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Abstract:

A study was conducted during the 1981 and 1982 summer grazing seasons to determine the effects of
time of livestock grazing on stream channel stability and suspended sediment concentrations for
Cottonwood Creek, a small watershed located on the Red Bluff Research Ranch in southwest Montana.
Eight pastures were grazed in succession for 14 days each from June 14 through October 4, with a
ninth pasture remaining ungrazed as a control. Stream channel stability, soil moisture, stream flow, and
suspended sediment concentrations were monitored during each grazing period. Stream channel
alterations were found to be significantly greater during the early grazing periods (June 14 - August 9),
with Iate-season channel alterations (August 9 -October 14) being not different from the ungrazed
control (P <0.01). Periods of peak channel alterations were associated with high vegetation utilization
rates and were correlated to high soil moisture ("2 = 0.84). Alterations associated with the winter
monitoring periods were 10 to 800 percent greater than alterations directly attributable to livestock
grazing and may be an indirect repercussion of summer livestock activity. No direct relationship
between peak concentrations of suspended sediment and cattle activity was discernible. Peak sediment
concentrations occurred during periods of high rainfall and appear to be a function of erosion from
streambanks altered during the previous season’s grazing. Sediment concentrations were generally
higher downstream of areas exhibiting the greatest streambank instability.
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ABSTRACT

A study was conducted during the 1981 and 1982 summer grazing
seasons to determine the effects of time of livestock grazing on
stream channel stability and suspended sediment concentrations for
Cottonwood Creek, a small watershed located on the Red Bluff Research
Ranch in southwest Montana, Eight pastures were grazed in succession
for 14 days each from June 14 through October 4, with a ninth pasture
remaining ungrazed as a control, Stream channel stability, soil
moisture, stream flow, and suspended sediment concentrations were
monitored during each grazing period. Stream channel' alterations were
found to be significantly greater during the early grazing periods
(June 14 - August 9), with late-season channel alterations (August 9 -
October 14) being not different from the ungrazed control (P < 0.01).
Periods of peak channel alterations were associated with high
vegetation utilization rates and were correlated to high soil moisture
(r = 0.84). Alterations associated with the winter monitoring
periods were 10 to 800 percent greatéer than alterations directly
attributable to livestock grazing and may be an indirect repercussion
of summer livestock activity. No direct relationship between peak
concentrations of suspended sediment and cattle activity was
discernible. Peak sediment concentrations occurred during periods of
high rainfall and appear to be a function of erosion from streambanks
altered during the previous season's grazing, Sediment concentrations
were generally higher downstream of areas exhibiting the greatest
streambank instability.
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INTRODUCT ION

Riparian areas are produétive, yet very fraéiie édosystems which
serve as a focal point of management for the entire watershed,
Although the riparian zone may occupy only about two percent of a
watershed's area (Buckhouse nda), it is in these communities that user
interest is disproportioﬁately high, Managers of virtually every
natural resource discipline focqs their attention on the utilization
of riparian areas, which often results in many usef grgups competing
for a limited resource. The multitude of interests, management
objectives, and values‘expressed by the various groups makes a
conflict ovef riparign aréas inevitable,

One such conflict concerns the effects grazing livestock exert on
riparian ecosystems. The.management goals established by §ildlife
and fisheries biologists to maintain the integrity of riparian habitat
for £errestrial and aquatic qrganisms are occasionally in cOnfliet‘
with the manggement goals of livestock producers, who are marketing
herbage through a ruminant animal and look toffipéﬁian areas as a
highly productive source of forage, watér, shade; and protection
throughout the grazing Season.

In recent years, numerous studies have equated.livestock grazing
with declining riparian ecosystem stability. Although many other
activities can resulp in as much or more degradation of riparian
habitat (Busby 1979, Claire and Storch in press), it is livestock

grazing, because of its high vi;ibility, whieh‘has been implicated as




2.
the principle force contributing to the destabilizatien of riparian
areas (Busby 1979).

Damage traceable to iivestock.grazing occurs when imprqpe;:
m;nagement practices allow livestock to concéntrate in riparian areas
for extended periods of time (Armour 19775. The resulting impacts
genera;ly ocecur as‘destabilized streambanks, altered stream channels,
increased suspended sediment loading, and exceésive vegetation removal
(Behnke and Raleigh 1978; Platts 1981a). The impacts livestock exert
on riparian areas may be obvious immediately, as denuded vegetation
and collapsed gtreambanks, or thé damage may occur as subtle annuai
alterations which can take many years éo detect (Platts 1981a).

Natural reSourcg managers are being pressured to reduce the
impacts livestock inflict on riparian systems, yét a lack of research
pertaining to alternative grazing practices in riparian areas limits
the management options available. Many studies have suggested that
the only management alternative, which is compatible with maintaining
the integrity of riparian habitat, is to exclude or restrict livestock.
use in these areas (Ames 1977, Behnke 1979, Davis 1982, and Platts
1978). However, the restriction or elimihation of livestock access to
riparian areas may be undesirable for the livestock producer as these
areas hay constitute the primary forage base of a pasture and produce-
the only desirable forage during late summer grazing periods.

A number of studies examining the impact livestock exert on
riparian communities have been conducted in recent years., Much of

this research has centered on attempting to establish to what degree

livestock grazing impacts riparian areas and evaluating the
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effectiveness of various grazing methods to reduce-livestock impacts

in these areas. Much of the research to date has been based on

subjective data, which may include only one year's observations with

little consideration given to }he measurement of quantifiable
parameters or to statistical design. Many times these studies have
failed ts consider‘stoeking rates, duration of grazing, or season of
use in anal&sis of data. This results in a lack of pertinent
informatiop on which management decisions could be made. It is in
regard to this fact that the need for more accurate and precise
research bécomes evident.

In response to the need for research concerned with minimizing
livestock grazing impa¢ts on riparian communities, a five-year study
is being conducted by the Montana Agricultural Experiment Station in
eonjunction-with‘Montana State University to degermine the effects of
time of grazing on a series of riparian ecosystem characteristics,: A
portion of this.studyiis to Qiseern that period or periods during the
grazing season (June 15 =~ 0e£oberjh) when livestock-induced streambank
and‘channel instability and suspended sediment loading are minimized.

The principle objectives of this study were: 1) to determine what
time during the grazing seaéon streambanks were most susceptible to

cattle grazing impacts, and 2) to. determine if fluctuations in

suspended sediment.levels occured during periods when cattle were

" present,
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LITERATURE REVIEW

The combined influencés of geologj; climate, soil structure,
geomorphology, vegetation, and water yunoff often result.in unstable
riparian sysﬁems, even in a state unaltered by human activity (Meehan
and Platté 5918% When excessive stress is exerted on~ these
marginally stable systéms through improperly cohtrolled,land
ménageﬁent practices, severe damage ﬁsually results (Meehan and
Platts 1978).

It has been suggested that one of the most destructive forces
influencing riparian ecosystems is long-term overgrazing by livestock .
(Behnke 1977, Davis 1982, Leopold 1975). Townéend and Smith (1977)
and Cépe (1979) have reported that livestock grazing degrades riparian
habitat and subsequently reduceg the productivity of these areas.
Misménagement of livestock can result in animals being concentrated in
riparian areas, thus inflicting some degree of damage on each of the
four major compoﬁénts of a riﬁarian ecdsystem: 1) streamside
vegetation, 2) stream channel morphology, 3) streambank stability, and
}) water quality (Behnke and Raleigh 1978, Ciairg and Storch in press,
Marcuson 1977, Platts 1979, Platts 1981a). |

Streambank veéetation maintains the integrity of riparian areas
by stabilizing streambanks (Meehan, Swanson and Sedell 1977, Winegar
1977), reducing erosion (white and Brynildson 1967), reducing water
temperatures by shading streams (Armour 1977, Bowers et al. 1979,

Platts 1978), and as a source of organic detritus and terrestrial
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+ insects which serve in the food chain of riparian systems (Cummins

1974, Meehan, Swanson and Sedell 1977).

There exists an abundance of literature regarding the effects

¢

livestock exert on ripariah'vegetation (Ames 1977, Boldt, Uresk and
Severson 1978, Bryant et al, i972, Buckhouse nda, Claire and Storch in
press, Crouch 1979, Davis 1977, Evens and Krebs 1977, Hayes 1978,
Knoph and Cannon 1982, Meyers 1981, Pond 1961, Roath 1980, Roath and
Krﬁegef 1982,.Smith nda, Tuinstra 1967, vogler 1978, Winegar 1977).
These studies have reporteq that livestock grazing results in
undesirablg changes in plant succession, community productivity,
species compoSitioq, reproduction, and diversity associated with
riparian areas.

The effects of livestock grazing on riparian vegetation can
generally be termed as negative (bugkhouse nda). As early as 1946,
livestock were reported to concentrateleriparian cémmunities and
utilize the vegetation more intens?vely than in adjacent habitat types
(Reid and Pickford 1946). The impacts of excessive herbage removal in
fiparian areas can be éategorized by vegetation structure:
utilization of herbaceous vegetation and utilization of woody
vegetation (Buckhouse nda).

The primary effect of excessive iivestock grazing on herbaceous
vegetation is the replacement of native bunchgrasses by invader
grasses aﬁd forbs (Dobson 1973, Evenden and Kauffman‘1980, Hayes 1978,
Volland 1978). Graiing has‘been reporped to. increase the number of

undesirable species found in riparian areas (Everden and Kauffman

1980) by opening up the vegetation and creating niches in which
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ruderal species may become established (Dobson 1973, Hayes 1978).
Information regarding productivity of étreamside vegetation, aé

influenced by grazing is conflicting (Buckhouse nda). Numerous

studies have reported decreases in productivity due to iivestock

grazing (Duff 1979, Gunderson 1968, McClean, Nicholson and Ryswyk.

1973, Marcuson 1977? Pond 1961). However, Roath (1980) and Volland
(1978) found livestock grazing'had no significant affect on biomass
' production and Kauffman et al. (in press) ob;erve& greater production
in grazed communities over similar'uhgrazed areas,

The effects of herbivory on shrub and free production and
reproduction is a critical impact ?o riparian ecosystems (Buckhouse

nda). Marcuson (1977) found ,shrub production to be 13 times greater in

an ungrazed area than in a severely grazed area., Carothers (1977) and

Glinski.(1977) report that excessive grazing pressure prevents the
establishment of seedlings or suckers resulting in communities wﬁich
are even-aged and non-reproducing. Vogler'(1978) found light
browsing may stimulate sprouting of riparian woody 'species, yet,
persistent livestock use can result in the eliminatioq of woody
species (Crouch 1979).

Season of use appears to have an affect on the abilify'of
riparian vegetation to withstand grazing pressure. Claire and Storch
(in press) and Roath (1980) in Oregon have shown late-season graziﬁg
has little impact on eifher herbaceous or woody riparian vegetatién;
while Myers (1981) concluded that livestock use of riparian habitat in

the spring is more conducive to shrub survival than during the "hot

period® of late summer.
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Perhaps the greatest impact of excessive livestock grazing in
riparian coﬁmunities is the subsequént destabilization of streambanks
following vegetation removal., The first sign. of riparian damage, as a
result of livestock activity, wilf occur as reductions in vegetative
cover and a subsequent increase in streamban# and stream channel
instability (Platts 1981a, Skolvin 1967). ‘Studies by Berry (1978)
Hayes k1978) and Winegar (1977) all indicate that accelerated
streambank undercutting occurs after excessive vegetation removal by
livestock. Platts (1981b) reported less stable streambanks qhen
utilization rates were 65 percent or greater, while utilization rates
of 25 percent or 1ess-resulted'in little or no streambank damage.
Similér results ﬁere presented by Hayes (1978), who reported increased
streambank instability after vegetation‘utilization-raies exceeded 60
percent. Cooper (1979) étates that streambank damage may be
independent of animal numbers though and that it does not take full
utilization of streambank vegetatién to seriously damage sensitive
banks, '

The impact of livestock grazing on stream channel morphology and
streambank stability varies depending upon the nature of the stream
being studied (Buckhouse nda), It has been suggested that streambank
susceptibility to livestock.impacf may be dgtermined by soil stfucture
and bank rock content (Behnke and Raleigh 1978; Cooper 1979, Gunderson
1968, Marcuson 1977, Platts 1979). Cooper (1979) states that banks
contaihiné a higher percentage of rock significantly impede ungulate

damage, Streambanks with low percentages of bank rock as well as soils
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with sandy textures are reported to be highly susceptible to trampling
damage (USDI 1978).

Numerous studies have reportgd the effects of livestock trampling;
on soil cdmpacfion.and soil disturbance (Aldérfer and Robinson 1979,
B;yant et al. 1972, Orr 1960, Rauzi and Hanson 1966, Roath 1980).
Roath (1980)_states that the greatest impact livestock exeft'on
riparian areas is trampling dagage and he notes thgt the amount of
impact appears to be dependent upon soil moisture, Coopep (197§)
speculated thét’moisture frozen in streambénké may supply the soil
with sufficient suppoft to withsﬁand hea?y weight,

Livestock grazing has been shown to alter stream channel shape,
resulting in channels which areétypically wider and shallower than
comparable areas not being grazéd'(Arméur 1977, Duff 1979, Gunderson
1968, Kauffman et al, in press, Marcuson 1977, White and Brynildson
1967). A stream channel receiving heavy grazing pressure from‘sheép
was reported by Platts.(1981b) to be four times as wide as an area
receiving light érazing. Kauffman et al. (in press) found a riparian
system grazed under a stocking rate of 2.5 ha/AUM lost over three
times as much streambank as an ungrazed control area,

Howevér, these findings conflict with those .reported by Buckhouse
et al, (1981), Hayes (1978), and Roath (1980). Hayes (1978) found
fewer changes in streambank shape within éastures being grazed by
‘cattle tﬂan in pastures which receive no grazing. Both Buckhouse
Skolvin and Knight (1981) and Roath (1980) report insignificant
streambank alterations following livestock grazing in Oregon. They

surmize that the naturally occurring impacts of water flow (Roath
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1980) and ice damage (Buckhouse .et al. 1981) resulted in more chénnél
alterations than were contributed by cattle. Buckhouse (1980)‘s§ates
it is accepted that livestock do impact streémbanks, but it is,
important to quantify how-ﬁuch of the démage is in excess of naturally
occurring changes.,

Trampled streambgnks have been reported‘to increase overland
water and sediment flow, resulting in higher suspended sediment levels
in streams (Armour 1977, Johnson et al. 1978). Rosgen (1975) feports'a
good cprrelation between streambank stability, water flow and
suspended sediment levels, Rosgen's relationship is based on the
assumppion:that a given water d;scharge can transport'a‘set amount of
sediment in suspension and the availability of sediment is depéndent
upon streambank stability. As Sank damage increases, sediment levelé
also increase (Cooper 1979). | |
| Increased levels of suspended sediment in the water column have
'been identified és thé most daméging impact.li;estock have on stream
productivity (Armour 1977, Duff 1979). Berry (1978) and Cordone and
Kelley (1961) found that suspepdéd sediment decreases a stream's total
organism‘productivity. Nuqerous studies have indicated that
overgrazing by livestock may result in increased suspended sediment
levéls and increased levels of sediment in the streambed, resulting in
reduced fish biomass production and lowered salmonoid numbers within
the fish population (Armour 1977, Behnke and Raleigh 1978, Bowers et
al. 1979, Claipe and Storch in press, Cordone and Kelley,T961,'Duff

1979, Gunderson 1968, Marcuson 1977).
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l'There is.general agreement among aduatic biologists that the
introduction of particulate matter into a body of water can result in
adverse ecological consequences (Cairns-1968). There is,bhowever,:a
lack of agreement as to the amount of suspended sediment which can be
assimilated before threshold values for aquatic organisms are reached:
(Cairns 1968, and Hoak 1957). McKee and Wolf (1963) state that water
containing suspended sediment levels of 80 mg/l is not harmful to
aquatic organisms, Peters (1962) reported that levels of 260 mg/l
were found to inflict 75% mortality for incuba£ing embryp rainbow

trout (Salmo gairdneri), Herbert and Merkins (1961) reported

suspended sediment concentrations of 30 ppm (parts per million) having

.no adverse efféct on aquatic organisms yet levels of 270 ppm resulted

in a 50 percent death rate among the salmonoids being monitored. 1In
contrast, a'study by Benoit, Céirns and Reimer (in press) reported
young salmon could tolerate o&e; 120 hours in as much sedimenf as
could be kept in suspension by vigorous aeration. Reported lethal
levels of suspended sediment for salmonoids fange from 75 ppm to
270,000 ppm (Wallen 1951). |

Although aquatic organisms can survive in water within a wide

range of suspended sediment levels (Cairns 1968), if is the loss of

spawning areas and food which may be most detrimental to their

,survival (Cairns 1968)., Cairns (1968) noted that. invertebrate

organism production is substantially lower in sand and silt thaﬁ,in
rubble and gravel. When inorganic sediments cover rubble and gravel,

fish food and spawning areas are destroyed.
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Livestock have been implicated as the principle source of
increased sediment levels,in stneams (Cooper 1979, Busby 1979, Platts
1978, Winegar 1977). Yet; studies;by Gary, Johnson and Ponce (1983) .
and Johnson et al. (1978) have indieated little correlation between
livestock activity in riparian areas and the large concentrations of
suspended sediment recorded in the'stream they were monitoring, Both
studies concluded that, although livestock activity did result'ina
slight increase in suspended sediment levels, the amounts were
insignificant relative to naturally occurring concentration& ‘Peak
sediment coneentrations were recorded during pehiods of high water

flow in both the grazed and ungrazed reaches of the stream (Johnson et

al. 1978), and they felt.it was apparent that these high

concentrations originated upstream of the study site with the cattle
contributing insigniiicant amounts of additional sediment.

Recegniz1ng and understanding the impacts livestock exert on
streamsides is a prerequisite to formulating riparian management plans
(Claire and Storch in press). then, what is found to be good range
management is not good riparian management (Platts 1979). Methods for
improving riparian zone management to reduce liuestock danage include:
exclusion of livestock, alternative grazing methods, changes in the
class of livestock, and managing riparian areas as special-use
pastures (Buckhouse nda);

Several studies, reported by Buckhouse et}al.(1981) evaluated
various grazing methods for their compatability with the objectives of

both livestock and wildlife managers of riparian areas, Some grazing'

methods have shown potential for preserving riparian wildlife habitat,
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with rest-rotation achieving the most success (Davis 1982, Claire and
Sforch in press, Hayes'1978, Kimball and Savage 1977, Swan 1979).
Drawbacks of rest-rotation and other grazing methods includes |
increased trailing along fence'lines, concentration of livestock in
riparian areés, increased trampling damage, and streambank instability
(Ames 1977, and Meehan and Platts 1978). No widely-used grazing method
has been observed to be compatible with the objectiveé ofhall riparian
.ecosystems user groups (Ames 197+gland Meehan and Platts 1978).

Tota} éxclusion qf livestock from riparian areas, as recommended
by Ames (1977), Dahlen (1978), Davis (1982) and Platts (1978), has ‘met
with marginal benefits (Volland 1978). Although some success in
restoring damééed riparian areas has been achieved by excluding
livestock (Behnke 1979, Davis 1977), Volland (1978) reports that a
riparian area exéluded from livestock grazing for eleven years was
found t§ produce less vegetative biomasé than an area being grazed.
Also,'politics, fundiﬂg, personnel constraints, and conflicting
résourcé demands make livestqck exclusion an unacceptable alternétive
for resource managers (Davis 1982).

Fencing riparian areas separately into special management
pastures may be a successful multiple-useu system of riparian
management (Kauffman et al., in press). Studies by Johnson (1965),
Kauffman (1982), Pond (1961), and Roath (1980) all reported reduced
livestock damage to riparian areas when grézed late in the-season.
Cooper (1979) suggests that late fall grazing may have been conducive
to reducing streambgnk damagé on riparian areas in Wyoming, Further

study is necessary relating to the effects of time of grazing on
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i
ripariah ecosystems in establishing proper riparian grazing practices

(Platts 1981b).
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SITE DESCRIPTION

This study was initiated in 1981 on the north fork of Cottonwood
Creek, a tributary of the Madison River in southwest Montana.
Cottonwood Creek is located in the foothills of the Madison Mountain
Range and drains a small watershed of approximately 1360 hectares

(Figure 1). The Cottonwood watershed is situated 16 kilometers

Figure 1. View of the Cottonwood Creek Drainage Taken From
the Center of the Study Site Looking South.

southeast of Norris, Montana on the Montana Agricultural Experiment
Station's Red Bluff Research Ranch (Figure 2).

Cottonwood Creek
Cottonwood Creek is approximately 4 km in length and flows

northeast where it joins the Madison River in Beartrap Canyon.
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Figure 2. Montana Agricultural Experiment Station's Red Bluff

Research Ranch in Southwestern Montana showing Location of
Study Site.

MONTANA
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Topography of the watershed is characterized by moderate to steep
slopes, (Figure 3) with elevations ranging from 2000 meters at
the headwater spring to 1400 meters where the creek flows into
the Madison River. The creek is bordered on the south by a steep
ridge with slopes of 30 to 50 percent and on the north by rolling
hills with 15 to 30 percent slopes. At its source, Cottonwood
Creek is situated in rolling terrain with a wide riparian zone.
The riparian area becomes considerably narrower as the creek
flows towards its confluence with the Madison River. Cottonwood
Creek issues from a large perennial spring with numerous small,
perennial and intermittent springs feeding laterally into the
channel along its entire length. The south fork of Cottonwood
Creek merges with the north fork of Cottonwood Creek approxi-
mately | km upstream of its confluence with the Madison River.

Figure 3. The Topography of Cottonwood Creek is Characterized
by Moderate to Steep Slopes.



)

17
Stréam‘morphology of Cottonwood Creek is highly variable over its
entire length. The -creek flows over a relatively level gradient for
the initial 1.5 km below the headwater spring with the gradient
becoming gradually steeper over the remaining 2.5 km. A level portion:
of the creek approximately f‘km downstream from the headwater spring

was chosen for the study site, The creek flows along a 13 percent

gradient throughout the study area,

The stream bottom within the study site has a substrate of fine
gravel covering the eenteﬁ channel and sand and silt alongvthe yater
column - streambank interface., Scatéered séctions of the stream are
covered with deposits of small rubble'and coarse gravel. Stream flow
dischérgg as measured at the downstream end of the study area, varies
considérably‘within season. Flow values range from 0.03 m3/se9 in
June to' 0,01 m3/sec in September., Channel width and depth vary
throughout the study site, "Maximum channel width between banks is
approximatély 8 meters with a maximum depth of approximately 1.6
meters from the bank edge to stream bottom, The narroﬁest-section of
the channel is 1.1 meters and shallowest'sectioﬁ is 0.21 meters.
Cottonwood Creek is predominantly riffles, with pools being less

prevalent. The primary source of debris within the creek channel

_results from fallen trees and.branches., The banks are primarily

formed of deep sandy-loam soil with little or no _bank' rock,
Soils

Soils of the Cottonwood Creek drainage are formed from hard,
coarse-gra;ned metamorphic rock, The metamorphic rock is composed of

a complicated suite of rock typeé° These include granite and
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amphibole grieiss, amphobolite, schist, quartzite, and marble (Veseth
and Montagne 1980). ,The metamorphic rocﬁ weathers into coarse,
sandy-loam soils, which are well-drained and susceptible to erbsionl
problems (Veseth and Montagne 1980)., The sﬁudy>si£e is comprised of
soils developed from colluvium and'allhvium. Three soils are found on
the study site (Figure 4).. The north and south facing slopes are
composed of colluvium deposits. The nofth facing slopes are comprised
of:loamy-skeletal, mixed Tfpie Cryorthents, while the south=facing
exposureé are a loamy-skeletal, mixed Typic Cryoboroll. Thé alluvial
riparian zone is a fine-loamy, mixed Argic-Cryoboroll. The wéter
table in the riparian zone varies from a few centimeters to
approximately one meter below the soil surface, '

Stréambank soil textures vary albng tﬂe‘length of ﬁhg strean,
The predominant soil texture is sandy-loam, with some areas of loamy-
sand and loam.

Climafé

A National Oceanographiec and Atmospheric Administration weather
reporting station is 1ocatéd'at the Red Bluff Research Station
headguarters,

The Red Bluff area has a frost-free period laéting 75 to 100
days. During the 5982 grazing season, temperatures ranged from a high
of 31°C to a low of -éOC. The study site receives between 400 mm and
510 mm_of precipitation annually, inciuding 1,260 mm of snow. The
snow collects in large drifts on the north slopes of the drainage and

persists until early May. Up to 40 percent of the annual

precipitation falls during the months of May and June while the period
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Figure 4. View of Cottonwood Creek Indicating the Location of Three
Soil Pits and Their Respective Soil Classification.

Fine-loamy, mixed

Arole Cryoboroll
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of minimum moisture aecumul'ation occurs from November until February
(NOAA 1982)..

Vggetation

Vegétation along Cottonwood Creek is ‘highly variable, Based on'
criteria established by Claire and Storch (in press), three different
vegetation zones border Cottonwood Creek. At the headwaters, a
sagebrush/grassland zone bor:ders the creek 'chanriel, while Qithin the
study area, an aspen/grass/‘f‘orb.vegetfatfion ‘zone forms the dominant
riparian component. The lower r',eaehezs of Cottonwood Creek are
bordered by a mixed broadleaf shrub/coniferous tree zone. Using the
predominant species of vegetation, several lvegetati’ve types can be
described within the aspen/grass/forb vegetative zone found on the
study site (Mon{:ana State Rural Areas Develnopment Committ’e_e 1982)
(Appenaix A).

However, for the purposes of this study, vegetétion types are.
collectively referred to as either upland or riparian communities.
The riparian community is comprised of the aspen, aspen/willow, bog,
meadow and str'eTamba'nk vegetation types while the 1'1p1and community is
coxﬁpc':se‘d of upland/grasslland, sagebrush and aspen park vegetation
types. ‘

The riparian communities are dominatj;ed by Canada bluegrass (Poa
compressa L.), redtop (Agrostis stolomnifera L.), Timothy (Phleum
pratense L.), smooth brome (Bromus ig'errgj,@ Leyss.), beaked sedge
(Carex rostrata Stokes), S.‘prengel's sedge (Carex sprengelii Dewey),

white clover (Irifolium repens L.) with an overstory of quaking 'aspen

(Populus tremuloides Michx:.), willow (Salix spp. L.), chokecherry
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(Prunus viréinianaln), and swamp gooseberry (Ribes lacustre (Pers.)
Poir.). ' | |
The upland communities are coﬁposed of‘Canada bluegrass, green

needlegrass (Stipa viridula Trin.), needleandthread (Stipa comata

Trin., & Rupr.), western wheatgrass (Agropyron smithii Rydb.), and’

Idaho fescue (Festuca idahoensis Elmer) with scattered dense stands of
mountain big sagebrush (Aﬁtemisia~t;;dent§ta subsp. vaseyana (Rydb.)
Beetle) interspersed with woods rose (Rosa woodsii Lind L.) and Rocky
Mountain juniper (Juniperus scopulorum Sarg.).

Both the upland:and riparian communities have populatidqs of
several introduced species, These include: houndstongue (Cynaglossum
officinale L.), spotted knapweed (Centaurea mgguléga Lam.), tall
larkspur (Delphinium occidentale Wats,), Canada thistle (Ciricium
avarense (L.) Scop.), and cheatérass brome (Bromus tectorum L.).
Study Site

The Cottonwood Creek study site was selected for its uniformity
of vegetation, soils, slope and stream mﬁrphology. Nine 0.5 ha
pastures were cpnstructed on the site to provide eigﬁt pastures for
grazing treatments and one pasture fop an ungbazed‘control. Each of
the pastures contains approximateiy equal proportions of riparian and
upland communities (Figure 5). The pastures are numbered
consecutively one through ning,-beginning ﬁith theipasture furthest
downstream, '

Pastures one through eight receive annual, fourteen-day grazing
treatments. Grazing is initiated in pasture one during the second

week of June each year (Figure 6). Upon éompletion,of a grazing
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Figure 5. View of Pasture 5 Showing Upland and Riparian Community
Types.

Figure 6. Diagramatic View of Pasture Layout and Grazing Schedule
Used During the 1981 and 1982 Grazing Seasons.

GRAZING SCHEDULE

1:JUNE 14 - JUNE 28

2 1 JUNE 28 - JULY 12

3 :JULY 12 - JULY 26

4 1 JULY 26 - AUGUST 9

5 1 AUGUST 9 - AUGUST 23

6 : AUGUST 23 - SEPTEMBER 6
7 : SEPTEMBER 6 - SEPTEMBER 20
8 : SEPTEMBER 20 - OCTOBER 4

9 : UNGRAZED
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period, the cattle were moved to the adjoining upstream pastﬁre to
avoid confounding of water quality data with previous activity. Each
pasture was grazed during the same period annuaily to monitor 
cunulative yearly effects,
cattle

Four yearling heifers.were used to provide a moderate Stockiné
rate, Spayed Hereford-Angus—Térentaise cross heifers weighing an
average 232 kilograms were gsed during‘thg 1981 season and Hereford
heifers averaging 194 kilograms were used during the 1982 season.
Both groups originated from the Montana State University, Bozeman
Livestock Center and spent their first year in pastures and feedlots
at the center, The heifers had no previous experience graziﬁgc:pen
rangeland or riparian communities,

It should be noted that the Cottonwood Creek study site was once
'part of the Cottonwood grazing unit for the Red Bluff Research Ranch,
This drainage receives yearly heavy grézing use from cattle, sheep
and occasionally horses. In the past, grazing has occurred only
during the summer and autumn with no use recorded during the winter.

The site was afflicted<with various levels of‘livestock impacts prior

to the initiation of this study.
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METHODS

Stream Chanpel Stability

Streambank stability was monitored at forty-five permanenU
transects located along the creek channel as it flows through the
study(site, Five transects, positioned perpendicular to the channel,
were located ;n each pasture, The transects were numbered
consecutively 6ne through forty-five, beginning in the downstream end
of pasture one and terminating in the upstream end of pasture nine,

Transect locations within each pasture were determined by
positioning the first transect at a randomly selected distance of one
to five meters from the downstream cross-=fence. The remaihing four
transects were evenly distributéd at ten-meter intervals along the
remaindér of the creek within that pasture. The channel area had
peceiyed heavy livestock use prior to the initiétién of this study,
and much of the streambanks were alread& at'various levels of
instability. Areas showing éxcessive pre=study livestock=related
impacts were avoided when positioning the channel transects. 1In
situations where a transect line would have intersected a.severeiy
damaged streambank, the transect was repositioned immediately upstream
of the damaged ahéa. Transects were also not placed in areas
subjectively determined to be inaccqs&ible to cattle. Therefore,
dense stands of willow and swamp gooseberry were avoided.

The endpoints of each tfansect were permanently marked with steel:
or wooden pegs positioned above the highwater mark at a minimum of 0.5

meters from the streambank edge. Locating the transect endpoints 0.5
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m from the bank edge was done to brevent their Iosa to streambank
sloughing and to ensure the entire channel, which may be subject to
cattle impacts, is bisectqd"by the transect line. | |

The ;ength of each transect line véried depending upon.thé
morphology of the channel, Portions of the creek with steep banks and
a narrow channel were characterized by §horter pransects, wﬁile
sections of the éhannel which wefe dish-shaped generally resulted in
longer bransecé Iines,

Each transect. was measured along two axes: 1) horizontél and 2)
vertical., A nyion meter tape was stretched and‘leveled between the
two permanent transect endpoint stakes to represent the horizontal
axis. The heights of the metér tape on the endpoint stakes'were
recorded and then used in future transect readings to ensure
consistency between megsurements. A meter stick held_perpendicular to
the nylon meter tape was used to provide a scale for the vertical axis
{Figure . '

The horizontal meter tape was used as a baseline from which
vertical méasurements are made to‘the stream channel. Measurements of
the stream cﬁannel were taken at ten-cm intervals along the baseline
tape, The distance between the baseline tape and the channel was
fecorded to the nearest centimeter (Figure 8a). The shaded portion of
Eigure 8b represented the cross-sectional area of that portion of the
creek.. |

Measurement of the water depth was conducted by recording the

vertical distance between the baseline tape and the water surface,




26
followed by a measurement of the distance from the top of the water

column to the streambed.

Figure 7. Channel Measurements Were Taken Using a Horizontally
Stretched Meter Tape and Vertically Held Meter Stick.

Changes in stream channel stability were recorded following three
monitoring periods: 1) the 1981 grazing season, 2) the 1982 grazing
season, and 3) the winter of 1981-1982.

Each transect was measured in springtime before the first grazing
period. Transects within a pasture receiving a grazing treatment were
remeasured immediately upon completion of the grazing period.
Transects located within the control pasture were measured in the

spring prior to the first grazing period and in the fall after
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Figure 8a. Measurements Were Taken to the Nearest Centimeter Along

the Horizontal Plane and at Ten Centimeter Intervals
Across the Vertical Plane.

STREAM CHANNEL CROSS-SECTION
MEASUREMENT

Figure 8b. The Transect's Cross-Sectional Area is Represented by
the Shaded Portion of the Illustration.

STREAM CHANNEL CROSS-SECTION AREA
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complepion of the last grazing period. A representation of the stream
channel configuration before and after each grazing treatment waé
derived from‘the transect measurements, allowing a determination of
relative amounts of channel alteratiohs which occurred during thel
g?azing period. |

Changes in the stream channel which occurred during the winter
between the 1981 and 1982 field seasons were determined by comparing
the channel eonfigurations after completion of the 1981 grazing .
treatments and the pre-grazing'measureménts_of the 1982 season,

Stream Flow Discharge

Five water sampling points, desigﬁated A, B, C, D and E were
located immediately downstream of pastures 1, 3, 5, 7 and 9,
respectively (Figure 10). Water flow and suspended sediment were
monitored at each of these stations,

Water stage was measured continuously using Stevgné Type~F Level
~Recorders mounted oﬂ Parshall flumes (Figure 11). Two sizes of
Parshall flumes were used in the study. Flumes witﬁ three—inch'throat
widths, having a capacity of one cubic foot per sécond, were.used at
stations B, C, D and E, while a six-inch flume with three cubic feet
per second capacity was lécated at station A, The larger flume at
station A was required to accomodate peak flow levels encountered
during spring runoff,

Thé Stevens recorders ﬁéasuré water stage'on‘a continuous basis,
Recoraer strip charts were reblaced every 14 days in conjunction with.

completion of a grazing period and the subsequent movement of cattle




Figure 9« Diagramatic Sketches of Each Transect Before and After Grazing Were
Produced Using the Channel Measurement Data.

RIPARIAN GRAZING STUDY
COTTONWOOD CREEK
RED BLUFF, MONTANA TRANSECT 19
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Figure 10. Diagramatic Illustration of Pasture Layout Indicating With
Black Squares the Location of Water Sampling Stations.
Each unit is 0.5 hectare.

PARSHALL FLUME AND SUSPENDED SEDIMENT COLLECTOR
LOCATIONS

Figure 11. Parshall Flumes and Stevens Type - F Continuous Recorders
Were Used to Measure Stream Flow.
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to an adjoining pasture, Séream flow dischérge was monitored froﬁ
mid-May until mid-October of éach field season,

Water flqw charts weré analyzed‘using a computerized digitizer to
determine average stage during a collection period. Tﬁe average water '
depth information was used to determine total cubic meters of water
passing through a station during the collection period following
procedures outlined in the Stevens Water Resources‘Data Handbook
(1975). The informatiﬁn was theﬁ converted to be expressed és water
dischérge in cubic meters per.-second. This was done to present the
data in a format compatible with ofher published water quality
studies reporting suSpeqded sediment concentrations,

Suspended Sediment | | |

In this study. suspended sediment concentrations were sampled
using modified single stage suspended sedimént sampler (InferuAgency
Committée on Water Resources 1983). The modified unifiis designed to
sample contiguously é_portion of the water column. Accuracy of the
sampler was determined by diverting and capturing the total water
column'and evaluating the total grams of sedimenﬁ per unit volume of
wéter. This was compared to a collection made by the sampler units,
This procedure was repeated four times.

Results indicate considérabie acéuracy of the sampling units,
Average total céncentrations of sediment from the entire water column
were 33.0 mg)l. while the samp;er units colleéted an average
concentration of 32.0 mg/l. No difference was noted between the total

collection and sampler collection using an Analysis of Variance test

(P2 .01).
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Suspended sediment samplers w;efe located at each water sampling
station.. The ;amplers used: in this study were mddit‘ied single-stage,
U.S. U=59 suspended sedimlent, sampler (}Intér-Agehcy Committee on Water
Resources 1963). A battery of four sediment collections is located
with each Parshall flume (Figure 12).

The samplers consi§ted of a 500 ml settling bottle fitted with a.
r'tibber' stopper and two tubes which served as intake and exhaust ports
(Figure 13). An intake port'was connected by plas-stic tubing to a
collection point positioned within the diverging outlet séction of the
Parshall flume. As water flowed through the tubing into the bottle,
suspended sediment settled 6ut in the bottle and sediment-free watef
exited through the exhaust port. This design allowed water to flow
through the system permitting continuous saxhpling. The samplers were
able to collect sediment in the size range of 63 um to 500 um in 'size,
Particle sizes smaller than 63' im will not settle out of suspension in

the settling bottles and particles larger than 500 pm will generally

not be carried in suspension in a creek with low flows (EPA 1979).
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Figure 12. Diagramatic Views of Water Sampling Station Indicating
Location of Suspended Sediment Samplers.

STEVENS RECORDER

SETTLING BOTTLES

IO FLOW

PARSHALL FLUME

SIDE VIEW

SETTLING BOTTLES

FLOW

COLLECTION POINTS

TOP VIEW



34

Figure 13. Modified Collection/Settling Bottles Containing Intake and
Exhaust Ports to Allow for Continuous Water Flow.

EXHAUST PORT
INTAKE PORT

500 ml

The collection points, positioned within the diverging outlet
section of the Parshall flume, were a series of 0.64-cm diameter copper
tubes set at four heights. The collection points were numbered one
through four and were positioned in a vertical array at set distances
from the flume bottom. Point | was 23 cm from the bottom, point 2 is
12,5 cm, point 3 is 7.5 cm and point 4 is 2.5 cm above the flume
bottom.

Suspended sediment was collected continuously from early June
until mid-October. Settling bottles from all five sampling stations

were replaced every fourteen days upon completion of a grazing period.
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The sediment samples collected during each gfazing period were
dried for 24 hours at 50°C. The dried‘materiai was weighed tﬁen ashed
for 12 hours at 500°C in a muffle furnace, after which the material
was rewgighed to determine the amount of mineral aﬁd organic matter in
each sample,

To present sediment data on a gram-per-cubic-meter-of-water-
“basis, it was necessary to,determine-what proportion of the water
colump is actually sampled. This value was then used to interpolaté
the total amount of suspended sediment being transpofted by the water
column during the fourteen-day collection period. A computer program
was written, under the guidancehéf Dr. John E. Taylor (1983) of the
Departmeﬂ£ of Animal & Range Sciences; Montana State University, to
calculate sediment transport from the total water flow collected
during a sampling period (Appendix B). The program caiculated
sediment transport by inputting average stage height, total water
flow, and total grams of sediment collected during a sampling peﬁiod.
Soil Moisture

Soil moisture was measured using a Troxler neutron probe. Access
tpbes were located in pastures 2, 4, 6, 8 and 9 along transect lines
set perpéndicular to the stream channel. Each transect line contains
four access tubes., Two tubes were positioned in the uplands and two
others on either side of the streambank for each transect line (Figure .
14). Soil moisture was recorded at depths of 15 cm, 30 cm, 45 cm, 60
em, 75 cm and 90 cm, High water tables in certain locations resulted

in some tubes not being measured at all six depths during the field

season,
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Figure Vi. Neutron Probe Access Tubes Were Positioned in the Upland
and Along the Stream banks. Soil Moisture Measurements

Were Taken at 15, 30, 45, 60, 75, and 90 Centimeter
Depths.

MEASURED DEPTHS
NEUTRON PROBE
15 ¢cm

ACCESS TUBE LOCATIONS 30
45
60
75
80

UPLAND STREAMBANK UPLAND

Measurement of soil moisture was initiated in early-June and
continued throughout the grazing season at fourteen-day intervals to
coincide with completion of each grazing period. The last soil
moisture reading was conducted fourteen days after completion of the
last grazing treatment. Soil moisture was recorded at all twenty
access tubes on each sampling date. Access tubes were not established
for pasture 9 until the 1982 field season.

Neutron probe data was analyzed using standard procedures
outlined by Taylor (1972).

Vegetation Utilization

The amount of herbage removed from a pasture during a grazing
treatment was estimated at the end of that grazing period using the
cage comparison method following procedures described by Brown (1954).

Utilization was determined at sites randomly selected within the
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various vegetation types found in a paspure. The sites were protected
for sampiing with twelve T m x 2 m x 1 m grazing utilization céges.
The number of cages placed in each vegetation type were subjectively
determined based on the size 6f that type. Sampling consisted of
clipping vegetation (to a height of one cm,) within a-0.25 square
meter plot frame beneath the utilizafion cage. A complimentary plot
was clipped within one to two meters outside the utilizatibn cage.
The vegetation was sepérated by species and dried to a conétant‘weight
to express produétion estimates - on an oven-dry pasis.

The percent of vegetation utilized during a grazihg period was
determined by the relation:

% utilization = P-G_ x 100%
P

where P equals the oven-dry weight of vegetation clipped from
protected plots and G is the ovgn-dry weight of vegetation clipped
from grazed plofs. " The percent utilization‘for each species was
determined and then compiled by vegétation type. ‘Utilization qf the
different vegetation types was pooled into upland or riparian

community classifications,
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RESULTS

In the following sections, paééure numbers and grazing périod
nqmbers are used synonymously toffacilitate graphics and data
presentation;

Stream Channel Stability

Changes in stream channel area were found to be either positive -
or negative values, Positive valuesicorresponded to an increase in
channel are€a, while negative values represented a decrease in area,
In compiling total changes incurred by a stream section during a
moniﬁoring period, absolute values were used. This procedure was
instituted to eliminate the counteracting effects of summing negative
and positive values, which could resu;t in an underestimation of total
stream channel alferations.

Total stream chanﬁel alterations derivea for each pasture during

- a respective monitoring period are illustrated in Figures 15, 16, and
17. Pasture numbers are represented on the horizontal axis and stream
channel changes in square centimeters are displgyed on the ver£ical
axis., i

Stream channel alterations which occurred during the 1981 and

1982 grazing'seéson monitoring beriods are presented in Figure 15,

During Both the 1981 and 1982 grazing.seasons, stream chgnnel

alterations were significantly greater (P < 0,01) during the first
half of the grazing season (June 14§ - August‘9) than during the last

half of the season (August 9 - October 4). Pasture 2 (Juney28 - July

12) exhibited the greatest level of relative change during both the
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Figure 15. Change in Stream Channel Area (cm2) Observed During the
1981 and 1982 Grazing Seasons.

P<0.0 1 198 |

1982

in CHANNEL AREA (cm2)

CHANGE

PASTURE
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1981 and 1982 gfazing seasons and was significantly different from all
other pastures.

| Pasture 8 (ﬁeptember 20 - October 4) represented the grazing
period showing the least amount of stream channel alteration. It was
significantly different from pastures 1 throﬁgh L, yét channel
.alterations in pasture 8 were approximately equal to (1981) or
slightly lower (1982) than the channel alterations recorded in the
ungrazed control pasture 9,

The relative amount oﬁ stream channel alterations expressed
within each pasture appears to be consistent from year to year,
Channel alterations from 1981 were not significantly different frbm
those recorded for the same pasture during the 1982 grazing season,

The 1981 "and 1982 stream channel altergtion data were
collectively analyzed using a linear regression to determine if a
trend in channél alterations exists, Calculations produced a négative
slope:

Y= =-0.41 X +74.96
indicating a decreasing trend in channel alterations from early to
late in the season,

Figure 16 represents the stream channel alterations which
.occurred during the winter of 1981-1982 monitoringfper'iod° Relative
changes ;n channel area were greatest in pastures 1 and 2 and lowest
in pastures 8 and 9. However, there was no significant difference in

channel alterations among the pastures.
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Figure 16. Change in Stream Channel Area (cm2) Observed Following the
Winter of 1981-1982.

P<0.01

CHANGE IN CHANNEL AREA (cm?2)
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Liﬁear regression analyses of winter data produced.a negative

slope: '
Y = -0.66 X +77.94
indicating a decline in damage from early to late grazed p;stures.

Channel alterations recorded during theAwinter of 1981-1982
monitoring period were found to be 10 to 800 percent greatér than the
stream channel changes. recorded during the grazing seasons of 1981 and
1982,

The total_stream channel changes which occurred during the two-
year study -were détermined by comparing the channel areas recorded
before the 1981 grazing season to the channel areas recorded at the
end of the 1982 grazing season. These results are présented in Figure
17. The graph shows that the degree of stream channel alterations
gradually decreases as the season progresses in a pattern similar to
the yearly grazing season changes.

Pasture 2 again showed the greatest levels of channel alterations
and was significantly different from all the other pastures, Pastures
7 and 8 both indicated less channel alterations than did the ungrazed
control pasture, 9. A linear regression test of total channel
alterations produces the eduation: |

Y = -1.,56 X +137.30
indicating a decreasing trend in changes of channel area from pasture
1 through pasture 9.

As previously mentioned, changes in channel area are denoted by

positive or negativé values indicating eithef'an increase or decrease

in chanﬁel area, Analysis of the direction of change shows little
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Figure 17. Total Change in Stream Channel Area (cm2) Observed From
the Spring of 1981 Until the Fall of 1982.

PCO.OlI

CHANGE IN CHANNEL AREA (cm2)
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consistency between the 1981 and 1982 grazing periods (Table 1).
Comparison of the two grazing seasons reveals that 9 transects
increased . in area and 9 transects decreased in area during both
grazing seasons, Yet, ﬁuring both years, 27 tran;ects increased in
area one year and decreased in area the other revealing an
inconsistency in the type of changes being recorded at these
transects, Channel alterations which occurred during the winter of
1981-1982 show 32 transects increasing in area and 13 transects
decrgasing in area, There was no similarity bet&een which transects
increased in area and ﬁhich decreaéed.when comparing the 1981 and 1982
grazing periods to the over-winter alterations..

Total stream channel alterations over the two—year.studi show 34
transgcts increased in area while only 11 decreased in area, Transect
9, located in pasture 2, exhibited the greatest degree of increase in
channel area (144.39 cmz), and transecp 19; in pasture 4 showed the
greatestldecrease(Zu.SH cmZL Transectsllﬁhrbugh6 and 30 through
33 appear to be two areas of deposition within the stream channel.
These deposition areas contain two thirds of the transects which
consisteﬁtly decreased in area, |
Soil Moisture

Sdil moisfure data were analyzed for the top 45 cem of soil. This
depth was selected due to its greater. potential susceptibility to
livestock impacts and because soil moispure varies littlé below 45 cm

(Papendick,‘Cochran and Woody 1971). The average soil moisture of the

top 45 cm of soil for all streambank access tubes is presented in

s
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+ 4+ + 4+ + +

Pasture

6

9 Control
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Figure 18, Soil moisture was sampled at the end of each grazing
period and presented here as pasture humbers.

During both the 1981 and 1982 seasons, soil moisture values were
found to be highest in the early graéing periods followed by a rapid
decrease xhrpugﬁ grazing periods 1 and 2 and a gradual decrease until
periods 6 (1982) and 7 (1981) when fall pfeqipitation increased soil
and moisture levels,

Overall soil moisture levels were higher in 1982 than in 198i.
This is especially evident during the fall soil moisture recharge
period. Fall recharge occurred earlier and was of a greater maénitude
than in 1981,

Stream Flow Discharge

Figure 19 repfesents water flow data from 1981 and 1982 as the
average fldw from all five sampling stations at the end of a grazing
period. Flow data are presented on a m3/day basis.

During both 1981 and 1982, peak flow occurred approxima}ely June
1 throﬁgh 10, thus ending approximately four days before the

initiation of any grazing treatments, Flow levels rapidly decreased

.during the first four grazing periods and stabilized during the

remainder of the grazing season, Little fall recharge was noted.

Flow levels during,1982 were generally greater than during the 1981

_season,
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Figure 18. Streambank Soil Moisture ($) Recorded During the 1981 and
1982 Grazing Seasons Using a Troxler Neutron Probe.

1982

198 1
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Figure 19. Water Volume Recorded for Cottonwood Creek During the 1981
and 1982 Grazing Seasons (m”/day).

198 1
1982

PASTURE



49
Suspended Sediment
Suspended sediment data are presented iﬁ Figures 20 and 21.‘ The
graphs present the amount of suspended sediment collected during a
grazing period at each sampling station., Sampling stations are
designated A, B, C, D and E on the right-hand axis of the graph, The
foreground axis represents the pasture number or grazing period during

which sediment was collected. The vertical axis displays the amount

- of sediment collected during each grazing period in g/m3 of water

flow.

The shaded portions of- each graph repreéent the location of the

~cattle during that grazing period:'and help to identify which

eollection‘station is qowhstream of that location (e.g. collection
station A i§ downstream of pastures 1 and 2, collection station E is
downstream of the ungfézed pasture, .9, and represents the control).,
| For the 1981 grazing season (Figure 20), peak suspended sediment
flow ﬁas found to occur during the second grazing period at each of
the five sampling stations. Sediment levels'sharply decreased
following the peak loading period at stations B through E ' Sediment
concentrations then stabilized during the fourth grazing period and
remained .constant throﬁghout the remainder of the grazing season., A
gradual'dgcrease in sediment concentrations was noted at station A
following the peak loading period, and continued until the termination
of the grazing season, |
Station B recordgd.thg highest ‘concentration of suspended

sediment at peak sediment flow during the secbnd grazing period.

During the second and third grazing periods, station B collected




Figure 20.

SEDIMENT g/m

50

Suspended Sediment Concentrations (g/m”) Collected During
the 1981 Grazing Season Using a Modified Single Stage
Sediment Sampler. The Shaded Portion of the Figure
Represents the Location of the Cattle in Relation to the
Sampling Stations.

198 1



Figure 21.

SEDIMENT g¢g/m
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Suspended Sediment Concentrations (g/m”) Collected During
the 1982 Grazing Season Using a Modified Single Stage
Sediment Sampler. The Shaded Portion of the Figure
Represents the Location of the Cattle in Relation to the
Sampling Stations.

1982
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greater amounts of sediment than'any other station (P < 0.01). No
other.significant differences were noted between the sampling stations
during any other grazing period{ ‘Also, eediment concentrations during
the fifst three grazing periods were found to'be significantly greaeer
than the last five grazing periods for stations B through E and for
grazing periods T and 8 for station A

The 1982 suspended sediment data displays trends similar to those .
expressed in 1981 (Figure 21). Peak sediment concentrations were
recorded during the second gfazing period for all sampiing stations
except E, where peak sediment loadipg occurred during the first
grazing period. A rapid decrease in sediment concentrations was
recorded following the peak concentratioﬁ period. Sediment
concentrations stabilized during the fourth grazing period and
remained constant thrqughout the remainder of the grazing season.

As with 1981, station B recorded the highest sediment_
concentrations during the seeond grazing period. Sediment
concentretions fer station B were signifieantly greater than the other
stations. No other significent differences were noted between
stations during the remaining grezing periods except that suspended
sediment concentrations during the first two grazing‘periods were
significantly greater than the last six grazing periods at all five
sampling sfations.

No increase in suspended sediment concentrations was observed due
to the presence of.cattle. In most cases, a generallreduction in
collected suspended sediment was recorded in ‘1981 during all grazing

periods and in 1982 during grazing periods 3 through 8. An increase
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in suspended sediment concentrations was observed downstream of the
cattle at station A Quring grazing periods 1 and 2, however, this same
increase was also noted upstream of the cattle at stations B, C;, D and
E during the same period.

Figure 22 represents the grams pf suspended organic matter
collected at each sampling station during the 8 grazing periods from
the 1982 grazing season, No data are available for 1981. Although
organic matter levels were greatest during the early grazing periods,
1 through 3, there was no significant difference between earl& and
late periods., Sampling stations A, B, Cand D recorded peak organic

material loading during the third grazing period, while station E

recorded its peak levels during the second grazing period. Subsequent

peaks were observed at stétioné A, C, D and E at various times dpripg
the grazing season., No increase in organic matter loading was evident
due to cattle activity upstream of any recording station.

Vegetation Utilization

Dur;ng the 1981 grazing season utilization rates in the riparian
area were consistently higher than in the upland communities (Figu%e
23). Utilization rates in the riparian communities averaged $9
percent with a hiéh of T1 percent‘during grazing period 2 and a low of
49 percent during period 5. Upland communities averaged 46 percent

utilization over the grazing season with a high of 73 percent during

grazing period 7 and a low of 27 peﬁdent during périod y,




Figure 22.

ORGANIC MATTER (g)

54

Suspended Organic Matter (g) Collected During the 1982
Grazing Season Using a Modified Single Stage Sediment
Sampler. The Shaded Portion of the Figure Represents the

Location of the Cattle in Relation to the Sampling
Stations.

1982
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Figure 23. Percent Utilization of Upland and Riparian Vegetation
Determined Using the Cage Comparison Method.
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Utilization rates during the 1982 season show riparian utiliza—
tion highef in early season (pastures 2, 3 énd }4) while upland
utilization rates were higher duriﬁg the latter (pastuﬁes 5, 6 and 7).

Riparian uéilization rates averaged 52 percent with a high of T4
percent during grazing period 3 and a low of 42 percent during 4,
Upland communities averaged 54 percent with a high of T4 percent
durihg grazing period 7 and a low of 35 during period 4.

During both fhe 1981 'and 1982 seasons, peak utilization in the
upland communities occurred’during grazing period 7, while peak
riparian utilization qccurned during grazing period 2 in 1981 and
period 3 in 1982. The period of lowest utilization for both years for
uiland communities was during period 4, while for riparian communities
it occurred in grazing'period 5 in 1981 and period 4 in 1982. During
both seasons, utilization rates in‘the spring were high for riparian

and upland communities dropping to a low during mid-season and then

increasing again during late season,
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DISCUSSION

Time of grazing was found to be fundamental in evaluéting the
effects of livestock-induced streambank instability aloﬁé,Cottonwood
Creek,. Alterations of streambanks attributable to livestock grazing
were found to be greatest during earlj grazing periods (periods 1 to
4) and significantly less in the latter periods (periods 5 to 8) (P <
0.01). The second grazing period in late Juné and early July was
found to have significantly greater streambank alterations than any
other grazikg period during béth years of monitoripg. Alterations
were observed to be consistent from one year to the next, indicating
the banks were receiving gpproximately the same.impacts each séason.
Streambank alterations during the 1atteh‘pért of the season were not
significantly different than those displa&ed within the ungrazed
control. | |

Qualitative obsérvations indicate considerably more exposed banks
and hoof démaée during the early periods, especially at creek crossing
locations, énd at'points where the.cattle'enéered the creek channel to
graze on streambank vegetation, Vegetation utilizaﬁion studies by
Platts (1982) and Hayes (1978) indiéate that decreased streambank
staBility is . likely ¢to resulf whén utilization levels become
excessive, .Platts (1982) reported thét streambank alterations were
probable when riparian vegetation utilization éxceeds 65 percent with
Hayes (1978) reporting similar findings of damage occurring above 60
percent'use. Ufilization of riparian vegetation on the Cottonwood

study site averaged 62 and 63 percent for 1981 and 1982 respectively
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"during the first half of the grazing season apd.SS and 52 percent
durihg the second half of the season.

The periods of greatest streambank alterations coinéide with high
utilization rates supporting Platts’ (1982) and Hayes! (1978)
conciusions that high utilization is a good indicator of decreased
streambank-stability; This concept did hot hold true ;n 1981 during
: graz;ng period 7, however, ‘when riparian vegetation utilization levels
exceeded T0 percent and streaﬁbank alterations were minimal, followed
in 1982 by utilization levels of155 percent and a marked increase in
alterations. Cooper (1979) and Duff (1979) both noted that heavy
utilization was not necessary to impart dagage upon the streambanks
that the amount of animal activiﬁy and the sensitivity of thg banks
were a more critical factor. | , |

A cattle behavior study conducted by Marlow (1983) on the
Cottonwood Creek stpdy site reveals that the cattle are spending
significantly less time in the riparian communities during the first
half ofithe grazing season than the last (Figure 24). .No correlation
between‘the amount of time cattle spend in the riparian communities
and streambank alterations was discernible (rz = 0,04), The cattle
were having a significantly gréater impact on the streambanks and
doing it in a shorter period of time during the early grazing periods,
while having little impact over a long period of time during the
latter grazing beriods. This leads to the inference that the
streambanﬁs may be more vulnerable to livestock impacts in the early

part of the grazing season.
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Figure 24. Time (Hours) Spent by Cattle Group in Upland and Riparian

Habitat Types During the 1982 Grazing Season (Marlow

1983). Dates Along the Horizontal Axis are Synonymous
With Grazing Periods.

DATE

The direction of streambank changes (increased area due to soil
loss or decreased area due to soil gain) was highly variable between
monitoring periods. This variability may again be attributed to
cattle behavior. During each grazing season a different group of
heifers were used. Qualitative observations reveal that the two
groups used different creek crossing points which resulted in certain
transects receiving more trampling damage while others downstream of

such areas received debris and sediment accumulations. The
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consistency 6f impact should be noted though. Although differing
transects displayed éltératidns‘one year to the next, the .total
alterations. within each pasture remained consistent during the two
years. -

Roath (1980) states 'the greatest impact livestock have on
riparianlareas may be trampling damage and that wet soil is the most
susceptible to livestock impacts. The periods of greatest streampank
alterations were found to be closely correlated to high soil moisture
levels (r2 = 0,82} during frost-free grazing periods. Soil‘moisture
was found to be highest early in the season and gradually decreased to
the lowest levels in early September. Streambank alterations were also
highest early’in the season.followed by a gradual decrease throughout
the remainder of the season., As the sﬁreambank dried, it appeared to
be less susceptible to trampling qémage. During the 1981 season, the
dry streambanks showed little impact due tb the cattle, yet, increased
streambank alterations were noted within pasture 7 during the 1982
season after an early fall snow storm increased soil moisture levels,
This increase and damage lasted only one grazing period.

. The correlation between soil 'moisture and streambank alterationé
dropped (r2 = 0.63) after mid-September during both grazing seasons,
Dﬁring the last two grazing periods, soil moisture increased while
stregmbank alterations decreased even though soil ' moisture .was being
recharged By fall precipitation evénts. During both 1981 and 1982,
early fall snowstorms and average ddily air temperatures below 2° ¢,

may have combined to freeze the recharge moisture in the upper layer

of soil, thus acting to cement the banks in place. The frozen
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streambanks may then have been strong enough to support the weight Qf‘
the cattle and not ‘succumb.to trampling damage. Si:;ail.ar f"ind'ings' were
reported by Cooper (1979), who 'noted reduced streambank damage
associated with livestock grazing latg in the fall and winter after
the streambanks had become frozen, Kauffman (1982) also reported
reduced s0il disturbance during late fall grazing,

Although direct livestock impacts to streambank stability may be
reduced during the fall and winter, it was over-winter alterations
which were found to be greater than iivestock-induced damage, Over-
.T,:jrnter alterations;, were 10 to 800 percent greater than the alterations
recorded along the same transects during the grazing season, Similar
results were reported by Bﬁckpousé (1980) and Hayes (1978). Buckhouse
(1980) r'épor'ted greater streambank aiterations occurring during the
winter tﬁan during the grazing season and concluded that ice f‘ioes,
high water, and channel physiognomy were critical factgrs involved j.n
the erosion process, Hayes (1978) also found winter/spring channel
alterations to be in excess of alterations attributat-ale to cattle
grazing impécts during the grazing season.

Cottonwood Creek chéracteristica;lly has deep snow drifts lining
t'he channei length over the_ winter and into late May. The weight of
snow and ice may act' to loosen thé soil and cause streambank slumpi;ng
.on areas impacted by livestock during the previous year's grazing.
The degree of livestock impact duriihlg- the grazing season could
influence the amount of over-winter damage. The first two .gr'azing
periods in which the greatest degree of streambank alterations

‘occurred during the grazing season also had the greatest amount of
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over-winter change. The gemaining T pastures all had sfétistically
similar levels of alterations during the winter ﬁeriod although they
were significantly greater than the impacts recorded during the
grazing season, However, over-=winter alterations in thewungrazeq
control pasture also averaged 655 percent greater than the alterations
recorded during the grazing season. This indicated that naturally
occurring factors may have as significant an impact on inducing
streambank instability and eventually increased suspended sediment
loading as does livestock impacts, |

| Rosgen (1975) reports that suspended sedimgnt concentrations are
correlated to streambank stability énd water flow., As streambanks
become less stable, more sediment will be contriﬁuted to the stream
flow and increasing volumes of water can transport a greater voluﬁe of
sediment. Johnson et al. (1978) also state that high concentrations
of suspended sediment are éenerally an indication of erosion
associated with some degree of impact.

Cattle presence appeared to have no effect on the period of peak
sediment cohcentrations as beak suspended éediment concentrations
ocecurred af all recording Stations during the second grazing period
during both monitoring seasons régardless of cattle'presence. The
same held true for §uspended organic matter. Peak suspended sediment
concentrations of 24.04 g/m3 in 1981 to 25.25 g/m3 in 1982 were.well
below the éritical levél of 80 g/m3 réported by McKee and Wolf (1963)
to be qetrimental to aquatic organisms.

The pattern of peak suspended sediment concentrations lasting

only for approximately two weeks immediately followed by a rapid
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decrease and stabilization with low concentrations is consistent with
findingé by. Gary et al, (1983), who found similar péak concentration
-~ stabilization patterns on a small watersbed in the Colorado Fpont
Range,. In their.observétions, they noted maximum sedimént
concentrations occurred during peak stream flow.periods. Yet, in this
study, méximum suspended sedimeht concentrations occurred
approkimately 14 to 21 days after .the peak waterlflow period,

The peak suspended sediment concentration period (June 28 - July
12) coincides with the period of heaviest precipitation for the
Cottonwood Creek drainage. The Cottonwood Creek drainage receives an
average of 450 mm per year with 110 mm, or 24 percent of the yearly
average occurring during late June'and early July. The large volumes
of water originating from convectional thunderstorms may act to.wash
loosened soil along damaged streambaqks‘into the water column.
Although there was no observable increase in suspended sediment
concentratiqns due to caftle activity as they were moved. upstrean
througﬁ the pastures, there may h;ve been an indirect increase during
the following spring associated with tﬁeir residual impacts,

Suspended sediment concentrations were found to be greater below
pastures that had considerable streambank alterations. Peak sediment
concentrations were found at collection stations A and B, which were
downétream of the pastures grazed early in the season and which showed
the greateét alterations. The cattle activity of altering the
streambanks may be goupled with the(destabi;izing forces of ice. and
gnow during the winter to loosen the exposed banks and may provide a

source of sediment to be flushed into the water bolumn.
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It appears that periods of peak suspended sediment concentrations
' méy be magnified by livestock activity on Cottonwood Creek during the

previous grazing season,
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SUMMARY

Livestoek_érazing can affect all cdmponents'éf a riparian system.
The influenee of livestock on riparian areas depends on numerous
factors, including the time of grazing, The objgctive of this study
was to ascertain what time during the grazing season streambanks are
most susceptible to _livestock-—generated impacts and whgther increases
in suspended sediment concentrations occﬁr during periods of cattle
actiiity. Quantitative measurementé of stream channel area, soil
moisture, stream flow, suspended sediment concentrations, and
vegetation utilization were made during each fourteen—day grazing
period.

Early-season grazing induced immediate streambank alterations as .
well as increased suspended sediﬁent concentrations which occurred the
fdllowing year, Stream channel alterations were found to be greatest
during the early grazing periods and were associated with riparian
vegetation utilization rates exceeding 60 percent. Pastures receiving
less than 60 percent use showed far less streambahk instability. Soil

moisture was closely correlated with stream channel alterations (r2 =

0.84) during frost-free grazing periods. This correlation was less

evident (r2.= 0.63) after mid-September when the streambanks began to

freeze, Frozen streambanks may be able to withstand livestock
activity with very'little damage.
Within pastures and between years, the trend of change in channel

alterations was inconsistent from one year to the next and may be a

result of different crossing point preferences displayed by the
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different heifer groups used during the two years of study. Behavior
observations: of the cattle used in this study (Marlow 1983) indicate
the animals are spending less time in riparian areas during the early
grazing season while iﬁflicting.a greafer impact on the streambanks.
This lends to the inference that the streambanks are more susceptible
to cattle damage early in the grazing season,

Although direct impacts of cattie were greater during the early
grazing periods, overall channel alterations were 10 to 800-pereent
greater during the winter monitoring period than'dufing the grazing
season. This increase in damage may ha;e been due to ice and snow
collapsing streambanks already altered by cattle the summer before,
Cattle-induced alterations, intensified by snow and ice damage, may
provide the source of high suspended sediment concentrations in the
late spring, Similar increases in alterations were displayed within
the control pasture, indicating environmental factors may have as
significant a role in impacting séreambanks as do 1ivestock.

Peak suspended sediment concentrapions were greatest at-ail
samﬁling stations during the second grazing .period (June 28 - July 12)
regardless of cattle presence. The higpest concentrations. occurred 14
to 21 Qayé after peak stream flow digéhargé in the creek and in
conjunction with periods of heavy rainfallé Peak suspended sed;megt
ioading may be a fuﬁction of overland sediment tfavel from streambanks
altered by cattle grazing the season before and damaged by ice and
snow during the winter. The greatest sediment concentrations were

generally downstream of the pastures that have the greatest streambank

n

" instability.
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The sampling technique used to estimatevétream channel alteration
appears accurate and repeatable. Although time-consuming, the method ,
proyided a réliable representation of channel movement, The modified
single;stage sediment samples also proved to be accurate and reliable
in estimating sediment concentration within the water column. A major
drawﬁack of the sampler was clogging with ice during the latter part
of'the season.,

Late—séason gﬁazing.may be a less damaging alternative than
grazihg at other times in riparian areas deemed critical to fisheries
or in areas with sensitive streaqbanks or areas already exhibiting
livestock damage, -This couid reduce livestock-generated impacts to‘the
environment, while still permitting utilizatidn of the riparian forage
base. Proper grazing ménagement, using moderate stocking rates,
salting‘away from the riﬁarian zone, and berding the animals to
prevent areas of overgrazing, is a necessary part of any riparian
grazing plan.

Mo}e'intensive research'is required concerning the correlation of
the ppysical alteration of riparian areas-ﬁith the effecﬂs oﬁ
livestock grazing under proper management, Too often, riparian
stud;es have evaluated improper.grazing practices resuiting in an
indictmént of livestock grazing in general, yet provided little
information as to the ecologipal principles involved in.tﬁe
interacﬁion. An adequate understanding of fhe ecological processes
and broper livestock management in riparian areas is essential if wg

are to fully optimize the multiple use of riparian ecosystem

resources.,
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Appendix A

Vegetation Types Common to the Cottonwood Creek Study Site
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Appendix A

Table 2. Vegetation types common to the Cottonwood Creek study site
based on criteria established by the Montana Rural Areas
Development Committee (1982), with modification to include
adjacent upland vegetation types.

RAD Vegetation Riparian
Classification Type Predominant Species
I A4 Aspen Populus tremuloides miehx.

Poa comoressa L.

Bromus inermis Leyss.
Phleum oratensis L.
Trifollnm reoens L.
Taraxlcum officinale Weber
Ribes lacustre (Pers.) Poir.

I A 1/99 Aspen/Willow Pooulus tremuloides

Sallx spp. L.

Poa comoressa

Aerostis stolonifera L.
Carex rostratea Stokes
Carex soreneelii Dewey
Junous balticus Will[.
RlIbes lacustre

Prunus virelnlanus L.

Il E Bog Carex rostrata
Carex soreneelii
Aerostis stolonifera
Juncus balticus
Ribes lacustre

v A Meadow Bromus inermis
Phleum oratensis
Poa comoressa
Aerostis stolonifera
Carex rostrata
Juncus balticus
Achillea mllllfolium L.
Cirsium avarense (L.) Scop.

Il B I Streambank Poa comoressa
Aerostis stolonifera
Bromus inermis
Carex rostrata
Carex soreneelii
Juncus balticus
Llnarea vulearis Hill
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Table 2 (Continued)

RAD Vegetation Upland
Classification Tvoe Predominant Species
VAI Upland/Grassland Poa comoressa

Poa sandbergli Vasey

Poa oratensis L.

Stioa comata Trin. & Rupr.

Stioa virigula Trin.

Agroovron smith!! Rydb.

Agroovronsoicatum(Pursh)
Scribn. & Smith

Festuca idahoensis Elmer

Bromus teotorum L.

Achillea millifolium

VBI Upland/Sagebrush Artemisia trldentata var.
vaseyana (Rydb.) Beetle
Rosa woodsii Lind. L.
Bromus tectorum
Poa comoressa
Stioa comata
Achillea millifolium

I A 4/99 Aspen Park Pooulus tremuloides
Poa comoressa
Bromus inermis
Geranium viscoslssimum F&M
Taraxicum officinale
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Appendix B

Description of Computer Program
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Description of computer program designed to determine suspended

sediment loads for each sampling period based on average water depth,
total water flow and total sediment collected (Taylor 1983). Computer
is a Texas Instruments TI-58 hand-held calculator mounted on a
printout crib.

The program consists of four steps:

Initialize the computer to erase existing material ahd prepare
unit to work program,

Enter average water depth (stage height) during the collection
period, Program calculates the area of water flowing through
flume and adjusts for the number of collection tubes which would
be filling. o

Enter total water flow recorded during the collection period.
Program measures the length of the water column to give a
volumetric value to water flowing into the collection tube,

Enter total sediment collected during collection period. Program
calculates the grams of sediment per cubic meter of water during
the collection period. ’
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Appendix B - Continued
Step

000 76 LBL —
001 10 ©

002 47 QWb

003 25 CR — i Initialize

004 58 FIX

005 09 09 —

006 91 R/S

007 76 LBL

008 11 w Enter average water depth
009 99 PRT —-

010 65 X
011 07 7
012 93 -
013 06 6
014 02 2
015 95 = _
016 55 — 2 Determine water area
017 01 |
018 00 O
019 00 O
020 00 O
021 00 O
022 95 =
023 42 SID

024 01 01

025 91 R/S

026 76 LBL

027 12 ® Enter total water flow
028 99 PRT

029 55 _

030 43 RCL — 3 Determine water volume
031 01 O
032 95 =
033 42 SID
034 02 02
035 91 R/S
036 76 L/(g\L

037 13 Enter total sediment collected
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038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
066

99
42
03
43
02
65
01
93
09
06
03
52
05
9%
95
22
52
55
43
03
95
35
99
98
a1
00
00
00
00

PRT
STD
03

02

R/S

Continued

Step

4
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Calculate sediment - g/m”~/collection period
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