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Abstract

Alteration of stream channel morphology by cattle and associ-
ated streambank erosion is a concern on rangeland watersheds.
The objective of this study was to determine changes in stream
channel morphology in response to 5 grazing treatments applied
to 0.4 ha pastures and replicated on 3 intermittent streams at the
San Joaquin Experimental Range in the central Sierra Nevada
foothills of California. Baseline stream channel morphology
parameters were determined along 10 transects in each pasture
in June 1994. Seasonal grazing treatments (no grazing, wet sea-
son moderate, wet season concentrated, dry season moderate,
and dry season concentrated) were repeated annually over 4
years beginning in July 1994. Stream channel morphology para-
meters were measured annually from 1995-1998. When stream
morphological responses were averaged across years, there were
no detectable effects of grazing on the parameters measured.
Year effects and their interaction with grazing were significant,
primarily for stream morphological parameters that included
channel depth in their measurement or calculation. Channel
depth increased significantly in the ungrazed controls, but did
not change due to any grazing treatment. These results indicate
that grazing had little effect on the morphology of these bedrock
limited, intermittent stream channels.

Key Words: grazing effects, streambank erosion, sediment,
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Most of California’s surface water flows through the state’s 6.8
million ha of annual rangelands. Sediment is the most prevalent
non-point source pollutant in these surface waters (State Water
Resources Control Board Staff 1999). Causes of erosion within
these rangelands include natural processes and historic land use,
as well as anthropogenic activities such as road construction and
livestock production (Lewis et al. 2001). Concerns exist through-
out California’s Sierra Nevada Mountains (Sierra Nevada
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Resumen

La alteracién de la morfologia del canal de la corriente por el
ganado y la erosiéon asociada de la vega del rio es una preocu-
pacion en las cuencas hidrolégicas del pastizal. El objetivo de
este estudio fue determinar los cambios en la morfologia del
canal de la corriente en respuesta a 5 tratamientos de apacen-
tamiento aplicados a potreros de 0.4 ha y repetidos en 3 corri-
entes intermitentes en la Estacion Experimental de Pastizales de
San Joaquin al pie de monte de la parte central de la Sierra
Nevada de California. Los parametros de base de la morfologia
del canal fueron determinados a lo largo de 10 transecto en cada
potrero, las mediciones se realizaron en Junio de 1994. Los
tratamientos de apacentamiento estacional (no apacentamiento,
apacentamiento moderado en la época hiimeda, apacentamiento
concentrado en la época himeda, apacentamiento moderado en
la época seca, apacentamiento concentrado en la época seca)
fueron repetidos anualmente durante 4 afios, iniciando en Julio
de 1994. Los parametros de la morfologia del canal fueron medi-
dos anualmente de 1995 a 1998. Cuando las respuestas morfolog-
icas del canal se promediaron a través de los afios no hubo efec-
tos detectables del apacentamiento en los parametros medidos.
El efecto del afio y sus interacciones con el apacentamiento
fueron significativas, principalmente para los parametros mor-
fologicos de la corriente que incluyeron la profundidad del canal
en sus medidas o cilculos. La profundidad del canal se incre-
menta significativamente en los controles sin apacentamiento,
pero no cambio debido a algiin tratamiento de apacentamiento.
Estos resultados indican que el apacentamiento tiene poco efecto
en la morfologia de estos lechos rocosos de canales de corrientes
intermitentes.

Ecosystem Project 1996) and the West (Belsky et al. 1999) that
livestock grazing increases stream channel erosion via degrada-
tion of streambank vegetation and physical damage to the stream-
bank. Several research and case studies have reported livestock
induced streambank erosion leading to channel down cutting or
widening (Kauffman and Krueger 1984, McDonald et al. 1991,
Hall and Bryant 1995, Sierra Nevada Ecosystem Project 1996).
Numerous reviews have identified inherent problems associated
with studies examining grazing impacts on stream channel prop-
erties including: 1) lack of baseline or pre-treatment data, 2)
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inherent variability between and within
watersheds or streams, 3) lack of replica-
tion across watersheds or streams, 4) inad-
equate or ambiguous description of graz-
ing treatments, and 5) slow treatment
response time of channel morphological
parameters (Kauffman and Krueger 1984,
Rinne 1988, Fleischner 1994, Larson et al.
1998, Belsky et al. 1999).

Most of California’s foothill rangelands
are drained by intermittent streams that
only flow during the October to May rainy
season. In dry years, many intermittent
streams in these rangelands do not flow at
all. Studies of livestock impacts on stream
channels have focused largely on perenni-
al streams and their associated riparian
areas (Kauffman and Krueger 1984) with
only a few documenting these impacts on
intermittent or ephemeral streams
(Marlow et al. 1987, Smith et al. 1993).

The objective of this study was to deter-
mine changes in stream channel morphol-
ogy in response to 2 seasons (wet and dry)
and 3 intensities (no grazing, moderate,
and concentrated) of grazing. Our first
hypothesis was that grazing induced bank
erosion along the bedrock limited intermit-
tent streams at the San Joaquin
Experimental Range would increase
stream channel width at bank full com-
pared to that measured in the baseline year
or in the ungrazed channel reaches. Our
second hypothesis was that bedload depo-
sition was dynamic and would result in
yearly fluctuations in stream channel
depth. Changes in stream channel depth
and/or width may result in changes in
channel cross-sectional area and width-to-
depth ratio. In an attempt to overcome the
problems associated with past livestock -
stream channel studies, we: 1) collected
baseline data, 2) replicated the study on
multiple streams, 3) examined defined
grazing treatments, and 4) conducted the
study over a 5 year period.

Materials and Methods

Site Description

This study was conducted at the 1,752
ha San Joaquin Experimental Range
(SJER) in Madera County, Calif.
(37°05'N, 169°45'W) which has been a
USDA Forest Service research facility
since 1935 (Kie 1990). The SJER lies in
the lower central Sierra Nevada foothills
in the oak savanna vegetation type (Fig.
1). The station has a Mediterranean cli-
mate with annual precipitation ranging
from 250 to 800 mm with a mean of 480
mm, coming almost entirely as rainfall
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between October and April. Mean month-
ly air temperatures range from 6°C in
January to 27°C in July. Elevation ranges
from 213 to 518 m. Soils are derived from
granitic rocks, and most are less than 0.76
m deep. The Ahwahnee series (coarse-
loamy, mixed thermic Mollic Haploxeralf)
is common, covering about 96% of the
SJER. The Visalia soil series (coarse-
loamy, mixed thermic Pachic Haploxeralf)
is found on alluvial or swale sites (Ulrich
and Stromberg 1962).

Three intermittent tributaries to
Cottonwood Creek were selected for study
at the SJER (Fig. 1). Cottonwood Creek is
a fourth-order stream that drains into the
San Joaquin River just below Friant Dam.
During this study, stream flow began in
early January following 270 to 360 mm of
rainfall from October—December.
Average pre-treatment bankfull width for
channels 1, 2, and 3 was 2.54, 2.48, and
3.56 m, respectively. Average channel
depth at bankfull was 20 to 25 cm. Within
the study site, most channel cross-section-
al profiles are “bowl” shaped with bank
angles less than 45 degrees, rather than
vertical angles. The stream channels do

not have undercut banks. The study reach-
es are low gradient with less than 2%
slope and are Rosgen Class B5 (Rosgen
1996). Stream channels 1, 2, and 3 are 2 to
3 km apart at elevations ranging from 274
to 411 m (Fig. 1).

Granite bedrock underlies all 3 stream
channels at 2 to 20 cm, thus limiting chan-
nel depth and the potential for down-cut-
ting. Bed material deposits on all 3 stream
channels is dominated (> 95%) by large
grained sands from decomposed granite.
Run off events cause bedload to be
entrained and redeposited downstream.
Consequently, the depth of transient bed
material, and thus channel depth, within a
specific stream reach is inherently dynam-
ic from storm-to-storm and year-to-year.
While granite rocks, blue oak (Quercus
douglasii Hook & Arn), interior live oak
(Q. wislizenii DC), and other woody vege-
tation provide some stability, the majority
of the streambanks are vegetated by shal-
low-rooted annual grasses and forbs includ-
ing: wild oats (Avena fatua L.), soft chess
brome (Bromus hordaceus L.), red brome
(B. rubens L.), ripgut brome (B. diandrus
Roth.), annual fescue (Vulpia myuros L.),
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Fig. 1. Location of treatments along stream channels at the San Joaquin Experimental

Range in Madera County, Calif.
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broadleaf filaree (Erodium botrys Bertol.),
redstem filaree (E. cicutarium L’Her.), pop-
corn flower (Plagiobothrys notofulvus
Gray), and turkey mullein (Eremocarpus
setigerous Hook.). There is no riparian veg-
etation associated with these intermittent
stream channels.

Experimental Design

In this study, the experimental unit was
a pasture containing a livestock accessible
stream reach of 60 to 70 m in length. We
used replication across 3 stream channels
to account for inherent differences among
streams. We used randomization and
buffers between 5 treatment pastures with-
in each stream channel to minimize possi-
ble upstream — downstream effects of
treatment position(s). Within each stream,
the buffer between treatment pastures
ranged from 30 to 200 m. The 3 streams
represented blocks in a randomized com-
plete block design to which all treatments
were randomly applied. Baseline data was
collected in 1994 to establish pre-study
conditions and was followed by 4 years of
treatment application and data collection
to capture variability induced by annual
rainfall and runoff dynamics.

Grazing Treatments

Grazing treatments representing the range
of intensity and season found on these
rangelands, as well as a non-grazed control,
were selected for implementation. Cross-
bred beef cows were used to apply the graz-
ing treatments. Beginning in the summer of
1994, five grazing treatments were applied
to 5 randomly selected 0.4 ha pastures
established for this study along each of the 3
streams (Fig. 1). The 0.4 ha pastures were
square with a 60 to 70 m stream segment
bisecting each pasture. Portable electric
fencing was used to establish the grazed
pastures and ungrazed pastures were perma-
nently fenced. Each stream and its five, 0.4
ha pastures was in a different SJER grazing
unit. The area of these grazing units is 60,
110, and 47 ha, respectively. There were
one or more offsite water troughs in each of
these grazing units.

The no grazing (NG) treatment consist-
ed of a 0.4 ha permanently fenced exclo-
sure. The wet season moderate grazing
(WSM) treatment was applied by grazing
during the wet season so that stubble
height averaged 5 to 7.5 cm along the
stream channel. The wet season concentra-
tion (WSC) treatment consisted of grazing
during the wet season so that stubble
height along the stream channel averaged
less than 5 cm. The dry season moderate
grazing (DSM) treatment was applied by

grazing during the dry season so that stub-
ble height along the stream channel aver-
aged 5 to 7.5 cm by 1 October. The dry
season concentration (DSC) treatment was
applied by grazing during the dry season
so that stubble height along the stream
channel was less than 5 cm by 1 October.
The livestock concentration treatments
(WSC and DSC) were designed to achieve
heavy use as is often associated with a
feed or watering station. Each grazing
treatment was applied to the same pastures
in 1994-95, 1995-96, 1996-97, and
1997-98.

Because grazing is not equally distrib-
uted within the topographically diverse
SJER grazing units, stocking rate is not an
accurate descriptor of grazing treatment
effect at the stream segment scale.
Therefore, treatments were described in
terms of stubble height targets along the
stream channels. Because forage growth
rate varies within the wet season and
between years, a flexible system of graz-
ing application was required to maintain
stubble height targets. We achieved stub-
ble height targets in the 0.4 ha pastures by
opening and closing access to these pas-
tures by the cows grazing in the surround-
ing grazing unit. At the beginning of the
wet season treatments on 1 February, the
grazing units surrounding the treatment
pastures were stocked at the density of 1
beef cow per 1.6 ha. To maintain stubble
height targets during rapid spring growth,
additional cows were added to the grazing
units in March up to triple the 1 February
stock density. Because the small pastures
were readily accessible when open, the
moderate grazing treatments were easily
maintained by opening and closing the
pastures as needed during the grazing sea-
son. It was occasionally necessary to close
the small pastures during the wet season to
avoid exceeding the 5 to 7.5 cm stubble
height target in the moderate treatments.
The wet season concentrated treatments
were never closed during the wet season.
To achieve the concentrated grazing treat-
ments, cooked molasses supplement and
mineral blocks were placed in the small
pasture within 10 m of the channel to
attract cattle into the pasture, thus increas-
ing grazing intensity and trampling along
the stream channel. Near the end of the
dry season, we closed the DSM treatment
pastures and increased the stocking rate by
25 to 50% for 1 to 3 days to insure that
stubble height targets were met in the DSC
treatments.

Stubble height was determined by ocu-
lar estimate and confirmed with actual
measurements as needed. Stubble height
was estimated weekly in the pastures that
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were being treated that season. Target
stubble heights for moderate grazing were
achieved throughout the 0.4 ha pasture.
Stubble height targets for the concentrated
treatments were achieved along a 10 m
zone on either side of the stream channel.
Dry season grazing treatments (DSM
and DSC) were applied between 1 July
and 1 October, a period of little or no rain-
fall. Typically, the wet season begins in
late October or early November and ends
by 1 May. This period includes the slow
winter growth period and all of the rapid
spring growth period of the growing sea-
son (George et al. 2001). The soil profile
is usually saturated by early January. Wet
season treatments (WSM and WSC) were
applied starting on 1 February and main-
tained until surface soil moisture was
depleted at the end of the growing season
between 15 April and 1 May each year.

Stream Channel Measurements

To determine changes in stream channel
morphology, we measured width and depth
along stream channel cross-sections which
allowed us to calculate various morpholog-
ical parameters. The width parameters
were used to detect streambank erosion.
Depth parameters were used to detect
annual fluctuations in channel bedload.

Stream morphological measurements
were recorded during the first week of
June at the beginning of the dry season
starting with the baseline year in 1994.
Channel cross sections were measured
using methods outlined by Bauer and
Burton (1993). For each stream reach
within a pasture, 10 permanent cross-sec-
tional transects, 6.1 to 9.1 m long, were
placed perpendicular to the stream channel
at a distance of 1 to 1.5 times the channel
width apart (Fig. 2). The transects were
marked with permanent stakes and refer-
enced to a permanent benchmark. Stream
elevation was determined every 15 cm
along the transect using a stretched tape,
laser level, and stadia rod. For each tran-
sect, width at bankfull (W), distance from
the left permanent stake to right and left
bank at bankfull height, maximum depth,
and depth every 15 cm were measured (Fig.
2). Cross-sectional area (A), channel aver-
age depth (A/W), and width-to-depth ratio
[W/(A/W)] were calculated. Pasture aver-
ages for each morphological parameter
were calculated from the 10 transects in
each pasture. Cross-sectional area of the
channel was determined using bankfull ele-
vations following the methods of Rosgen
(1996). Elevation and position readings of
the permanent end stakes were checked
with benchmark elevations each year.
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Fig. 2. Layout of stream channel cross-sectional transects.

Data Analysis

Multivariate repeated measures analysis
techniques were used to determine how 7
stream morphological parameters were
affected by grazing treatment, year, and
year x grazing interactions. Profile con-
trasts were then used to compare succes-
sive year-to-year differences among the
grazing treatments (Tabachnick and Fidell
1989). Finally, pair-wise comparisons
(Khattree and Naik 1999) were used to
test for differences between the no grazing
treatment and the moderate and concen-
trated grazing treatments following the
1996-97 water year characterized by
above average flow events. All analyses
were conducted using SAS Release 6.12
for Open VMS (SAS Institute Inc. 1996).

Results and Discussion

When stream morphological responses
to grazing treatments were averaged
across years, there were no detectable
effects on channel width, distance to right
and left bank, maximum depth, mean
depth, cross-sectional area, and width-to-
depth ratio (Table 1). There was a signifi-
cant year effect for the depth-based para-
meters (maximum depth, mean depth,
cross sectional area, and width-to-depth
ratio). Examination of the yearly means
for each treatment (Fig. 3) revealed large
changes in several of the depth-based
parameters from 1996 to 1997. The year x
grazing interaction was significant for the
depth-based parameters and for left bank
distance when using Roy’s maximum root
test in the MANOVA. While Roy’s test is
weaker than other MANOVA tests of sig-
nificance, other less sensitive (more restric-
tive) tests increase the risk of overlooking
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the potential for grazing damage. The pro-
file contrasts indicate that the grazing treat-
ments accounted for significant differences
in maximum depth from 1996 to 1997.
Examination of the proportional changes in
maximum depth and mean depth (Fig. 4)
revealed that channel depth in the no graz-
ing (NG) treatment increased over the four
years of the experiment. This contributed to
the significant pairwise comparison
between the wet season moderate grazing
(WSM) and the NG treatments.

Channel width and distance to right
bank did not change in response to the
grazing treatments. Distance to left bank
was significant for the year x grazing
interaction. There have been conflicting
reports on the relationship between graz-
ing along stream channels and sediment
loss from streambanks. Buckhouse et al.
(1981), Smith et al. (1993), and Kondolf
(1993) detected no significant streambank
erosion due to grazing. Conversely, sever-
al studies comparing exclosures to grazed
areas report significant sediment losses
from grazed streambanks (Gunderson

1968, Behnke and Zarn 1976, Hedee 1977,
Dahlem 1979, Duff 1979, Kauffman et al.
1983, Platts and Nelson 1985, Elmore and
Beschta 1987, Marlow et al. 1987, Clary
and Webster 1989, 1990, Platts 1991,
Myers and Swanson 1994, Swanson and
Myers 1994, Trimble 1994). Several of
these studies reported that increased chan-
nel width was the result of sloughing of
undercut banks. The stream channel banks
in this study were not undercut and could
not achieve this form under any grazing
scheme due to substrate type (sand) and
dominance by shallow rooted annual vege-
tation. While most of these studies com-
pared an exclosure to a grazed area, a few
studies compared ungrazed areas to sever-
al treatments. Siekert et al. (1985) detected
changes in stream channel cross-sectional
area due to summer and fall grazing treat-
ments along an ephemeral stream in
Wyoming. Applying several seasonal
grazing treatments, Marlow et al. (1987)
detected changes in the stream channel
profile due to grazing and trampling of
streambanks when streambank soils were
moist during the early summer.

We observed grazing and trampling
along the stream channel bank by cattle in
the treated pastures, yet detected no
change in channel width at bankfull. Fine
textured and wet streambank soils have
been shown to be a factor in vulnerability
to erosion (Wolman 1959, Hooke 1979,
Marlow and Pogacnik 1985, Marlow et al.
1987, Clary and Webster 1990). The well
drained course sands in our study lack the
fine particle sizes and have a low water
holding capacity which may reduce their
vulnerability to streambank erosion.
Trimble and Mendel (1995) suggested that
watersheds subjected to high intensity,
long duration storms generating high
stream discharges were more vulnerable to
streambank erosion than watersheds that
receive relatively equitable flow from

Table 1. Summary of multivariate repeated measures analysis of variance results after Dunn-Sidak
familywise adjustments for multiple comparisons.

Graze Year YxG Profile Analysis' Pairwise'

G) Y) 9596 9697 97-98 1997
Cross-sectional Area ns. ** * ns. ns. ns. ns.
Width ns. ns. ns. ns. ns. ns. ns.
Width-to-Depth Ratio n.s. ** * ns. L ns. ns.
Maximum Depth ns. b o ns. LG n.s. ns.
Mean Depth ns. e * L L ns. WSM
Right Bank Distance ns. ns. ns. ns. ns. ns. ns.
Left Bank Distance ns, ns. b n.s. ns. G n.s.

*p <0.05; ** p< 0.01; *** p<0.001.

'For o = 0.10, a Dunn Sidak family-wise significant p value must be < 0.015 for the profile and pairwise contrasts

Maxwell and Delaney 1990, Sokal and Rohlf 1995).

L indicates a significant linear rend, G indicates a significant grazing treatment effect, ans WSM inicates a significant

wet season moderate grazing treatment effect.
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Fig. 3. Yearly treatment means for channel width, distance to right and left bank, maximum
depth, mean depth, cross-sectional area, and width-to-depth-ratio.

snowmelt. During our study, one or more
high stream discharges occurred each year
lasting for only a few hours during and
following a storm. Lack of high intensity
rainfall and runoff early in the rainy sea-
son may reduce streambank erosion.
While intense grazing and trampling can
leave unvegetated loose soil at the begin-
ning of the rainy season, low intensity
rainfall which is characteristic of the early
rainy season results in germination and
seedling establishment that stabilizes

grazed and trampled soil surfaces before
periods of more intense rainfall begin.
Just as grazed stream channels are
expected to widen when subjected to graz-
ing, stream channels that are protected
from grazing are expected to narrow
(McDowell and Magilligan 1997). While
not significant, the results of this study
suggest that the stream channels in the
controls may be narrowing (Fig. 3).
Kondolf (1993) reports that recent exclo-
sures (less than 4 years old) have not had
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Fig. 4. Yearly proportional change in maxi-
mum and mean depth.

time to trap sediment and build bank that
results in channel narrowing while differ-
ences were more pronounced in older
exclosures. Magilligan and McDowell
(1997) suggest that streams that lack fine
sediment and woody vegetation may take
longer to show channel adjustment to pro-
tection from grazing. However, the woody
vegetation that traps sediment during the
bank building process is not present and
not known to be within the potential of
these oak woodland stream channels.
Seasonal and annual variation in precip-
itation and resulting run-off could account
for the large year effect detected in this
study. The 1996-97 rainfall year was char-
acterized by above average stream flow.
We observed significant movement of bed
material during one or more annual high
flow events, usually in January or
February, which would have a significant
annual effect on channel depth parameters.
The significance of year in the results of
this study make it difficult to isolate the
effect of annual stream flow dynamics
from grazing effects on stream channel
morphology. We would suggest that
stream flow is the largest potential con-
founder in testing for the effect of grazing
on streambank or stream channel morphol-
ogy. Roath (1980) reported that the actions
of streamflow rather than livestock tram-
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pling was the cause of streambank erosion
in an eastern Oregon study. Buckhouse et
al. (1981) reported that most bank cutting
was associated with over-winter periods
when ice flows and high flow events
occurred.

Channel deepening in the control treat-
ments indicates that there was a loss of
bedload sediment from the control reach-
es. Treatment randomization within each
stream (block) resulted in the controls
being placed at the lowest or next to low-
est pasture in the sequence of 5 pastures
along each stream. One might expect
channel depth in the controls to become
shallower if they were influenced by
delivery of sediment from upstream
grazed treatments, but not for the channel
to deepen. While there was no significant
change in channel width, Figure 3 sug-
gests a trend toward channel narrowing
that may have resulted in increased stream
power that could have eroded bedload sed-
iment in the control pastures.

On these stream channels, it was difficult
to interpret grazing effects using standard
stream morphology parameters (width,
depth, area, and width-to-depth ratio).
Width did not change significantly and
depth parameters were more a reflection of
annual flow and bedload dynamics than
grazing influences. Distance to left or right
bank, an absolute measure from a perma-
nent point, may be more responsive to graz-
ing effects than the standard stream mor-
phology width parameter because changes
on one bank may compensate for changes
on the opposite bank. We detected a small,
weakly significant, change in distance to
left bank for the year x grazing interaction
during this 5 year study. Over a longer peri-
od, if grazing effects accumulated suffi-
ciently, an absolute measure such as dis-
tance to right and left bank or distance to
cut bank (Buckhouse et al. 1981) may be
more responsive than channel width.

Conclusions

In conclusion, we detected no signifi-
cant streambank erosion, thus we must
reject our hypothesis that grazing increas-
es width in these bedrock limited stream
channels. We detected a significant
increase in depth in the control treatments.
Additionally, we found a significant year
effect on morphological parameters that
included depth in their measurement or
calculation, supporting our hypothesis that
annual stream flow dynamics have a large
effect on depth of the stream channels we
studied. The large year effect and weaker
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year x grazing effect on stream morpholo-
gy confirms the need for long-term studies
to separate natural variation in stream
morphological parameters from those
caused by land management activities.
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