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A Unified Framework for Assessment and
Application of Ecological Thresholds
D. D. Briske, S. D. Fuhlendorf, and F. E. Smeins

This synthesis is intended to promote development of a uni-
fied framework for threshold assessment that is able to link
ecological theory and processes with management knowl-
edge and application. Specific objectives address threshold
mechanisms, threshold components, threshold categories
and trajectories, and an operational threshold definition.
Operational thresholds are based on a probabilistic interpre-
tation of 1) the occurrence of triggers that initiate thresholds,
2) the trajectory of postthreshold states, and 3) threshold
reversibility. A greater understanding of thresholds is neces-
sary because they have become a focal point of state-and-
transition models and their occurrence has critical conse-
quences for land management.

Fire Rehabilitation Using Native and
Introduced Species: A Landscape Trial
Tyler W. Thompson, Bruce A. Roundy, E. Durant
McArthur, Brad D. Jessop, Blair Waldron, 
and James N. Davis

A large-scale fire rehabilitation was initiated comparing a
predominately introduced-species seed mix (BLM), a mix of
native and introduced seeds (ARS), and 2 native seed mixes
(high and low diversity). On drill seeded plots, the native
high-diversity mix had the highest seeded species cover and
density. Aerially seeded and chained plots had similar and
successful seeded species frequency, cover, and density
among all mixes. All seeded plots had lower cover of annual
species than unseeded plots, indicating that revegetation is
necessary to reduce weed invasion following catastrophic
wildfire in big sagebrush communities lacking residual
perennial understory vegetation.

Rotational Grazing Effects on Rangeland
Vegetation at a Farm Scale
Elizabeth J. Jacobo, Adriana M. Rodríguez, Norberto
Bartoloni, and Víctor A. Deregibus

Maximization of livestock production and economic profits
requires maintaining high stocking rates, but excessive graz-
ing often leads to land degradation and loss of biodiversity.
We evaluated the adequacy of rotational grazing at high
stocking rates to improve Flooding Pampa rangeland condi-
tion, compared to continuous grazing. Cover of higher-for-
age-value species (legumes, C3 grasses, and hydrophytic
grasses) increased, whereas cover of lower-forage-value
species (forbs, C4 prostrate grasses) decreased, under rota-
tional grazing. These changes indicate an improvement in
rangeland condition and in carrying capacity, therefore pro-
ductivity and sustainability may be compatible with applying
rotational grazing at high stocking rates.

Sideoats Grama Growth Responses to
Seasonal Fires and Clipping
R. James Ansley, Michael J. Castellano, 
and William E. Pinchak

There is increased interest in the use of summer fires to limit
woody plant encroachment on southern prairie grasslands in
the United States, but collateral effects of summer fires on
grasses are poorly understood. We quantified effects of
repeated winter fires, repeated summer fires, simulated graz-
ing (clipping), and their interaction on yields of the C4
midgrass, sideoats grama (Bouteloua curtipendula). The
results suggest that sideoats grama is tolerant of summer fires
but full recovery requires at least 3 years. In the long term,
summer fire in combination with clipping may stimulate
sideoats grama production compared to winter fire plus clip-
ping or clipping alone.

Nutritive Quality of Big Bluestem
(Andropogon gerardii) and Eastern
Gamagrass (Tripsacum dactyloides) Exposed
to Tropospheric Ozone
John S. Lewis, Stephen S. Ditchkoff, John C. Lin,
Russell B. Muntifering, and Arthur H. Chappelka

Tropospheric ozone (O3) is a phytotoxic air pollutant wide-
spread in industrialized nations of the world and can be
transported from metropolitan to rural areas. The effects of
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tropospheric O3 on 2 warm-season grasses, eastern gama-
grass (Tripsacum dactyloides L.) and big bluestem
(Andropogon gerardii Vitman), were examined during
June–September of 2003. Big bluestem exhibited little
response to O3 exposure. For eastern gamagrass, we general-
ly found decreased nutritive quality with increasing O3 expo-
sure. Range managers can use species-specific information
regarding O3 sensitivity to make decisions about mechanical
harvesting and grazing regimes of these forages growing in
areas exposed to elevated O3 concentrations.

Stockpiled Forage Kochia to Maintain Beef
Cows During Winter
Blair L. Waldron, Dale R. ZoBell, Kenneth C. Olson,
Kevin B. Jensen, and Donald L. Snyder

Extending grazing into the winter, as opposed to feeding
harvested forages, can increase the sustainability of ranching
in the western United States. Changes in cow body weight,
body condition score, and ultrasound backfat were compared
for late-gestation cows grazing forage kochia–crested wheat-
grass pastures vs those fed alfalfa hay in a drylot. Cows graz-
ing forage kochia–grass gained body weight, increased in
body condition, and maintained backfat thickness, finishing
well within the range considered optimum for onset of calv-
ing and return to estrus. Forage kochia can be used to extend
grazing into the fall and winter, thereby improving the prof-
itability of beef production.

Efficacy of Copper Supplementation in the
Prevention of Molybdenosis in Cattle
Walter Majak, Daniel Steinke, Tim Lysyk, Keith Ogilvie,
and Jason McGillivray

Cattle grazing on reclaimed mine tailings rich in molybde-
num (Mo) has been avoided in the past because of the threat
of molybdenosis. To show that cattle grazing is a viable
option, a copper sulphate supplement was provided that
ensured adequate intake of copper to compete with the ele-
vated levels of Mo in the forage. The supplement significant-
ly decreased clinical signs of molybdenosis and permitted
grazing on reclaimed mine tailings with acceptable gains.
Other regions of North America that show elevated levels of
Mo in soils and forages might be considered for cattle graz-
ing if a copper sulphate supplement was provided.

In Vitro Ruminal Fermentation Using
Inoculum From Chamois and Cattle
A. Dalmau, A. Ferret, X. Manteca, and S. Calsamiglia

Few data exist examining the differences in the fermentative
activity of the microbial populations between chamois and
cattle. A dual-flow continuous culture was used to compare
the digestibility of the diet, ruminal fermentation profile,
and nitrogen metabolism of rumen microbial populations

obtained from chamois and cattle inocula. Both microbial
populations had a similar digestion capacity, producing the
same amounts of volatile fatty acids, but with a different fer-
mentation profile, and reduced microbial protein synthesis in
the case of chamois inocula. The in vitro system used is a
useful tool for studying the ruminal activity in wild species.

Predicting Diet Quality of White-Tailed Deer
via NIRS Fecal Profiling
Scott E. Showers, Douglas R. Tolleson, Jerry W.
Stuth, James C. Kroll, and Ben H. Koerth

Determination of diet quality in free-ranging wildlife is
problematic; near infrared spectroscopy (NIRS) of feces is a
noninvasive means to accomplish this task. Fecal NIRS pre-
dictive equations for crude protein and digestible organic
matter were developed utilizing 88 unique diets fed to white-
tailed deer (Odocoileus virginianus). Cross validation, inde-
pendent validation with pen-fed animals, and comparison to
Normalized Difference Vegetation Index data in a wild herd
indicate fecal NIRS can be used to predict diet quality in a
free-ranging population. Georeferenced fecal NIRS predic-
tions, collected at regular intervals in concert with forage
availability, could provide baseline habitat and resource qual-
ity assessments for white-tailed deer.

Fall and Winter Habitat Use by Scaled Quail
in Southeastern Arizona
Kirby D. Bristow and Richard A. Ockenfels

Scaled quail (Callipepla squamata pallida Vigors) are closely
associated with semidesert grasslands of the southwestern
United States, and populations have declined by as much as
50% since 1960. Scaled quail used areas with grass canopy
cover ≥ 26%, tree canopy cover ≤10%, and higher grass-
species richness than randomly available. Land management
practices that reduce grass species richness and cover, and
increase tree cover may reduce scaled quail habitat quality
and availability in southeastern Arizona. We recommend
that semidesert grassland habitats contain a maximum tree
canopy of <6% and grass canopy cover of >25% at the 20-cm
height to provide optimum cover availability.

Changes in Soil Properties and Enzymatic
Activities Following Manure Applications 
to a Rangeland
Jourdan M. Bell, Clay A. Robinson, 
and Robert C. Schwartz

Manure applications to rangelands can increase the land base
available for nutrient assimilation but may also influence
nutrient recycling in soils. We investigated the effects of cat-
tle manure applications and grazing on dehydrogenase and
alkaline phosphatase activities and soil organic carbon, nitro-
gen, and phosphorus in a short-grass, native rangeland. Soil
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P extractability as a proportion of total P applied were simi-
lar for manure and KH2PO4 amendments, possibly as a result
of greater alkaline phosphatase activities following manure
applications that led to enhanced P mineralization.
Therefore, when determining application rates, total manure
P should be considered bioavailable.

Soil Attributes in a Sierra Nevada Riparian
Meadow as Influenced by Grazing
Robert R. Blank, Tony Svejcar, and Gregg Riegel

Data on the effect of livestock grazing on soil nutrient avail-
ability is virtually nonexistent. We measured the effect of live-
stock grazing on soil-solution chemistry, spatially and by soil
depth, across a Sierra Nevada (California) riparian meadow
for 4 years. Overall, the grazed treatment had greater concen-
trations of sodium, calcium, magnesium, and nitrate and less
potassium and ammonium in the soil solution than did the
livestock exclusion treatment, but only near the upland for-
est–riparian boundary. Management goals to sustain high-
elevation meadows should emphasize maintenance of high
root-length densities to sequester soil nutrients.

Grass Repellency to the Red Imported
Fire Ant
Troy Sternberg, Gad Perry, and Carlton Britton

The invasive red imported fire ant continues to cause
extensive ecological and economic damage as it spreads in
North America and elsewhere. We examined the ability of
WW-B.Dahl, an Old World bluestem increasingly used
in pastures, to limit or reduce ant infestations. Pastures
planted with B.Dahl had about one-third the fire ant
mounds found in adjacent pastures, a statistically signifi-
cant difference. A reduction in fire ant mounds can
improve the efficiency of haying operations and reduce
wildlife impacts, suggesting broad uses for WW-B.Dahl
in ant-infested areas.

An Advanced, Low-Cost, GPS-Based Animal
Tracking System
Patrick E. Clark, Douglas E. Johnson, Mark A. Kniep,
Phillip Jermann, Brad Huttash, Andrew Wood,
Michael Johnson, Craig McGillivan, and Kevin Titus

Commercially available animal tracking systems do not meet
the needs of ecological researchers and natural resource man-
agers. The Clark GPS Animal Tracking System (Clark ATS)
was developed to provide large data-storage capacity, remote
data downloading, and continuous real-time data access to
researchers and managers intensively tracking animal behav-
ior over long time periods. The Clark ATS costs less than
$1,000 per unit, stores up to 8 GB of data, uses spread-spec-
trum radio, and requires little power (<100 mW).
Technological advances incorporated into the Clark ATS
enable users to accurately examine animal distribution and
activity responses to acute, short-term disturbances relative
to longer-term behavioral patterns.
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