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erbivore species and grazing intensity regulate community composition
nd an encroaching woody plant in semi-arid rangeland
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bstract

Grazing by livestock can influence ecosystems in various ways, including altering plant communities, influencing woody plant
ncroachment, and determining livestock productivity. Evaluating long term effects of grazing on plant composition is valuable
ot only to understand herbivory on rangelands but to be able to address the primary factors that can threaten long term livestock
roductivity. We examined plant species composition and woody plant encroachment 45 years after the initiation of differing
razing treatments within a semiarid savanna of the southern Great Plains, USA. Grazing treatments varied in herbivore type
domestic cattle, sheep, and goats vs. goats only) and grazing intensity (heavy, moderate, and no-herbivory). All individual trees
f Juniperus ashei Buchholz, the encroaching woody plant of the area, were removed prior to treatment initiation. Moderate
nd heavy grazing by a combination of species resulted in similar plant communities, while a history of heavy browsing by
oats only and no-herbivory resulted in more distinct communities. Cover of J. ashei did not differ between mixed grazing and
o-herbivory treatments, indicating that grazing was not responsible for woody plant encroachment. J. ashei cover within the
rowsed treatment was a third less compared to other treatments; compositional differences within this treatment are possibly
ue to reduced cover of woody vegetation. Declines in livestock productivity of the area are likely related to compositional
hanges resulting from increased woody plants. Livestock production within this semi-arid rangeland is likely unsustainable
ithout management of woody plant encroachment, as communities tend to a closed canopy woodland.

usammenfassung

Die Beweidung durch Viehbestände kann Ökosysteme in verschiedenster Weise beeinflussen, z.B. indem die Pflanzenge-
einschaften verändert werden, die Einwanderung von holzigen Pflanzen beeinflusst oder die Produktivität des Viehbestandes

estimmt wird. Die Bewertung von Langzeiteffekten der Beweidung auf die Pflanzenzusammensetzung ist von Wert, nicht nur
m Herbivorie auf Weideland zu verstehen, sondern auch um die primären Faktoren ansprechen zu können, die eine langfristige

roduktivität der Viehbestände gefährden können. Wir untersuchten die Zusammensetzung der Pflanzenarten und die Einwan-
erung von holzigen Pflanzen 45 Jahre nach dem Beginn von verschiedenen Beweidungsformen in einer semiariden Steppe der
üdlichen Great Plains, USA. Die Beweidungsformen unterschieden sich im Herbivorentyp (Hausrinder, Schafe und Ziegen
s. nur Ziegen) und Beweidungsintensität (hoch, mittel und keine Herbivorie). Jeder individuelle Baum von Juniperus ashei
uchholz, der invasiven holzigen Pflanzenart in diesem Gebiet, wurde zu Beginn der Untersuchung entfernt. Mittlere und
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tarke Beweidung durch eine Kombination von Arten führte zu ähnlichen Pflanzengemeinschaften, während eine anfänglich
tarke Beweidung durch ausschließlich Ziegen und keine Beweidung zu stärker voneinander unterschiedenen Gemeinschaften
ührte. Der Deckungsgrad von J. ashei unterschied sich nicht zwischen gemischter Beweidung und Ausschluss von Beweidung
nd zeigte, dass die Beweidung für die Einwanderung holziger Arten nicht verantwortlich ist. Der Deckungsgrad von J. ashei
ar nach der Beweidung durch Ziegen um ein Drittel kleiner als bei anderen Behandlungen und die Unterschiede in der
usammensetzung innerhalb dieser Behandlung können möglicherweise auf eine verringerte Deckung der holzigen Vege-

ation zurückgeführt werden. Die Abnahme der Produktivität der Viehbestände in diesem Gebiet ist wahrscheinlich mit den
eränderungen in den Zusammensetzungen verbunden, die aus der Zunahme der holzigen Pflanzen folgt. Die Viehproduktion

n diesen semiariden Weideländern ist wahrscheinlich ohne ein Management der Einwanderung der holzigen Pflanzen nicht
achhaltig, da sich die Gemeinschaften zu einem Wald mit geschlossenem Dach entwickeln.

2012 Gesellschaft für Ökologie. Published by Elsevier GmbH. All rights reserved.
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ntroduction

While grazing can be important in shaping and maintain-
ng grasslands and savannas (van Langevelde et al. 2003),
he type, intensity, and impact of herbivory can differ across
cosystems and management approaches (Milchunas, Sala,

Lauenroth 1988). Grazing by domestic livestock for agri-
ultural purposes can affect an ecosystem in many different
ays, including altering plant community composition and
iversity (Belsky 1992; Augustine & McNaughton 1998).
hough often studied as a binary response (grazed vs.
ngrazed), grazing effects are not exclusively regulated by
imple defoliation, but influenced by many factors, includ-
ng number of animals, species, and resource availability
Allred, Fuhlendorf, & Hamilton 2011). For example, vegeta-
ion composition and diversity are influenced by differences
n dental and digestive anatomy, as well as body size, among
ypes and breeds of livestock (Rook, Dumont, Isselstein,
soro, & WallisDeVries 2004). In addition to changes in

pecies composition, grazing can also alter the spatial hetero-
eneity of vegetation (Adler, Raff, & Lauenroth 2001), which
s critical for biodiversity and ecosystem function (Wiens
997). Selective or patch grazing by moose in boreal for-
st (Pastor, Dewey, Moen, Mladenoff, & White 1998) and
omestic livestock in tallgrass prairie (Fuhlendorf & Engle
004) resulted in greater spatial heterogeneity of vegetation.

In many grazing ecosystems around the world, the domi-
ance of woody plants is increasing (Scholes & Archer 1997).
hese changes have consequences for plant composition, for-
ge production, biodiversity, soil erosion, and hydrologic and
arbon cycle impacts (Jackson, Banner, Jobbagy, Pockman,

Wall 2002). Though grazing by domestic livestock is an
ften presumed mechanism of woody encroachment (Archer
994), variable grazing pressures, woody plant longevity, and
ack of long term manipulations or observations make it dif-
cult to evaluate the effect of livestock grazing on woody
lant encroachment (Browning & Archer 2011). Account-
ng for these factors will aid in understanding the effects of

razing on woody plant abundance.

Livestock production is a common and important eco-
omic practice on rangelands worldwide. Changes in plant

i
l
h

ivory; Juniperus ashei; Livestock production

ommunities and woody plant abundance can ultimately reg-
late livestock productivity (Burrows, Carter, Scanlan, &
nderson 1990). Examining grazing effects on plant com-
osition and, in turn, the consequences of these changes for
ivestock productivity, is necessary in evaluating the long
erm sustainability of livestock production. The Edwards
lateau, located within the southern Great Plains, USA, is
ell suited to assess the influence of grazing on vegetation
ynamics in light of livestock productivity. Since the early
900s, livestock production within areas of this region has
teadily declined from 0.67 animal units (AU) ha−1 in 1903
o 0.10 AU ha−1 in 1997 due to reduced carrying capacity
Appendix A, Fig. 1; Smeins, Fuhlendorf, & Taylor 1997;

alker, Johnson, & Taylor 2005). Evaluating long term
hanges in vegetation resulting from grazing may identify
echanisms that contribute to the decline of livestock pro-

uctivity.
In this paper we test the assumptions that grazing inten-

ity and herbivore species alter plant community composition
nd determine the extent of woody plant encroachment. Our
verall objective is to determine the long term effect of graz-
ng on vegetation dynamics in the absence of fire. To do so,
e analyze vegetation data collected in 1993, 45 years after

he establishment of mixed species grazing treatments. We
how that in the semiarid savannas of the Edwards Plateau,
eavy and moderate mixed species grazing does not increase
oody plant abundance and that the direct effects of grazing
n plant composition are dependent on herbivore species and
razing intensity, and are primarily through the regulation of
oody plant encroachment.

ethods

We conducted this study at the Texas A&M
onora Research Station (30◦16′0.1992′′ latitude,
100◦33′55.1052′′ longitude), located within the Edwards
lateau of the southern Great Plains, USA. Annual precip-
tation averages approximately 600 mm; it is bimodal with
argest amounts occurring in the spring and fall. Dominant
erbaceous species include Hilaria belangeri (Steud.) Nash
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Table 1. Summary of grazing treatments from 1948 to 1993 at the Texas A&M Sonora Research Station within the Edwards Plateau, southern
Great Plains, USA. Though stocking rates were variable, from 1948 to 1982 grazing intensity in the heavily grazed treatment was 30–40%
greater than the moderately grazed treatment. At the time of treatment establishment in 1948, all Juniperus ashei individuals were removed
by hand from each pasture, and all pastures had similar plant composition.

Treatment Livestock Stocking rate
(AUY ha−1)

Species ratios (AU;
cattle:sheep:goat)

Goat stocking
rate (AUY ha−1)

Heavy
1948–1969 Cattle, sheep, goats 0.18 2:1:1 0.04
1970–1982 Cattle, sheep, goats 0.20 2:1:1 0.05
1983–1986 Cattle, sheep, goats 0.12 2:1:1 0.03
1987–1993 Cattle, sheep, goats 0.09 2:1:1 0.02

Moderate
1948–1986 Cattle, sheep, goats 0.12 2:1:1 0.03
1987–1993 Cattle, sheep, goats 0.09 2:1:1 0.02

Browse
1948–1969 Goats 0.18 n/a 0.18
1970–1986 Cattle, sheep, goats 0.12 3:1:1 0.02
1987–1993 Cattle, sheep, goats 0.09 2:1:1 0.02
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No-herbivory n/a n/a

ote: Animal unit year (AUY) = 4368 kg or the amount of forage consumed

nd Bouteloua curtipendula (Michx.) Torr. Dominant woody
pecies include Quercus fusiformis Mill, Quercus pungens
iebm var. vaseyana, and Juniperus ashei. Fires within the
tudy area had not occurred for at least 100 years before data
ollection. Plant nomenclature follows Hatch, Gandhi, and
rown (1990).

xperimental design

In 1948, four grazing treatments were established that var-
ed in grazing intensity and herbivore species. The heavily
razed treatment consisted of two 32 ha pastures, continu-
usly stocked with a combination of cattle, sheep, and goats.
tocking rates within the heavily grazed treatment varied
Table 1), but from 1948 to 1983 were 30–40% greater than
he moderately grazed treatment. The moderately grazed
reatment consisted of two 24 ha pastures with a combina-
ion of cattle, sheep, and goats at a moderate stocking rate of
.12 animal unit year (AUY) ha−1; stocking rate was reduced
o 0.09 AUY ha−1 from 1987 to 1993. This treatment was part
f a four pasture, three herd rotational grazing system. Heavy
nd moderately grazed treatments had a 2:1:1 (animal units)
attle, sheep, and goat ratio. The browsed treatment consisted
f two 32 ha pastures that were browsed heavily and con-
inuously by goats from 1948 to 1969 at a stocking rate of
.18 AUY ha−1. From 1970 to 1993 the browsed treatment
as moderately and continuously grazed by a combination of

attle, sheep, and goats at stocking rates similar to the mod-
rately grazed treatment. The cattle, sheep, and goat ratio
hanged from 3:1:1 to 2:1:1 (animal units) during this time.

he no-herbivory treatment consisted of two 12 ha pastures

hat had not been grazed by livestock since 1948.
At the time of treatment establishment, all J. ashei indi-

iduals were removed by hand from each pasture, and all

a
d
a
W

n/a n/a

455 kg animal for one year. Animal unit (AU) = one 455 kg animal.

astures had similar plant composition (Smeins & Merrill
988; Smeins et al. 1997). Though treatment replicates have
een cited as having similar plant composition prior to
he beginning of treatments, we recognize the lack of pre-
reatment data for specific analyses within this paper. For all
astures in the experiment, the grazing history before 1948
as heavy, continuous use. Treatments are summarized in
able 1.

ampling design

We examined plant species composition of treatments in
une and July of 1993, 45 years after treatment initiation. We
stablished two sets of ten 50 m parallel lines in each treat-
ent replicate. We estimated canopy cover of each species,

s well as cover of litter and rock, every alternate meter
long each line using a 0.10 m2 quadrat and Daubenmire
over classes (Daubenmire 1959). Woody species greater
han 1.5 m tall were recorded separately from those shorter
han 1.5 m. Environmental data collected at each quadrat
ncluded average rock size (less than 5 cm, 5–15 cm, and
reater than 15 cm in diameter), soil depth (less than 5 cm,
–25 cm, and greater than 25 cm), and slope (0–2%, 2–3%,
nd 3–5%).

nalysis

To determine the effect of grazing on the cover of woody
pecies J. ashei, Q. fusiformis, and Q. pungens (dominant
oody plants), we averaged quadrats in each treatment unit
nd used individual analyses of variance to examine treatment
ifferences in percent cover. We calculated species richness
nd Shannon’s index of diversity for each treatment replicate.
e also calculated the frequency of J. ashei using quadrats
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Table 2. Mean species richness, mean diversity (Shannon), and
mean frequency of Juniperus ashei (calculated using quadrats within
each treatment replicate) for grazing treatments (n = 2). Number
in parentheses represents one standard error. Different letters indi-
cate differences among treatments (ANOVA and Tukey’s HSD,
P < 0.05).

Treatment Richness Diversity J. ashei freq.

Heavy 45.5 (2.5)a 2.24 (0.06) 32.5 (12.3)
Moderate 69.5 (9.5)ab 2.42 (0.16) 26.2 (4.5)
Browse 70.0 (3.0)ab 2.47 (0.03) 9.9 (1.5)
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ithin each treatment replicate. We used analysis of vari-
nce to examine richness, diversity, and J. ashei frequency
ifferences among treatments.

We used detrended correspondence analysis (DCA; Hill
Gauch 1980) to examine the effects of grazing treatments

n plant community composition. DCA is an ordination
echnique that can be used to summarize similarities and
ifferences among plant communities and infer relation-
hips between sites and environmental gradients (Digby and
empton 1987). Due to sampling design (quadrats within

ransects within pastures), we analyzed data at three spa-
ial scales. We used the range of DCA site scores to assess
patial heterogeneity of vegetation at each particular scale
Fuhlendorf & Engle 2004). Broad scales were measured at
he pasture level; species abundances were averaged across
ll quadrats within a pasture. Intermediate scales were mea-
ured at the transect level; species abundances were averaged
ithin transects in a pasture. Fine scales were measured at the
uadrat level; species abundances of each individual quadrat
ere used.
We used canonical correspondence analysis (CCA; ter

raak 1986) to examine the influence of environmental vari-
bles on species composition within each grazing treatment.
CA is an ordination technique that can also be used to

ummarize similarities and differences among plant commu-
ities. CCA differs from DCA in that environmental gradients
explanatory variables) are known and measured, and are
ncluded in the ordination. Permutation tests can be used to
est for significance of explanatory variables. To determine
he influence of J. ashei on plant communities, we removed
. ashei as a species and its percent cover was included as
n explanatory variable in the CCA, along with litter, rock,
oil depth, and slope. CCA was performed within each treat-
ent separately using species abundances of each individual

ample quadrat. A permutation of 1000 iterations was used to
est the significance of constrained eigenvalues of all CCAs.

e performed all analyses in R (R Development Core Team
011), using the vegan package (Oksanen et al. 2011) for
CA and CCA.

esults

Heavy browsing by goats reduced cover of the woody
lant J. ashei (P < 0.05), but not Q. fusiformis or Q. pungens
Fig. 1). J. ashei cover in the browse treatment was approx-
mately one third compared to other treatments. Species
ichness was greatest in the no-herbivory treatment, and was
early twice as much as in the heavily grazed treatment
Table 2). Diversity (Shannon’s index) was similar across
ll treatments; though frequency of J. ashei appeared low in
astures heavily browsed by goats, frequencies did not differ

mong treatments (Table 2). H. belangeri, a common grass
pecies for the region, was present in all treatments, while
riochloa sericea (Scheele) Munro ex Vasey, a highly palat-
ble forage for livestock, was absent in the heavy grazing

t
a
i
a

o-herbivory 88.0 (13.0) 2.50 (0.08) 32.2 (3.1)

reatment. Rock and litter cover were also high in all grazing
reatments (see Appendix A: Table 1 for relative abundances
f all species).

DCA showed differences in plant community composition
nd spatial heterogeneity among grazing treatments (Fig. 2).
t the broadest scale (pasture level), the ordering of sites

long DCA axis 1 indicated a gradient based upon graz-
ng treatment; sites with no herbivory were situated on the
ar right, while sites initially browsed by goats were on
he far left. The first two axes of the DCA accounted for
2% of the variance, with eigenvalues of 0.1654 and 0.0895,
espectively. DCA site scores revealed distinct separation
mong treatments. The heavy, moderate, and no-herbivory
reatments were more similar to one another, while browse
reatments (heavy utilization by goats for approximately 20
ears, moderate utilization by cattle, sheep, and goats there-
fter) were more distinct. Spatial heterogeneity (measured by
he range of DCA site scores) at the broad scale was greatest
n the moderately grazed treatment and least in the heavily
razed treatment.

At intermediate scales (transect level), the range of DCA
ite scores overlapped considerably, indicating that plant
omposition was more similar among treatments at this scale.
he first two axes of the DCA accounted for 63% of the vari-
nce, with eigenvalues of 0.3659 and 0.2974, respectively.
ean DCA site score of the browse treatment was more dis-

inct than for the other treatments, but was well within the
ariation of other treatments. At the intermediate scale, spa-
ial heterogeneity was greatest in areas with no herbivory. At
ne scales (quadrat level), the range of DCA site scores for
ach treatment were similar to one another and overlapped.
he first two axes of the DCA account for 56% of the variance,
ith eigenvalues of 0.8198 and 0.6968, respectively. Similar

o the intermediate scale, mean DCA site score of the browse
reatment was more distinct compared to other treatments.

The explanatory variables of CCA within each grazing
reatment were significant (P < 0.05). The influence of J.
shei cover on the plant community appeared strongest in
he heavily grazed and no-herbivory treatments (Fig. 3). J.

shei cover limited distribution of nearly all species, includ-
ng the most common herbaceous plants. Litter and soil depth
lso had a strong influence in all treatments; the influence of
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Fig. 1. Percent cover of dominant woody species: (A) Juniperus ashei, (B) Quercus fusiformis, and (C) Quercus pungens after 45 years of grazing treatments. Prior to establishment of
treatments, all J. ashei individuals were removed by hand. Cover was measured separately for trees less and greater than 1.5 m in height. ANOVA and Tukey’s HSD were used to examine
differences among all treatments within tree size classes (trees < 1.5 m, trees > 1.5 m, and all trees). Asterisk (*) indicates significant difference (P < 0.05) within species and tree size class.
Bars are means (pastures; n = 2), error bars are one standard error. Table 1 summarizes treatments.
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Fig. 2. Detrended correspondence analysis (DCA) of plant community after 45 years of grazing treatments, analyzed at three spatial scales.
Left column shows site information for first two axes of DCA; data points are site scores (broad scale) or mean site scores (intermediate
and fine scales). Line segments indicate distance between samples (broad scale) while ellipses encompass all samples within a treatment
(intermediate and fine scales). At broad scales, the ordering of sites along DCA axis 1 indicated a gradient based upon grazing treatment;
sites with no herbivory were situated on the far right, while sites initially browsed by goats were on the far left. Right column shows species
scores for first two axes of DCA. Only the most common species are plotted (Aristida wrightii, Bouteloua curtipendula, Eriochloa sericea,
Hilaria belangeri, Stipa leuchotricha, Juniperus ashei, Quercus fusiformis, Q. pungens). Asterisk (*) indicates woody species less than 1.5 m
in height. Note scale differences among graphs. Table 1 summarizes treatments.



B.W. Allred et al. / Basic and Applied Ecology 13 (2012) 149–158 155
C

C
A

 a
xi

s 
2

−1.5 −1.0 −0.5 0.0 0.5 1.0 1.5

−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

Slope

Soil depth

Rock size

J. ashei

Litter

Heavy

A. wrightii

B. curtipendula

H. belangeri

S. leuchotricha

−1.5 −1.0 −0.5 0.0 0.5 1.0 1.5

−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

Slope

Soil depth

Rock size

J. ashei
Litter

A. wrightii

B. curtipendula

E. sericea

H. belangeri

S. leuchotricha

Moderate

CCA axis 1

C
C

A
 a

xi
s 

2

−1.5 −1.0 −0.5 0.0 0.5 1.0 1.5

−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

Slope

Soil depth

Rock size

J. ashei
Litter

A. wrightii

B. curtipendulaE. sericea

H. belangeri
S. leuchotricha

Browse

CCA axis 1

−1.5 −1.0 −0.5 0.0 0.5 1.0 1.5

−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

Slope

Soil depth

Rock size

J. asheiLitter A. wrightii

B. curtipendula

E. sericea

H. belangeri

S. leuchotricha

No−herbivory
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ock size and slope were similar among treatments. Plant
pecies within each treatment responded similarly to local
nvironmental variables.

iscussion

Grazing by domestic livestock can influence plant com-
unity composition, but is not a simple binary effect (e.g.,

razing vs. no grazing). In the semiarid grasslands of the
outhern Great Plains, plant composition was dependent on
erbivore species and grazing intensity. A combination of
omestic cattle, sheep, and goats at heavy and moderate graz-
ng intensities produced similar plant communities, while
nitial heavy utilization by goats generated a distinct com-

unity. The difference in composition from goat browsing is
ikely attributed to the initial heavy consumption of the woody
lant J. ashei, with continued moderate browsing thereafter.
ercent cover of J. ashei within browsed treatments was

hree times less than other treatments. This browsing effect
n woody establishment and cover has been shown in other
cosystems, specifically African savannas (Prins & van der
eugd 1993; Moe, Rutina, Hytteborn, & du Toit 2009).

Heavy consumption of J. ashei within the browse treat-
ent is the potential mechanism of its reduced cover. Due

o secondary compounds present in leaves, palatability of J.
shei is reduced and often protected from herbivory (Riddle,
aylor, Kothmann, & Huston 1996). Though goat grazing
ith a combination of livestock can increase dietary range

nd consumption of less palatable plants (Utsumi, Cibils,
stell, Baker, & Walker 2010), suppression of J. ashei did
ot occur with mixed species grazing alone. The differences
n stocking densities suggest that it is not simply the presence
f goats, but the intensity of their browsing that is important
or woody plant suppression and overall vegetation impact.
reater densities of goats result in greater dietary range (ani-
als are forced to eat less palatable forage), create a higher

oat to J. ashei ratio, increasing per goat consumption of J.
shei (Taylor, Launchbaugh, & Huston 1997; Utsumi et al.
010). Maintaining this high ratio of goat to J. ashei is likely
ecessary to prevent or reduce encroachment, and is evident
rom the browse treatment. J. ashei cover was lowest within
his treatment, where goat stocking rate was 78% and 84%
igher than heavy and moderate treatments, respectively,
rom 1948 to 1969. The switch from heavy goat browsing
o moderate mixed grazing in 1970 resulted in an approxi-

ate 90% decrease in goat stocking rate, reducing the goat
o J. ashei ratio, and decreasing overall consumption of J.
shei. Although untestable without vegetation data prior to
he lowering of stocking density and the switch in herbivores,
he reduced goat to J. ashei ratio may have been sufficiently
ow to decrease herbivore pressure on J. ashei altogether,

llowing cover to increase to levels present when sampled in
993.

The indirect effects of grazing on plant composition appear
o operate specifically through the manipulation of the woody

e

w
G
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pecies J. ashei. The reduced amount of light near and
nderneath J. ashei trees will alter composition, particu-
arly decreasing cover of graminoid species more than forbs
Fuhlendorf, Smeins, & Taylor 1997). Leaf litter accumu-
ation of J. ashei can further reduce light availability to
erminating plants and influence soil processes, including
utrient cycling and decomposition (Yager & Smeins 1999).
he overreaching effect of J. ashei on composition is evident
hen comparing the browse treatment to other grazing treat-
ents. Initial heavy use by goats only, followed by 25 years

f moderate grazing by cattle, sheep, and goats, reduced J.
shei cover and produced a distinct community compared to
imilar treatments with the same mix of animals. While CCA
howed that the influence of J. ashei on community composi-
ion is similar among treatments, with little or no herbaceous
pecies underneath canopies, the abundance of J. ashei in the
rowse treatment is much less and therefore creates a more
istinct plant community. In this ecosystem, the abundance
f encroaching woody plants is likely just as important as
razing in determining plant composition.

While long term moderate or heavy grazing by the com-
ination of animals did not affect the abundance of J. ashei
r overall community composition, other forms of grazing
r grazing management may produce different effects. Graz-
ng followed by long recovery periods may stimulate grass
roduction, reducing overall tree growth (Riginos 2009),
nd grazing in conjunction with fire may also limit the rate
f increase for invasive species (Cummings, Fuhlendorf, &
ngle 2007). In our study, heavy grazing also resulted in more
omogeneous defoliation and consistently reduced hetero-
eneity at all scales examined. Decreased heterogeneity after
erbivory is often a result of the lack of patch grazing (i.e.,
ore homogeneous grazing), and is likely to reduce habitat

nd organism diversity at many levels (Adler et al. 2001).
The decreased carrying capacity of livestock at this site is

he result of ecosystem changes. It is unlikely, however, that
razing is entirely responsible for the overall reduction of
arrying capacity; if it were, decreases in stocking rates over
he years would restore higher capacities or at least main-
ain capacities, which did not occur. Additionally, some of
he changes we observed occurred equally in ungrazed treat-

ents. Cover of J. ashei increased approximately 30% (from
948 when all trees were removed) across heavily, moder-
tely, and ungrazed treatments. Heavy livestock grazing is
ften an assumed mechanism of woody plant encroachment,
n which grazing reduces the competitive effect of grasses
n tree saplings (Archer 1994; Riginos 2009). Our findings
ontradict this assumption, as heavy and moderate grazing
id not increase tree cover compared to no grazing. Simi-
ar results have been found with shrubs and trees of other
ystems (Browning & Archer 2011), indicating that other
echanisms may be primarily responsible for woody plant

ncroachment.

The cover and increase of woody plants within this region

as historically controlled by fire (Fuhlendorf, Smeins, &
rant 1996). Since European settlement, however, fire has
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een reduced or prevented altogether, while grazing by
omestic livestock has increased. Without fire, increasing
over of J. ashei may likely continue and create a closed
anopy woodland that further alters species composition
nd livestock carrying capacity. Though heavy browsing by
omestic goats, or use of mechanical or chemical meth-
ds, may mimic some of the defoliating effects of fire,
pecific responses between fire and grazing often differ
Limb, Fuhlendorf, Engle, & Kerby 2011) or interact to pro-
ide greater effects (Staver, Bond, Stock, van Rensburg, &
aldram 2009).
At this specific site, overall livestock productivity has

eclined while cover of the encroaching woody plant J. ashei
as increased. Goats may be an effective management tool to
educe or maintain grasslands heavily encroached by J. ashei.

ore research is needed to determine optimum stocking den-
ities and to detect thresholds at which goats successfully
egulate J. ashei. Moreover, as the cover of J. ashei appeared
o be a dominant driver of plant community composition,
he changes resulting from woody plant encroachment may
e as significant as those from herbivory. In the semi-arid
angelands of the Edwards Plateau, management of woody
lants, through herbivores, fire, or other means, may be just
s critical as grazing management for sustainable livestock
roduction.

cknowledgments

We thank Michael Palmer for help with analyses and
iscussion. We also thank reviewers that provided construc-
ive criticism which improved this paper. We gratefully
cknowledge those that develop and maintain the open source
oftware used. B. Allred thanks Angela Allred for support and
ncouragement.

ppendix A. Supplementary data

Supplementary data associated with this arti-
le can be found, in the online version, at
oi:10.1016/j.baae.2012.02.007.

eferences

dler, P. B., Raff, D. A., & Lauenroth, W. K. (2001). The effect of
grazing on the spatial heterogeneity of vegetation. Oecologia,
128, 465–479.

llred, B. W., Fuhlendorf, S. D., & Hamilton, R. G. (2011). The role
of herbivores in Great Plains conservation: Comparative ecology
of bison and cattle. Ecosphere, 2, art26.

rcher, S. R. (1994). Woody plant encroachment into southwestern

grasslands and savannas: Rates, patterns and proximate causes.
In M. P. Vavra, W. A. Laycock, & R. D. Pieper (Eds.), Ecolog-
ical implications of livestock herbivory in the west (pp. 13–68).
Denver, CO: Society for Range Management.

P

Ecology 13 (2012) 149–158 157

ugustine, D. J., & McNaughton, S. J. (1998). Ungulate effects
on the functional species composition of plant communities:
Herbivore selectivity and plant tolerance. Journal of Wildlife
Management, 62, 1165–1183.

elsky, J. A. (1992). Effects of grazing, competition, disturbance
and fire on species composition and diversity in grassland com-
munities. Journal of Vegetation Science, 3, 187–200.

rowning, D. M., & Archer, S. R. (2011). Protection from live-
stock fails to deter shrub proliferation in a desert landscape
with a history of heavy grazing. Ecological Applications, 21,
1629–1642.

urrows, W. H., Carter, J. O., Scanlan, J. C., & Anderson, E. R.
(1990). Management of savannas for livestock production in
north-east Australia: Contrasts across the tree–grass continuum.
Journal of Biogeography, 17, 503–512.

ummings, D. C., Fuhlendorf, S. D., & Engle, D. M. (2007). Is
altering grazing selectivity of invasive forage species with patch
burning more effective than herbicide treatments? Rangeland
Ecology & Management, 60, 253–260.

aubenmire, R. F. (1959). Canopy coverage method of vegetation
analysis. Northwest Science, 33, 43–64.

igby, P. G. N., & Kempton, R. A. (1987). Multivariate analysis
of ecological communities. Chapman and Hall: London; New
York.

uhlendorf, S. D., & Engle, D. M. (2004). Application of the
fire-grazing interaction to restore a shifting mosaic on tallgrass
prairie. Journal of Applied Ecology, 41, 604–614.

uhlendorf, S. D., Smeins, F. E., & Grant, W. E. (1996). Simu-
lation of a fire-sensitive ecological threshold: A case study of
Ashe juniper on the Edwards plateau of Texas, USA. Ecological
Modelling, 90, 245–255.

uhlendorf, S. D., Smeins, F. E., & Taylor, C. A. (1997). Browsing
and tree size influences on Ashe juniper understory. Journal of
Range Management, 50, 507–512.

atch, S. L., Gandhi, K. N., & Brown, L. E. (1990). Checklist of
the vascular plants of Texas. College Station, TX, USA: Texas
Agricultural Experiment Station MP-1655.

ill, M. O., & Gauch, H. G. (1980). Detrended correspondence anal-
ysis: An improved ordination technique. Vegetatio, 42, 47–58.

ackson, R. B., Banner, J. L., Jobbagy, E. G., Pockman, W. T., &
Wall, D. H. (2002). Ecosystem carbon loss with woody plant
invasion of grasslands. Nature, 418, 623–626.

imb, R. F., Fuhlendorf, S. D., Engle, D. M., & Kerby, J. D. (2011).
Growing-season disturbance in tallgrass prairie: Evaluating fire
and grazing on Schizachyrium scoparium. Rangeland Ecology
& Management, 64, 28–36.

ilchunas, D. G., Sala, O. E., & Lauenroth, W. K. (1988). A gen-
eralized model of the effects of grazing by large herbivores
on grassland community structure. American Naturalist, 132,
87–106.

oe, S. R., Rutina, L. P., Hytteborn, H., & du Toit, J. T. (2009). What
controls woodland regeneration after elephants have killed the
big trees? Journal of Applied Ecology, 46, 223–230.

ksanen, J., Kindt, R., Legendre, P., O’Hara, B., Simp-
son, G., Solymos, P., et al. (2011). vegan: Community
ecology package. R package version 2.0-1. http://CRAN.R-
project.org/package=vegan
astor, J., Dewey, B., Moen, R., Mladenoff, D. J., White, M.,
& Cohen, Y. (1998). Spatial patterns in the moose-forest-soil
ecosystem on Isle Royale, Michigan, USA. Ecological Applica-
tions, 8, 411–424.

http://dx.doi.org/10.1016/j.baae.2012.02.007


1 Applied

P

R

R

R

R

S

S

S

S

T

t

U

v

W

W

58 B.W. Allred et al. / Basic and

rins, H. H. T., & van der Jeugd, H. P. (1993). Herbivore popula-
tion crashes and woodland structure in East Africa. Journal of
Ecology, 81, 305.

Development Core Team. (2011). R: A language and environ-
ment for statistical computing. Vienna, Austria: R Foundation
for Statistical Computing.

iddle, R. R., Taylor, C. A., Kothmann, M. M., & Huston, J. E.
(1996). Volatile oil contents of Ashe and redberry juniper and its
relationship to preference by Angora and Spanish goats. Journal
of Range Management, 49, 35–41.

iginos, C. (2009). Grass competition suppresses savanna tree
growth across multiple demographic stages. Ecology, 90,
335–340.

ook, A. J., Dumont, B., Isselstein, J., Osoro, K., WallisDeVries,
M. F., Parente, G., et al. (2004). Matching type of livestock to
desired biodiversity outcomes in pastures – A review. Biological
Conservation, 119, 137–150.

choles, R. J., & Archer, S. R. (1997). Tree–grass interactions
in savannas. Annual Review of Ecology and Systematics, 28,
517–544.

meins, F. E., Fuhlendorf, S. D., & Taylor, C. A. (1997). Environ-
mental and land use changes: A long-term perspective. In C.
A. Taylor (Ed.), Juniper symposium proceedings (pp. 1.3–1.21).
San Angelo: Texas A&M University Press.

meins, F. E., & Merrill, L. B. (1988). Long-term change in semi-
arid grassland. In Edwards Plateau vegetation: Plant ecological

studies in central Texas. Waco, TX: Baylor University Press., pp.
101–114

taver, A. C., Bond, W. J., Stock, W. D., van Rensburg, S. J., &
Waldram, M. S. (2009). Browsing and fire interact to suppress

Y

Available online at www.s
Ecology 13 (2012) 149–158

tree density in an African savanna. Ecological Applications, 19,
1909–1919.

aylor, C. A., Launchbaugh, K., & Huston, E. J. (1997). Improving
the efficacy of goating for biological juniper management. In C.
A. Taylor (Ed.), Juniper symposium proceedings (pp. 5.17–5.22).
San Angelo: Texas A&M University Press.

er Braak, C. J. F. (1986). Canonical correspondence analysis: A new
eigenvector technique for multivariate direct gradient analysis.
Ecology, 67, 1167–1179.

tsumi, S. A., Cibils, A. F., Estell, R. E., Baker, T. T., & Walker,
J. W. (2010). One-seed juniper sapling use by goats in relation
to stocking density and mixed grazing with sheep. Rangeland
Ecology & Management, 63, 373–386.

an Langevelde, F., van de Vijver, C., Kumar, L., van de Koppel,
J., de Ridder, N., van Andel, J., et al. (2003). Effects of fire and
herbivory on the stability of savanna ecosystems. Ecology, 84,
337–350.

alker, J. W., Johnson, J. L., & Taylor, C. A. (2005). Challenges and
opportunities for sustainable rangeland pastoral systems in the
Edwards Plateau of Texas. In J. Milne (Ed.), Pastoral systems in
marginal environments: Proceedings of a satellite workshop of
the XXth international grassland congress July 2005, Scotland
Wageningen, Academic Publishers, Glasgow.

iens, J. A. (1997). The emerging role of patchiness in conservation
biology. In The ecological basis of conservation: Heterogeneity,
ecosystems, and biodiversity. New York: Chapman & Hall., pp.
93–107.
ager, L. Y., & Smeins, F. E. (1999). Ashe Juniper (Juniperus ashei:
Cupressaceae) canopy and litter effects on understory vegetation
in a juniper-oak savanna. The Southwestern Naturalist, 44, 6–16.

ciencedirect.com

http://www.sciencedirect.com/science/journal/14391791

	Herbivore species and grazing intensity regulate community composition and an encroaching woody plant in semi-arid rangeland
	Introduction
	Methods
	Experimental design
	Sampling design
	Analysis

	Results
	Discussion
	Acknowledgments
	Appendix A Supplementary data
	References


