
Fisheries bioengineering symposium. American Fisheries Society, Symposium
10, Bethesda, Maryland.
Winegar, H.H. 1977. Camp Creek channel fencing; plant, wildlife, soil and water
response. Rangeman’s Journal 4:10-12.
Wolman, M.G. 1954. A method of sampling coarse river-bed material. Transactions of
the American Geophysicists Union 35:951-956.
Zar, J.H. 1984. Biostatistical Analysis, 2nd Edition. Prentice-Hall, Englewood Cliffs,
New Jersey.
Zippin5C. 1958. The removal method of population estimation. Journal of Wildlife
Management 22:82-90.

