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Abstract

Sustainable management of riparian ecosystems depends on
our understanding of these complex systems. Thus far, the scien-
tific literature has not adequately addressed the effects of live-
stock grazing on riparian areas in the American southwest. Most
available information is observational, anecdotal, based on
unreplicated experiments, or compares heavily grazed areas to
areas from which livestock have been completely excluded. This
study, in the Black Range of western New Mexico, compared
effects of different seasons of use (cool season, warm season, and
dormant season) and grazing intensities (light, moderate, and
none) of cattle on young narrowleaf cottonwood (Populus angus-
tifolia James) populations, and herbaceous vegetation in 2 adja-
cent southwestern riparian areas. Cottonwoods in lightly grazed
and moderately grazed plots received significantly greater use
than cottonwoods in ungrazed plots which experienced negligible
grazing pressure. Increased grazing pressure did not have signif-
icant impacts on cottonwood populations. Effects of season of use
were significant on both herbaceous species richness and diversi-
ty. We conclude that no single riparian area management
approach is best in all situations, but the grazing treatments used
in this study appear to have been successful at maintaining ripar-
ian communities.
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Riparian vegetation is vital for the maintenance of stream and
riparian ecosystems (Goodwin et al. 1997, Kovalchik and Elmore
1992, Millar 2000, Murphy and Meehan 1991). Streamside vege-
tation stabilizes channel banks with root systems, attenuates the
erosive force of flood water, and protects banks from debris
washed downstream (Skovlin 1984). During high flows, water
surges over streambanks onto adjacent vegetated areas. Flexible
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Resumen

El manejo sustentable de los ecosistemas ribereños depende de
nuestro entendimiento de estos complejos sistemas. La literatura
científica actual no ha abordado adecuadamente los efectos del
apacentamiento del ganado en las áreas ribereñas del suroeste
Americano. La mayoría de la información disponible es observa -
cional, anecdotal, basada en experimentos sin repeticiones o
compara áreas fuertemente apacentadas con áreas en las que el
ganado ha sido excluido completamente. Este estudio, realizado
en el Pastizal Black del oeste de Nuevo Mexico, comparó los efec-
tos de diferentes épocas de uso (estación fría, estación caliente y
época de dormancia) e intensidades de apacentamiento (ligero,
moderado y sin apacentamiento) del ganado en poblaciones juve-
niles de "Narrowleaf cottonwood" (Populus angustifolia James) y

la vegetación herbácea en dos áreas ribereñas adyacentes en
suroeste. El "Cottonwood" en las parecelas apacentadas ligera y
moderadamente recibieron un uso significativamente mayor que
"Cottonwood "de las parecelas sin apacentamiento, las cuales
experimentaron una presión de apacentamiento mínima.
Aumentar la presión de apacentamiento no tuvo impactos signi-
ficativos en las poblaciones de "Cottonwood ". Los efectos de la
época de uso fueron significativos tanto en la riqueza como la
diversidad del estrato herbáceo. Concluimos que ninguna
estrategia individual de manejo de áreas ribereñas es la mejor
para todas las situaciones, pero los tratamientos de apacen-
tamiento usados en este estudio parecen haber sido exitosos para
mantener las comunidades ribereñas.

riparian vegetation such as sedges, willows, and young cotton-
woods are bent over by the force of the water current, thus serv-
ing as a protective barrier to guard against bank erosion
(Kauffman et al. 1996, Meehan and Platts 1978, Platts 1991).
Prostrate vegetation also acts to trap sediment as it tends to
increase water turbulence and decrease water velocity (Heimann
and Roell 2000). As water velocity slows, larger sediment parti-
cles settle out of suspension and eventually become part of the
bank or floodplain, adding both nutrients and bulk mass (DeBano
and Schmidt 1989, Kauffman et al. 1996, Meehan and Platts
1978, Platts 1991). In areas undergoing sediment deposition,
repeated deposition events can quickly result in substantial bank
and floodplain building. Although there are exceptions (Pearce et
al. 1998), herbaceous riparian vegetation growing along a stream-

466 JOURNAL OF RANGE MANAGEMENT 57(5) September 2004

M



bank often captures much of the sediment
washing into streams with overland flow
(Elmore and Beschta 1987), thereby acting
as a natural filter to improve water quality
and reduce erosion (Heimann and Roell
2000, Meehan and Platts 1978),

Concern has recently been expressed for
the apparent lack of cottonwood regenera-
tion (Bradley and Smith 1986, Busch and
Smith 1995, Ellis et al. 1998, Howe and
Knopf 1991, Stromberg and Patten 1992)
as well as the degradation and alteration of
herbaceous riparian species communities
(Ellis et al. 1998, Martin and Chambers
2001) in western North America. The loss
of riparian vegetation is often attributed to
grazing livestock (Armour et al. 1994,
Behnke 1979, Belsky and Blumenthal
1997, Belsky et al. 1999, Carothers 1977,
Davis 1977, Donahue 1999, Fleischner
1994, Li et al. 1994, Magilligan and
McDowell 1997, Meehan 1991), even
though many different factors, such as the
extirpation of beaver (Baker and Boren
2000, Elmore and Kauffman 1994,
Kovalchik and Elmore 1992, Naiman
1988), mining (Scurlock 1998, Todd and
Elmore 1997), dam erection (Rood and
Heinze -Milne 1989), or road construction
(Jones et al. 2000, Weaver and Hagans
1996) have also contributed to their
decline (Swanson 1989).

The effects of herbivory on riparian
plants is a critical issue because of the
importance of vegetation in riparian and
stream ecology (Kauffman and Krueger
1984). Undoubtedly, livestock grazing has
had an impact on riparian vegetation in the
western United States (Baker and Boren
2000), but the magnitude of such an
impact is largely unknown or poorly quan-
tified (Brown and McDonald 1995, Larsen
et al. 1998). The scientific literature on
this subject contains a great deal of per-
sonal opinion, speculation, and other anec-
dotal work rather than scientific documen-
tation (Brown and McDonald 1995, Clary
1999, Larsen et al. 1998, Trimble and
Mendel 1995). Many studies only include
grazing in terms of presence or absence
(Clifton 1989, Gunderson 1968, Kauffman
et al. 1983a, Magilligan and McDowell
1997, Rhodes et al. 1995, Sidle and
Sharma 1996). If the general effects of
cattle grazing on riparian vegetation are to
be evaluated, the scientific method would
require a more robust examination of graz-
ing in order to make more reliable conclu-
sions about the effects of cattle grazing.
Rinne (1988, 1999) and Pieper (1994)
have both suggested the scientific commu-
nity and land managers cannot make firm
conclusions about the impact of livestock

grazing on riparian vegetation because we
do not have enough good data upon which
to base conclusions.

The objectives of this study were to
evaluate the effects of different levels of
grazing intensity, during different seasons
of use, on cottonwood populations and
other herbaceous vegetation in 2 montane
riparian areas in western New Mexico.

Methods

Study Site
This study was conducted on 2 separate

streams on the western slope of the Black
Range Mountains in western New Mexico
(33° 24' 15" N, 108° l' 30" W), about 230
km northwest of Las Cruces. Seventyfour
Draw and Turkey Run are both first order,
intermittent, B3 streams (Rosgen 1994)
flowing through adjacent watersheds,
eventually converging to form Hoyt
Creek. Both streams lie within the same
grazing allotment and consequently have
been, and are subject to, similar anthro-
pogenic factors since at least the 1950's
when the current ranching family began
their cattle operation. Both watersheds
also have similar geomorphology, hydrol-
ogy, vegetation, mean elevation (2255 m),
and mean annual precipitation (350 mm).
A majority of the precipitation occurs as
rain in the summer months from July
through September. Mean annual summer
temperature is 18° C and mean annual
winter temperature is 1° C. Streamflow
occurs primarily after rainfall events, pre-
dominantly in the late summer and early
fall months (July October), but may per-
sist locally for months afterwards.
Substantial snowmelt may also create
streamflow. Soils in both watersheds are
Cumulic Haploborolls (Souders and
Subirge 1984). Using the hydrometer
method (Gee and Bauder 1986), soils
along the streambank in Seventyfour Draw
were found to be primarily sand and
loamy sand with clay contents between
1% and 5 %. Soils along the streambank in
Turkey Run were found to be primarily
loamy sand and sandy loam with clay con-
tent between 6% and 8 %.

Dominant vegetation in the riparian cor-
ridor of both watersheds consists of pon-
derosa pine (Pinus ponderosa Laws.), nar-
rowleaf cottonwood (Populus angustifolia
James), Arizona alder (Alnus oblongifolia
Torn), and associated understory species
which include Kentucky bluegrass (Poa
pratensis L.), blue grama (Bouteloua gra-
cilis [Kunth] Griffiths), nodding brome
(Bromus anomalus Fourn.), Louisiana

sage (Artemesia ludoviciana Nutt.), west-
ern yarrow (Achillea millefolium L.),
cinquefoil (Potentilla hippiana Lehm.),
annual muhly (Muhlenburgia ramulosa
[Kunth] Swallen), trailing daisy (Erigeron
flagellaris Gray), and comenlina (Comenlina
dianthifolia Nutt.). Upland vegetation is
dominated by ponderosa pine, Gambel' s oak
(Quercus gambelii Nutt.), alligator juniper
(Juniperus deppeana Steudel), pinyon pine
(Pinus edulis Engelm.), mountain mahogany
(Cercocarpus montanus Raf.), blue grama,
and New Mexican muhly (Muhlenbergia
pauciflora Buckl.). Cottonwoods do not
form a contiguous forest along streams in
these 2 watersheds. Instead they exist as
clumped stands periodically interspersed
along both stream reaches. In an average
cottonwood stand in Turkey Run, cotton-
wood trees we defined as mature (those
trees having a diameter at breast height
[dbh] greater than 15.5 cm) occupy a basal
area of 19.2 m2, trees we defined as young
(dbh is between 2.5 and 15.5 cm, inclu-
sive) occupy a basal area of 0.03 m2. We
defined saplings as those trees having a
dbh less than 2.5 cm. Mature ponderosa
pines occupy a basal area of 33.3 m2,
young ponderosa pines occupy a basal
area of 2.4 m2. In Seventyfour Draw, cot-
tonwoods in the mature and young classes
occupy basal areas of 5.6 and 0.7 m2
respectively. Mature and young ponderosa
pines occupy 26.5 and 2.1 m2 respectively.

Study Design
A randomized complete block design

with a factorial arrangement of treatments
was used to evaluate 3 grazing intensity
treatments (none, light, and moderate) and
3 separate seasons of use (dormant, cool,
and warm). We defined light grazing as
cattle using 20 -30% of available standing
biomass (dry mass) and moderate grazing
as cattle using 40 -50% of available stand-
ing biomass. Grazing seasons correspond-
ed to the phenological stage of cool and
warm season grasses. Dormant season
grazing was conducted in February and
March, cool season grazing was conducted
in May and June, and warm season graz-
ing was conducted in August and
September.

Treatments were randomly assigned
within 2 blocks, each containing seven,
0.4 ha plots (enclosures), at the beginning
of the experiment and were not reassigned
for the duration of the study. Each stream
served as a separate block. One enclosure
in each watershed served as the ungrazed
control plot for all 3 seasons of use. The
remaining 6 plots in each watershed were
assigned treatments in a 2 x 3 factorial
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treatment structure defined by the factors
grazing intensity (light and moderate) and
season of use (dormant, cool, and warm).
Plots were selected based upon 4 criteria:
1) presence of stream running through the
enclosure; 2) similar frequencies of nar-
row -leaf cottonwood and ponderosa pine
within 3 diameter classes; 3) similar basal
area of respective tree species; and 4)
presence of similar herbaceous species.
Baseline pre- treatment data were collected
in 1999, one season prior to applying
treatments, to give a standard of reference
when determining the presence or absence
of a treatment effect.

Grazing Intensity
To apply grazing treatments, enclosures

were stocked with 3 to 5 second -year
cross -bred heifers. Heifers were allowed
to stay in the enclosures until the target
grazing intensity levels had been reached.
This ranged from 2 to 8 days. The decision
to release cattle from the enclosures was
based on comparison against 3 protected
reference areas (2.3 m2 each ) within each
plot (Cook and Stubbendieck 1986).
Reference areas were protected with weld-
ed wire -panel cages as described below.

Grazing intensity was estimated using
the cage comparison method (Cook and
Stubbendieck 1986, Pieper 1978). Three,
4 -sided welded wire -panel cages (4 gauge,
10 x 10 cm galvanized panels) enclosing
2.3 m2 were erected inside each enclosure
and randomly located to protect forage
from grazing during the grazing period.
Two, 0.1858 m2 frames were located with-
in each cage and all herbaceous vegetation
was clipped at ground level and separated
by species. Outside each cage, 2 additional
0.1858 m2 frames were clipped from pre-
viously selected areas that had similar
cover and species composition to the
caged plant community (Cook and
Stubbendieck 1986, Pieper 1978). Cages
were also erected in control plots and
clipped following the grazing period.
Vegetation samples were oven -dried and
allowed to cool to room temperature
before being weighed. Enclosures were
not constructed to exclude wild ungulates
(i.e. deer and elk). Pellet group counts
(Eberhardt and Etten 1956, Neff 1968,
Smallidge 1997, Treadway et al. 1998)
were used to estimate the number of use
days plots received from wild ungulates.

Cottonwood Populations
Livestock use of cottonwoods was esti-

mated by selecting 10 individual cotton-
wood saplings and labeling 10 twigs on
each with a small colored wire, resulting

in a total of 100 labeled twigs per plot.
Individual twig lengths were measured in
whole centimeters from the most terminal
end of the twig to the lower part of the
joint where the twig joins another stem
(Hall and Max 1999). Twig measurements
were recorded before and after grazing to
determine an index of cottonwood utiliza-
tion during the grazing period (Cook and
Stubbendieck 1986). Grazing periods
ranged between 2 and 8 days, so twig
measurements were not greatly affected by
growth during the grazing period.

Cottonwood sapling densities, mean
sapling height, and mean number of twigs
per sapling were estimated in each enclo-
sure using 1 m wide belt transects that ran
the entire length of the stream within each
enclosure. All cottonwood saplings within
1 meter of the bank on each side of the
stream were counted, and their heights, and
number of twigs recorded. Cottonwood
density, sapling height, and number of
twigs per sapling were sampled once each
year at the end of the growing season.

Herbaceous Vegetation
In addition to the 3 cages used to esti-

mate grazing intensity, 4 cages were ran-
domly located in each plot at the begin-
ning of each growing season and used to
estimate annual standing aboveground
herbaceous phytomass. At the end of each
year's growing season, 2, 0.1858 m2
frames were located within each cage and
all herbaceous vegetation was clipped to
ground level and separated by species.
Samples were oven -dried and allowed to
cool to room temperature before being
weighed.

Herbaceous species cover, richness,
diversity, and evenness were estimated in
each enclosure using the point -step line -
transect method described by Evans and
Love (1957). Twelve transects were sys-
tematically located within each plot.
Twelve sampling points were recorded on
each transect as they were paced each year
at the end of the growing season.

Species richness was defined as the total
number of species in a plot (Ludwig and
Reynolds 1988). The inverse of Simpson's
diversity index (Magurran 1988) was used
to evaluate species diversity because it is
more sensitive to changes in abundant
species (Krebs 1989, Peet 1974), unlike
Shannon's diversity index which is more
sensitive to changes in rare species (Krebs
1989, Magurran 1988). Hill (1973) called
the inverse of Simpson's diversity index
N2. In this form, Simpson's diversity
index can be most easily interpreted as the
number of equally abundant species

required to generate the observed diversity
of the sample (Krebs 1989, Ludwig and
Reynolds 1988).

Hill's E5 (Hill 1973) was selected to
evaluate evenness rather than other com-
monly used evenness indices such as
Pielou's J' (Pielou 1975) because E5 is not
dependant on sample size or number of
species in the sample (Ludwig and
Reynolds 1988). Evenness expresses how
species abundances are distributed among
the various species (Magurran 1988). The
parameter E5 approaches 0 as a single
species becomes more dominant (Ludwig
and Reynolds 1988). A community in
which all species occur equally would
have a greater evenness than a community
with 1 or 2 dominant species (Green and
Kauffman 1995).

Analyses
All analyses were conducted using SAS

statistical programming package, version
8.2 (SAS 2001). To compensate for initial
differences in cottonwood sapling abun-
dance between each enclosure and to quan-
tify the effects of 2 years of grazing treat-
ments, analyses of cottonwood density,
cottonwood height, and cottonwood twig
number were based on comparisons of the
numeric differences between initial read-
ings for a variable (1999) and final read-
ings (2001). Repeated measures analysis
was used for analyses of herbaceous
species cover, richness, diversity, even-
ness, and annual herbaceous phytomass.
Analyses of cottonwood use was based on
comparisons between pre grazing and
post grazing twig length measurements.

Analyses of treatment effects were con-
ducted with either 1 -way or 2 -way
Analysis of Variance (ANOVA) using
PROC MIXED (SAS 1996), depending on

data were collected once a year at
the end of the growing season, or before
and after each period of grazing. One -way
ANOVA was used to analyze data collect-
ed once each year at the end of each grow-
ing season such as cottonwood sapling
density, sapling height, number of twigs
per cottonwood sapling, herbaceous
species cover, richness, diversity, and
evenness. In 1 -way analyses, grazing
intensity treatments (light and moderate)
were combined with season of use treat-
ments (cool, warm, and dormant) in all
possible combinations and augmented
with the ungrazed control. Main effects of
season of use and grazing intensity were
tested using multiple degree of freedom
contrast statements. If multiple degree of
freedom tests were significant, single
degree of freedom tests were examined.
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Two -way ANOVA was used to analyze
data collected before and after each graz-
ing period. Normality of all response vari-
ables was checked using PROC UNI-
VARIATE (SAS 1996). Differences
between initial and final measurements
were found to be normally distributed with
the Shapiro -Wilk test for normality (Zar
1999). Significant differences among
means in the ANOVA tests were identi-
fied using the protected least significant
difference (LSD) method (Zar 1999).
Results on all variables were considered
significant if P- values were less than or
equal to 0.05.

Results

Grazing Intensity
On average, target grazing intensity lev-

els were met during the 2 -year study.
Mean grazing intensity in the moderately
grazed plots (target: 40-50% use of avail-
able standing forage) was 42% which was
significantly greater (P = 0.0132) than the
mean grazing intensity of 26% observed in
the lightly grazed plots (target: 20 -30%
use of available standing forage). Mean
observed grazing intensity in the ungrazed
plots was 0.2 %, which was significantly
lower than grazing intensities in both the
moderately and lightly grazed plots (P <
0.0001, P = 0.0006 respectively). Light,
moderate, and no grazing intensity treat-
ments were not significantly different
among seasons (P = 0.1685), but were sig-
nificant from each other within each graz-
ing season (P < 0.0001). Use occurring in
the ungrazed plots was attributed to wild
ungulates such as deer, elk or other
wildlife. Seven elk use -days were estimat-
ed in ungrazed plots (Table 1).

Cottonwoods
Cottonwood use had a significant inter-

action (P = 0.0079) between grazing inten-
sity treatments and season of use treat-
ments. There was an interaction because
cottonwoods in moderately grazed and
ungrazed enclosures received the most use

Table 2. Use of cottonwood saplings as a result of grazing intensity (moderate: 40 -50% use, light:
20 -30% use, control: 0% use) and season of grazing treatments (warm: Aug -Sept, cool:
May -June, dormant: Feb -Mar) in 2000 and 2001 in the Black Range of western New Mexico.

Season of Use

Grazing Intensity

No Grazing
mean (SE)

Light Grazing
mean (SE)

Moderate Grazing
mean (SE)

Cool Season
Warm Season
Dormant Season

0% (2%) D*
0%(1%)D
1% (1%) D

25% (2%) BC
12% (1%) C
17% (2%) BC

30% (2%) B
15% (1%) BC
54% (2%) A

*Treatment means sharing the same letter were not significantly different

during the dormant season, whereas cot-
tonwoods in lightly grazed enclosures
received the most use during the cool sea-
son (Table 2). Main treatment effects were
examined because mean cottonwood use
in lightly grazed enclosures during the
cool season was not significantly different
from mean cottonwood use in lightly
grazed enclosures grazed during the dor-
mant season (P = 0.3063).

Both main treatment effects were signif-
icant. Grazing intensity had a significant
effect (P < 0.0001) on cottonwood sapling
use, as did season of grazing (P = 0.0062).
Cottonwood saplings within the moderate-
ly grazed treatments experienced signifi-
cantly greater use than the lightly grazed
plots (P = 0.0027) and the ungrazed plots
(P < 0.0001). Cottonwood use was great-
est during the dormant season which was
significantly greater (P = 0.0017) than
observed use during the warm season.
Cottonwood sapling use during the cool
season was not significantly different from
cottonwood use during the dormant season
(P = 0.0810) or cottonwood use during the
warm season (P = 0.0819).

Cottonwood densities after 2 years of
grazing were not significantly different
from those initially estimated prior to the
beginning of the study (Table 3). Neither
grazing intensity nor season of use had a
significant effect (P = 0.2363, P = 0.9681
respectively) on the differences in cotton-
wood densities from 1999 to 2001.
Although mean sapling height increased in
all grazed plots, and decreased in the
ungrazed plots (Table 3), these differences
were not significantly different from each
other as a result of grazing intensity (P =

Table 1. Estimated number of use -days by wild ungulates in the Black Range of western New
Mexico.

Treatment

Ungrazed Cool Season
Light Moderate

Grazing Grazing

Warm Season
Light Moderate

Grazing Grazing

Dormant Season
Light Moderate

Grazing Grazing

(Use -days)
Elk 7 2 12 0 2 24 31

Deer 0 0 4 0 0 0 0

ata =0.05.

0.0704). Season of use did not have a sig-
nificant effect on mean sapling height (P =
0.4121, Table 3). Number of twigs per
sapling also did not appear to be signifi-
cantly affected by either grazing intensity
(P = 0.8004) or season of use (P = 0.3228,
Table 3).

Herbaceous Vegetation
Although grazing intensity did not have

a significant effect on species richness (P
= 0.3507), season of grazing did create
significant differences (P = 0.0114) during
the 2 year study (Table 4). Species rich-
ness was not significantly different prior
to the application of grazing intensity or
season of grazing treatments (P = 0.3541,
P = 0.1802 respectively). Plots grazed in
the cool season had significantly greater
species richness than plots grazed in the
warm or dormant seasons (P = 0.0141, P =
0.0051 respectively) (Table 4). Simpson's
index was not significantly impacted by
grazing intensity (P = 0.3556), but was
significantly different by season of grazing
(P = 0.0006) (Table 4). Plots grazed in the
cool season had a significantly greater
diversity index than those grazed in the
warm or dormant seasons (P = 0.0017,
0.0002 respectively) (Table 4). Plots
grazed in the warm season also had a sig-
nificantly greater diversity index than
those grazed in the dormant season (P =
0.0427) (Table 4). Evenness was not sig-
nificantly affected by season of use or
grazing intensity (P = 0.1205, P = 0.0823
respectively) (Table 4).

Total annual phytomass of all herba-
ceous species was not significantly differ-
ent as a result of grazing intensity or sea-
son of grazing treatments (P = 0.7612, P =
0.7245 respectively) (Table 5). Grazing
intensity had a significant effect (P =
0.0272) on graminoid cover. Ungrazed
plots had significantly greater graminoid
cover than lightly grazed plots (P =
0.0082) (Table 5). Graminoid cover in
ungrazed plots versus moderately grazed
plots was not significantly different (P =
0.0562), neither was graminoid cover in
lightly grazed plots significantly different
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Table 3. Differences in cottonwood sapling density, height, and number of twigs per sapling from
1999 to 2001 in response to grazing intensity (moderate: 40-50% use, light: 20-30% use, control:
0% use) and season of grazing treatments (warm: Aug -Sept, cool: May -June, dormant:
Feb -Mar) in the Black Range of western New Mexico.

Variable

Grazing Intensity

No Grazing
mean (SE)

Light Grazing
mean (SE)

Moderate Grazing
mean (SE)

Density (# m-2)
Height (cm)
Twigs / sapling

0.34 (0.33) A*
_9.7 (2.7) At

1.8 (2.8) A

0.11 (0.08) A
3.4 (4.9) AB
2.8 (2.1) A

0.06 (0.07) A
8.3 (2.7) Bt
3.6 (0.9) At

Season of Use

Season of Use

Cool Season
mean (SE)

Warm Season
mean (SE)

Dormant Season
mean (SE)

Density (# m-2)
Height (cm)
Twigs / sapling

0.07 (0.09) A
1.5 (7.3) A
1.0 (2.5) A

0.10 (0.08) A
7.1 (3.5) At
4.8 (1.1) At

0.09 (0.12) A
8.8 (3.0) At
3.8 (1.7) At

*Treatment means sharing the same uppercase letter within a row were not significantly different between grazing treat-
ments at a = 0.05.
t Denotes cell value is significantly different than 0 at a = 0.05.
t Denotes cell value is significantly different than 0 at a = 0.10.

in moderately grazed plots (P = 0.2367)
(Table 5). Significantly less bare ground
was observed in the ungrazed plots than in
the lightly or moderately grazed plots (P =
0.0500, P = 0.0047 respectively) (Table
5). Litter cover was not significantly
impacted by grazing intensity or season of
use (P = 0.9742, P = 0.9930 respectively)
(Table 5).

Discussion

Cottonwood Responses
Data collected in this study did not indi-

cate that cattle grazing at light and moder-
ate levels in the cool, warm, and dormant
seasons significantly impacted woody
riparian vegetation in these areas over the
duration of the study period. Cottonwood
saplings in moderately grazed plots

received the greatest grazing pressure,
especially those saplings in plots moder-
ately grazed during the dormant season.
Regardless of grazing pressure, cotton-
wood populations continued to grow or
were not significantly different from initial
conditions prior to the commencement of
the study. Cottonwood densities were not
significantly different from original esti-
mates made prior to the beginning of graz-
ing treatments. Mean height of cotton-
wood saplings increased in all grazed plots
and decreased in the ungrazed plots.
Number of twigs per sapling increased
under all grazing regimes. These respons-
es suggest that cottonwood populations in
the Black Range of western New Mexico
will thrive and continue to serve the eco-
logical functions they perform under the
intensities of grazing and seasons of use
employed in this study.

Table 4. Species richness, diversity, and evenness response to grazing intensity (moderate:
40-50% use, light: 20-30% use, control: 0% use) and seasons of grazing treatments (warm:
Aug -Sept, cool: May -June, dormant: Feb -Mar) in the Black Range of western New Mexico.

Variable

Grazing Intensity

No Grazing
mean (SE)

Light Grazing
mean (SE)

Moderate Grazing
mean (SE)

Species Richness
Simpson s Index (N2)
Evenness (E5)

24 (2.6) A*
9.96 (0.92) A

0.665 (0.033) A

23 (1.6) A
10.27 (1.05) A
0.731 (0.029) A

22 (1.1) A
9.86 (0.71) A

0.746 (0.018) A

Variable

Season of Use

Cool Season
mean (SE)

Warm Season
mean (SE)

Dormant Season
mean (SE)

Species Richness
Simpsons Index (N2)
Evenness (E5)

25.9 (1.6) A
12.45 (1.05) A
0.766 (0.022) A

21.0 (1.4) B
9.56 (0.98) B

0.744 (0.038) A

19.8 (1.0) B
8.18 (0.63) C

0.704 (0.024) A

*Treatment means sharing the same uppercase letter within a row were not significantly different
between grazing treatments at a = 0.05.

Why there was a decline in cottonwood
sapling height in ungrazed enclosures in
this study is unknown. Many of the
saplings in the enclosures appeared to be
vegetative sprouts from existing mature
trees and may not grow to maturity unless
the health of the parent tree severely
declines as a result of death, harvest, or dis-
ease (Kinch 1989). We did not quantify the
proportion of vegetative sprouts in our study
area because we did not want to destructive-
ly sample our populations. Observed height
declines in ungrazed enclosures may have
been the result of a natural senescence cycle
of vegetative sprouts or some other factor
such as water stress or lack of disturbance.
Differential survival rates of cottonwood
vegetative sprouts versus individual
seedlings are not well understood and merit
further examination.

Alternatively, the observed decline of
cottonwood sapling height in ungrazed
enclosures could have been caused by a
lack of disturbance. Cottonwoods are
adapted to a high disturbance environments
(Braatne et al. 1996). Without disturbance,
saplings may naturally senesce. In addition
to periodic flooding or other disturbance,
livestock grazing may elicit a compensato-
ry growth response (McNaughton 1983,
Peinetti et al. 2001, Zvereva and Kozlov
2001) from cottonwood saplings. As cot-
tonwood saplings are grazed, the number of
axillary meristems is reduced and the abili-
ty for new tissue growth may be con-
strained (Peinetti et al. 2001). Cottonwood
saplings in this study seemed to overcome
this constraint by producing more twigs
(Table 3) from surviving axillary meris-
tems as well as from lateral meristems on
older twigs (Zvereva and Kozlov 2001).
Similar responses to browsing have been
documented in other woody species
(Danell et al.. 1994, du Toit et al. 1990,
Peinetti et al. 2001, Zvereva and Kozlov
2001). In ungrazed enclosures, distur-
bances from grazing were absent. It was
possible that wild ungulates could have
provided similar grazing disturbances, but
their presence was not very great in
ungrazed enclosures (Table 1).

Results of other studies examining
effects of livestock grazing on woody
riparian vegetation have yielded mixed
results (Brown and McDonald 1995,
Pieper 1994). Carothers (1977) and
Glinski (1977) observed decreases in
riparian shrub densities as a result of gru-
ing pressure in southern Arizona.
Phytomass, height, crown area, mainstem
diameter, and number of stems of woody
riparian species all increased dramatically
following the removal of cattle in north-
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Table 5. Total annual standing phytomass and cover responses to grazing intensity (moderate:
40-50% use, light: 20 -30% use, control: 0% use) and seasons of grazing treatments (warm:
Aug -Sept, cool: May -June, dormant: Feb -Mar) in the Black Range of western New Mexico.

Variable

Grazing Intensity

No Grazing
mean (SE)

Light Grazing
mean (SE)

Moderate Grazing
mean (SE)

Phytomass (kg ha-I) 1,241 (156) A* 1,183 (83) A 1,088 (88) A
Graminoid Cover ( %) 52 (2) A 44 (2) B 47 (1) AB
Forb Cover ( %) 21 (3) A 26 (2) A 22 (2) A
Litter ( %) 22 (4) A 22 (2) A 22 (1) A
Bare Ground ( %) 4 (1) B 8 (1) A 9 (1) A

Season of Use

Cool Season Warm Season Dormant Season
Variable mean (SE) mean (SE) mean (SE)

Phytomass (kg ha-I) 1,220 (114) A 1,153 (146) A 1,389 (123) A
Graminoid Cover ( %) 44(3)A 46 (2) A 47 (2) A
Forb Cover ( %) 27 (3) A 22 (3) A 23 (3) A
Litter ( %) 23 (2) A 23 (2) A 20 (2) A
Bare Ground ( %) 7 (1) A 9 (1) A 9 (2) A

*Treatment means sharing the same uppercase letter within
ments at a. = 0.05.

eastern Oregon (Case and Kauffman
1997). Woody riparian species density and
cover increased following the cessation of
cattle grazing in north central Colorado
(Schultz and Leininger 1990). Light graz-
ing pressure was observed on riparian
shrub communities over 3 years in north-
eastern Oregon, but shrub communities
were not negatively impacted (Kauffman
et al. 1983b). Shrub densities and mean
heights were found to be significantly
greater in exclosures, and remained
unchanged in grazed areas (Kauffman et
al. 1983b). Another study found woody
riparian species densities and mean
heights continued to increase regardless of
different levels of applied grazing intensi-
ties in central Idaho (Clary 1999). Such
disparate results between similar studies
are not surprising (Green and Kauffman
1995). Each riparian system is unique
(Kauffman et al. 1996, Skovlin 1984) and
in a different state of equilibrium
(Stringham et al. 2001, Westoby et al.
1989). Therefore, each different riparian
area responds differently to similar distur-
bances (Clark 1998, Clary 1995). Both
negative and positive results from live-
stock grazing are possible (Brown and
McDonald 1995, Carothers 1977, Case
and Kauffman 1997, Clary 1999, Glinski
1977, Kauffman et al. 1983b, Schultz and
Leininger 1990).

Herbaceous Vegetation
Graminoid cover in ungrazed enclosures

was significantly greater than graminoid
cover in lightly grazed enclosures. Unlike
other studies (Green and Kauffman 1995,
Popolizio et al. 1994, Smith and Rushton

a row were not significantly different between grazing treat-

1994), we did not find species richness to
be lowest in the ungrazed enclosures.
Following the cessation of grazing, it has
been observed that a few aggressive
species out compete less aggressive herba-
ceous species for limited resources (Green
and Kauffman 1995, Smith and Rushton
1994, USDA and NRCS 1997). This often
results in the extinction of the less -com-
petitive species and decreased species
richness for that area (Younger 1972).
Stable herbaceous communities are often
maintained by livestock controlling the
aggressive species through grazing or
trampling (Smith and Rushton 1994).
When grazing is removed, changes may
occur in the herbaceous community until a
new equilibrium is reached (Westoby et al.
1989). In this study, grazing disturbances
prior to the cessation of grazing may not
have been substantial enough to cause an
equilibrium adjustment following the
removal of grazing or alternatively, not
enough time had elapsed after the cessa-
tion of grazing to allow for the potential
changes to occur.

Species richness and Simpson's diversi-
ty index were significantly greater in plots
grazed in the cool season. Additional
species not previously found in plots
grazed during the cool season but found in
3 out of the 4 plots after 2 years of grazing
include Lambert's locoweed (Oxytropis
lambertii Pursh), squirreltail (Elymus ely-
moides [Raf.] Swezey), edible valerian
(Valeriana edulis Nutt. Ex T. and G.), and
showy golden eye (Viguiera multiflora
Nutt.) (data not shown). These species are
present in both watersheds outside our
grazing enclosures and propagules may
have been spread as a direct consequence

of grazing (i.e. seed was transported by
cattle into the enclosures) or as an indirect
consequence of grazing. May and June,
when cool season grazing was conducted,
is typically the driest time of year in this
area. The stress resulting from cattle graz-
ing in the cool season may have opened up
ecological niches, facilitated establishment
of new species (Green and Kauffman
1995, Popolizio et al. 1994), and con-
tributed to the proliferation of species
already existing in the immediate vicinity
of the enclosures (Holechek et al. 1998,
Kauffman et al. 1983b).

Similar to woody riparian vegetation,
other work has shown livestock grazing
also has inconsistent effects on herbaceous
riparian plant communities (Clary 1999,
Clary and Medin 1990, Green and
Kauffman 1995, Smith and Rushton
1994). In one study at Sheep Creek, Colo.
(Lamman 1994), as much as 90% of the
aboveground plant material of a Nebraska
sedge (Carex nebraskensis Dewey) com-
munity was removed for 3 years in a row
and no significant changes in total non-
structural carbohydrates were observed
relative to unclipped control plots. In
Oregon, herbaceous species composition
in ungrazed areas shifted after 3 years of
no grazing to include more mesic and
hydric species while grazed areas
remained relatively unchanged (Kauffman
et al. 1983b). Clary (1999) found little
change in graminoid canopy cover
between lightly, moderately, and ungrazed
areas. Kauffman et al. (1983b) concluded
that areas having greater standing phy-
tomass prior to the cessation of grazing
experience a greater response following
the discontinuation of grazing. Livestock
grazing disturbances do not always elicit
the same responses in herbaceous species
because each riparian area is a unique sys-
tem (Kauffman et al. 1996, Skovlin 1984).
Grazing intensity, season of use, excreta
deposited, and even residual saliva have
the potential to influence the productivity
and botanical composition of a riparian
community (Heitschmidt 1990, Matches
1992), but results are largely a reflection
of the individuality of each riparian area
(Clary 1995, Green and Kauffman 1995).

Conclusions

Riparian ecosystems are important eco-
logical and economic resources in the arid
and semi -arid American West (Fleischner
1994). When conducted properly, live-
stock grazing can be compatible with
riparian systems, provided the mainte-
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nance of their ecological functions are
included as management objectives and
the integrity of the riparian ecosystem is
kept intact (Platts and Nelson 1985). We did
not find cattle grazing to have negative
impacts on the 2 streams studied when
grazed at light or moderate intensities in
cool, warm, or dormant seasons.
Cottonwood densities remained unchanged
under all grazing regimes. Cottonwood
heights increased in all grazed plots and
decreased in ungrazed plots. Mean number
of twigs per sapling increased in all treat-
ments. Herbaceous species richness and
diversity were not affected by grazing inten-
sity, although they were significantly greater
in enclosures grazed during the cool season.

Recommending blanket management
applications (Bryant 1985, Clary and
Webster 1989) for all riparian areas
ignores their inherent complexity and indi-
viduality (Clary 1999, Green and
Kauffman 1995). Virtually all riparian
areas respond differently to similar distur-
bances (Clary 1995). This was a short
term study and changes in community
structure may become more apparent over
longer periods. No single riparian area
management approach is best in all situa-
tions (Clary 1999, Green and Kauffman
1995) but the grazing systems used in this
study appear to have been successful at
maintaining riparian plant communities
and the functions they serve.
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