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This is a great time to reflect a little on the last year. Let’s exam it from some different perspectives. 

The Society had a busy year. A great annual meeting in Hawaii, finalization
of a strategic plan, and a new executive vice president, were just a few of the
big events from the Society’s perspective.

It was also a busy year for me personally. Leaving of friends and co-workers
and moving into the EVP role for SRM were big changes. Getting out to six
different sections and meeting the membership has been a very valuable in my
transition. Seeing different areas of what we call range has given me a new
perspective on our mission.

And no one can deny that it has been an eventful year for the world as a
whole. Ushering in a new millennium was one significant event. Now, a terri-
ble tragedy and a new war have definitely changed our way of life and our
view of the world.

But this is also a time to look forward. I am looking forward to getting out to more sections and seeing more
rangeland. I am looking forward to Kansas City and my first SRM Annual Meeting.

I think the Society will also have another big year. The foundation that has been laid will allow us to continue
to increase the awareness of the important work we do. My recent trip to Washington DC with the Executive
Committee resulted in many new opportunities. There is a commitment to make things happen. 

I see that commitment from different perspectives. I see in the individual members who are volunteering for
committees and leadership positions. I see it in the sections that are focusing on statewide issues. I see it at the
national level with our leadership. I see it from our partners in other associations and I see it from our cus-
tomers – at both the producer level and the agencies.

Let me give you a challenge for the coming year. Try and view what SRM is doing in more than one perspec-
tive. Look at it on a micro and macro level. Look at it on a historic and one year, five year, and ten year per-
spective. Multiple perspectives will give us more information to make better decisions. And isn’t trying to
make the best decisions for our profession, our rangelands, our world and ourselves what we are really trying to
do?—Sam Albrecht, Executive Vice President, SRM.
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Editor’s Note: The high level of satisfac -
tion with the efficacy and cost effectiveness
of individual plant treatments expressed by
four west-central Texas ranchers, coupled
with detailed data on treatment efficacy
and costs from research and demonstra -
tion plots were the catalysts that prompted
range scientists at the Texas A&M
University Agricultural Research &
Extension Center at San Angelo to design
and implement a special program to “mar -
ket” do-it-yourself brush control technolo -
gy to ranchers. Here, they share their story
on the development of the program called
“Brush Busters.” 

The transfer of agricultural technol-
ogy from scientist to ranchers and
rangeland resource managers has al-
ways been a challenge. For example,
for decades research has indicated that
cattle growth implants provide a re-

turn of several dollars for every dollar
invested. Despite  an almost guaran-
teed positive return on the investment,
only 21% of beef producers in south-
central Texas used implants in 1987.
Similar low adoption rates are found
for grazing management practices. 

In spite of the wealth of research
and the emphasis of Extension pro-
grams on flexible stocking to protect
rangeland health, almost half the re-
spondents in a 1990 survey of Te x a s
ranchers indicated they do not make
adjustments in livestock numbers or
use rest-rotation grazing. The failure
of many rangeland owners/managers
to use proper grazing management is
not because of the lack of technology
and information, but rather due to
their failure to adopt and utilize cur-

rently available technology and infor-
mation. 

This situation exists for other tech-
nologies such as weed and brush con-
trol. Many ranchers ignore woody
plant problems until the stands are ma-
ture and dense. By this time, major de-
clines in forage, wildlife habitat, live-
stock production, and net income have
occurred. 

The usual approach is to hire a con-
tractor with heavy machinery or an
aerial herbicide applicator to apply an
expensive reclamation treatment.
Often, there is no plan for mainte-
nance treatments, and the process is
repeated when the brush has again be-
come mature and dense. In many
cases, the brush is allowed to increase
to the point where serious, and some-
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The Brush Busters Success Story

Want producers to adopt new research? This Texas program offers an eff e c-
tive blueprint for successful technology transfer from scientist to landowner.

By Allan McGinty and Darrell N. Ueckert

Fig. 1. ATV's make excellent spray platforms. This 4-wheel ATV, equipped with a 25-gal spray tank and 12-volt "Shurflo" pump, supports
three spray guns, and covers a 40-ft-wide swath.



times irreversible damage occurs to
soils, forage and wildlife habitat.

The traditional approach of infre-
quent treatment of dense brush re-
quires very little managerial or techni-
cal skill. This strategy is not economi-
cally sound because livestock and
wildlife production and net revenue
decrease as brush thickens and ma-
tures. The effective treatment life of
expensive, reclamation treatments is
usually not sufficient to recover treat-
ment costs. 

The traditional approach described
above is not ecologically sound be-
cause as brush matures and thickens,
the abundance and productivity of de-
sirable species decrease and they are
often replaced by less desirable or
noxious species. Topsoil may be erod-
ed, which permanently decreases the
potential of the land to produce forage
and cover. 

Moreover, many conventional recla-
mation brush treatments are non-selec-
tive, and negatively impact biological
diversity and multiple use values of
the land for wildlife habitat, livestock
production, recreation, and aesthetics.
These treatments may present other
economic and ecological risks, includ-
ing inadequate plant kill to meet the
landowners’ management objectives
or expectations; drought that delays or
nullifies the benefits of a brush control
treatment; and potential liability for
damage to neighbors’ forage, crops, or
property.

The increase in brush cover and den-
sity in Texas has exceeded the control
of these plants because of:

• rising costs of conventional, recla-
mation brush control treatments;

• failure of ranchers to use follow-up
treatments to extend overall treat-
ment life;

• failure of landowners to recognize
and treat brush infestations early;

• failure of reclamation treatments to
meet the “plant kill” and
“longevity” expectations of
landowners;

• increasing recognition of the im-
portance of woody plants and
forbs for wildlife;

• new property tax laws that in-
creased landowner incentives for

providing wildlife habitat;
• decreasing oil and gas revenues for

ranchers; and 
• changes in demographics increas-

ing rangeland owners with non-
traditional ownership goals.

In Texas, the decrease in use of con-
ventional brush control methods by
ranchers over the last 25 years has
been shadowed by increasing interest
in  “do-it-yourself” brush control
methods. 

Many effective control methods are
available for selective control of brush
seedlings, saplings, and mature brush.
The eff i c a c y, economics, labor- e ff i-
ciency and acceptability of these indi-
vidual plant treatments have been
greatly improved by several new inno-
vations, including all-terrain vehicles
(4-wheelers) equipped with sprayers
and electric pumps (Fig. 1); light-

weight, backpack sprayers (Fig. 2);
highly effective herbicides and spray-
marking dyes; and simplification and
refinement of application techniques. 

H o w e v e r, the rate of adoption and
learning of the available individual-
plant-treatment technology was slow
because ranchers were inexperienced
with the technology and unaware of
the high levels of plant kill possible
with individual plant treatments. Most
ranchers, rangeland scientists and re-
source management specialists
thought individual-plant-treatment
technology was too labor intensive,
impractical, and cost prohibitive on
large acreages.

Brush Busters Program
Introduced

To address this lack of understand-
ing, Brush Busters programs were de-
signed to appeal to the common sense
of rangeland owners/managers. The
goal of Brush Busters was to expedite
the adoption of individual plant treat-
ments for brush control in Texas. 

Brush Busters emphasized that
brush should be controlled:

1) before debilitation of the forage
and soil resources occurs;

2) while brush is in its most vulner-
able growth stage (i.e. seedlings or
saplings); and

3) before brush plants produce seeds
that will re-infest rangeland or pas-
tures. 

To accomplish this goal, an action
plan was developed in the autumn of
1994, that included the following
steps:

• develop identity for the program
by giving it a unique name and
logo (Fig. 3);

• focus efforts on three major
species, honey mesquite in year 1,
juniper in year 2, and pricklypear
in year 3;

• refine and improve the available
technology where necessary; 

• develop layman-friendly technical
guides, videos, CD-ROM pro-
grams and web pages; 

• establish highly visible demonstra-
tion/research plots to showcase
control methods for each species;
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Fig. 2. Backpack sprayers are relatively
inexpensive and can be used for indi -
vidual-plant stem sprays or leaf
sprays.

Fig. 3.  Brush Busters logo.



• document treatment costs and effi-
cacy, as well as the labor and her-
bicide used for all Brush Busters
control methods; 

• enhance knowledge and adoption
of the technology by rangeland
owners/managers through work-
shops, field days, tours, news re-
leases, and county-level pro-
grams; and

• develop mutually beneficial part-
nerships with industry, agencies,
commodity and special interest
groups to leverage the initial ef-
forts and resources invested in
Brush Busters.

Factors For Success
During the planning process, three

factors were seen as critical to the
recognition, acceptance and adoption
of the Brush Busters program. First,
the marketing program needed a
unique identity. With the assistance of
the Department of Agricultural
Communications at Texas A&M
U n i v e r s i t y, the Brush Busters name
and logo were selected (Fig. 3). 

Second, because treatments had to
be safe and highly effective, a “stan-
dard of performance” for treatments
was established. All control methods
selected for inclusion in the Brush
Busters program had to provide 70%
or greater root kill of the treated
plants. 

And finally, the instructional/educa-
tional materials for selected methods
had to be brief and non-technical. 

Another critical component of the
Brush Busters program was the estab-
lishment of large-scale demonstra-
tion/research plots to “showcase” con-
trol methods. Plots were established in
highly visible locations along major
highways in five west-central Te x a s
counties each summer during 1995
(mesquite), 1996 (cedar)  and 1997
(pricklypear). At each location, teams
of five to seven workers applied the
various Brush Busters methods. The
demonstration sites were identified by
4- x 8-ft signs, visible to all motorist
traveling the highway. All signs were
professionally designed and construct-
ed (Fig. 4).

Data recorded for each treatment in-
cluded the labor, machine time,
amount of spray mixture used, number
of plants treated, and total acres treat-

ed. Costs per plant and per acre (Fig.
5) were calculated for all methods as
well as the quantity of herbicide used
(Fig. 6). 
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Fig. 4. All Brush Busters research/demonstration plots were identified by large, pro -
fessionally designed and painted signs.

Fig. 5. Cost per acre for Brush Busters treatment methods as a function of plant den -
sity. The bold, horizontal line represents the approximate cost for aerial broadcast
herbicide treatments of mesquite and pricklypear.



Mesquite and cedar plots were eval-
uated for root kill 1 and 2 years post-
treatment. Pricklypear plots were eval-
uated for root kill 1, 2 and 3 years after
treatment. The data obtained from
these large-scale demonstrations and
the sites themselves were used to pro-
mote and educate potential users about
Brush Busters methods (Table 1).

In addition to the demonstration/re-
search plots, dozens of smaller, coun-
ty-level demonstrations were estab-
lished by county Extension agents and
Extension specialists in the western

half of the state. Participating counties
were supplied with all herbicides
needed to treat each demonstration
area, detailed instructions on how to
establish, evaluate and publicize the
demonstration, and a 4- x 2-ft Brush
Busters sign for each demonstration.

Information & Education
Materials Kept Simple

All Brush Busters technical guides
were designed to be brief and non-
technical.The educational materials
produced for each target species in-

cluded: a single-page, tri-fold pam-
phlet that describes a 3-step process
for using each Brush Busters control
method; a single-page, tri-fold pam-
phlet for each species that helps users
estimate the cost of each Brush
Busters control method; and a 10-15
min. video for each target species
which demonstrates the respective
Brush Busters treatments. 

For each method, the proper proce-
dures for selecting and preparing the
spray equipment, and for mixing and
applying the sprays are clearly de-
tailed. To assure that the brochures
and videos were user friendly,
“recipe” charts were included to show
how many oz, pt, or qt of each herbi-
cide and spray adjuvant to use for
three popular spray tank sizes (3, 14
and 25 gal).

Brush Busters was also made avail-
able on the Internet. Through TEX-
N AT (Texas Natural Resource We b
http://texnat.tamu.edu) individuals can
obtain all of the information contained
in the pamphlets as well as telephone
numbers for suppliers of the recom-
mended herbicides and spray equip-
ment. The cost and control data from
the Brush Busters research/-demon-
stration plots are also available. The
web site gives phone numbers and e-
mail addresses for answers to specific
questions or comments from landown-
ers/managers (915-653-4576;  

a-mcginty@tamu.edu;
d-ueckert@tamu.edu).
Because mesquite is the major brush

plant in Texas, a CD-ROM program
was developed for the “How to Beat
Mesquite” program. This program
contained video, sound, graphics and
text, allowing the user to access the
specific information required. The
CD-ROM was provided at no cost to
landowners by Dow AgroSciences.

Each County Extension Agent in
Texas that had mesquite, cedar or
pricklypear in their county received a
Brush Busters notebook. The note-
book contained a list of suppliers of
the herbicides and equipment used in
the Brush Busters program, copies of
all Brush Busters leaflets, background
information on mesquite, cedar and
pricklypear, herbicide labels, press re-
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Fig. 6. Quantity of herbicide (lb active ingredient/acre) used by Brush Busters treat -
ment methods as a function of plant density. The bold, horizontal line represents
the amount of herbicide applied per acre to control mesquite or pricklypear using
aerial broadcast sprays.

Mesquite/Stem Spray
Mesquite/Leaf Spray
Juniper/Soil Spot Spray
Juniper/Leaf Spray
Pricklypear/Pad-Leaf Spray

80 ± 11
80 ± 12
93 ±   7
91 ± 10
93 ± 10

61 to 90
61 to 93
84 to 99
76 to 99
67 to 99

Table 1. Mortality of mesquite, cedar and pricklypear, 2 or 3 yr after treatment with
Brush Busters methods. These values represent the average, standard error and
range of 5 locations for each species and method.

Species/Method Rootkill (%) Range (%)



leases, demonstration guides and an-
swers to the most commonly asked
questions.

It was not possible to accomplish all
of the goals and tasks described above
using only the resources available
through the Texas Cooperative
Extension and Texas Agricultural
Experiment Station. Thus, partner-
ships were formed with industry (Dow
AgroSciences LLC, Hi-Pro Animal
Health, and Dupont Agricultural
Products), as well as with other agen-
cies (Natural Resources Conservation
Service, Texas Department of
Agriculture, etc.). 

These partnerships were used to dis-
seminate Brush Busters information to
landowners/managers. Of special im-
portance was the partnership with
Dow AgroSciences, which helped
print and distribute Brush Busters
brochures, videos, CD-ROMs, and
notebooks, and supported tours, field
days and other educational activities.

Did The Program Work? 
Quantifying the adoption of range

management technology in a private-
land state is difficult because there are
no public records of acres treated and
the target species, and quantities of
herbicide sold are held as proprietary
information by the manufacturer or
distributor. 

Fortunately,  Dow AgroSciences al-
lowed access to their sales data, and it
was possible  to estimate acres of
mesquite treated with the two recom-
mended Brush Busters methods from
1995 to 1999.

Based on the assumption that most
mesquite infestations treated with
Brush Busters methods averaged
about 125 plants/acre, it was estimated
that the Brush Busters mesquite stem
spray and leaf spray were used on
247,600 and 155,820 acres, respec-
t i v e l y, in Texas during 1995 (Fig. 7).
Estimated acreage increased to
433,024 acres of mesquite stem
sprayed (a 74% increase) and 181,090
acres leaf sprayed (a 16% increase) in
1999. Total acreage treated by both
methods in 1999 increased an estimat-
ed 52% compared to 1995. 

Only in 1997 was there a significant

decrease in the acreage treated by
Brush Busters methods compared to
the preceding year. This occurred be-
cause conditions were very unfavor-
able for mesquite control, especially
leaf spraying, in 1997. Brush Busters
educational programs, media releases,
etc. encouraged users not to spray that
y e a r. 

Based on these estimates and an av-
erage $25/acre cost for broadcast aeri-
al spraying, in 1999 alone the acreage
of mesquite treated with the Brush
Busters methods saved landowners an
estimated $8.7 million in treatment
costs. It also reduced the quantity of
herbicide used by 20% as compared to
using aerial broadcast spraying.

Why was the Brush Busters program
successful?  Based on a 1999 state-
wide survey of county Extension
agents in Texas, several reasons were
c l e a r. The top four included eff e c t i v e
and predictable kill, relatively low
cost, simple and easily available infor-
mation, and the environmental safety
and selectivity of methods used.

There are limitations to the Brush
Busters program. Individual landown-
ers usually apply the treatments. They
must do so properly to achieve expect-

ed results. The methods used are gen-
erally not effective on large, mature
plants. Also, treatment costs and the
quantity of herbicide used increases
significantly as the size and density of
the brush increases. Success of these
methods depends on early detection of
brush problems and effective educa-
tion of users on the proper and appro-
priate uses of Brush Busters methods.

With continued changes in the demo-
graphics of rangeland owners, ever- i n-
creasing urban encroachment, and
fragmentation of rangelands there will
be an increased need for highly selec-
tive, safe, environmentally friendly in-
dividual plant treatments to manage
brush. These treatments will, in gener-
al, be applied by individual landown-
ers, not commercial applicators. 

To ensure the proper and eff e c t i v e
use of these individual plant treat-
ments, technology transfer programs
must consider the end user.
Educational programs must be simple,
easy to understand, and readily avail-
able. They must use only treatments
that are selective, highly eff e c t i v e ,
provide consistent results, and envi-
ronmentally friendly. These were the
goals of the Brush Busters  program. 
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Fig. 7. Estimated acres of mesquite treated with Brush Busters stem and leaf sprays dur -
ing 1995-1999.



Authors are, respectively: Professor and
Extension Range Specialist, Texas Cooperative
Extension, and Regents Fellow and Professor,
Texas. Agric. Exp. Sta., US Hwy 87 North, San
Angelo, Tex. 76901.

Additional References
Hanselka, W., A. McGinty, B. Rector, R. C.

Rowan, and L. D. White. 1990. G r a z i n g
and brush management on Texas rangelands
– an analysis of management decisions.
Texas Agric. Ext. Serv. College Station.
Unnumbered Report. 22 p.

Kreuter, U.P., H. E. Amestoy, D.N. Ueckert,
and W.A. McGinty, 2001. Adoption of
Brush Busters: results of Texas county exten-
sion survey. J. Range Manage. 54:630–639.

Ladewig, H. and J. Beverly. 1988. South cen-
tral Texas beef herd improvement plan 1983
–1987. Texas Agric. Ext. Serv. College
Station. Unnumbered Report. 56 p.

McGinty, A. and D. N. Ueckert. 1995. Brush
Busters - how to beat mesquite. Texas Agric.
Ext. Serv. and Texas Agric. Exp. Sta. Leaflet
L-5144.

McGinty, A. and D. N. Ueckert. 1996. Brush
Busters—how to master cedar. Texas Agric.
Ext. Serv. and Texas Agric. Exp. Sta. Leaflet
L-5160.

McGinty, A., J. F. Cadenhead, W. Hamilton,
W. C. Hanselka, D. Ueckert, and S. G.
Whisenant. 2000. Chemical Weed and
Brush Control Suggestions for Rangeland.
Texas Agric. Ext. Serv. Bulletin B-1466.

Rowan, R. C. and J. R. Conner. 1995. Small-
acreage livestock operators and resource
management. Rangelands. 17:167–171.

Ueckert, D. N. and A. McGinty. 1997. Brush
Busters - how to take care of pricklypear and
other cacti. Texas Agric. Ext. Serv. and
Texas Agric. Exp. Sta. Leaflet L-5171.

Ueckert, D. N. and A. McGinty. 1999a. Brush
Busters—how to estimate costs for control-
ling pricklypear. Texas Agric. Ext. Serv. and
Texas Agric. Exp. Sta. Leaflet L-5290.

Ueckert, D. N. and A. McGinty. 1999b. Brush
Busters— how to estimate costs for control-
ling small mesquite. Texas Agric. Ext. Serv.
and Texas Agric. Exp. Sta. Leaflet L-5291.

Ueckert, D. N. and A. McGinty. 1999c. Brush
Busters—how to estimate costs for control-
ling small cedar. Texas Agric. Ext. Serv. and
Texas Agric. Exp. Sta. Leaflet L-5292.

RANGELANDS 23(6)8

Specifics On The Control Methods Selected
All control methods selected for the Brush Busters program had to provide

70% or greater root kill of the treated plants – mesquite, cedar and prickly-
pear. Landowners were given several control methods for each plant.

Two methods were selected for the Brush Busters “How to Beat Mesquite”
program. One was a leaf spray (i.e., high-volume foliar spray) which contains
0.5% clopyralid + 0.5% triclopyr (trade names Reclaim  and Remedy , re-
spectively; Dow AgroSciences LLC). The herbicides are applied in a water
carrier with 0.25% surfactant.  A small quantity (1/3 oz/gal) of Hi-Light
spray-marking dye (Becker Underwood Inc.) is added to the leaf spray to help
workers avoid missing plants or spraying the same plants twice. 

The other mesquite control method was the stem spray (i.e., low-volume
basal stem spray). The stem spray contains either 15 or 25% triclopyr in a
diesel fuel carrier, the stronger concentration being recommended for
mesquite stems with a basal diameter greater than 1.5 in., and/or rough bark.
The stem spray is applied evenly, around the lower 12 in. of all mesquite
stems, but not to the point of runoff.

Attention to proper spray equipment was a critical aspect of the Brush
Busters program. A ConeJet  5500-X1 adjustable cone nozzle (Spraying
Systems Co.) was recommended for applying the stem spray. Before Brush
Busters was initiated, extensive field testing showed this nozzle minimizes
herbicide use, cost, and grass damage, while maximizing deposition of the
spray mixture on the target.  The ConeJet  5500-X1 nozzle delivers only
about 20% as much spray as nozzles that are commonly provided with back-
pack sprayers or hand-pressurized garden sprayers. A ConeJet  5500-X6 or
X8 was recommended for the leaf spray.

Three methods were included in the Brush Busters “How to Master Cedar”
program. (The name cedar was used instead of  “juniper” because landowners
in Texas more commonly know the plant by this name). One method was a
leaf spray containing 1% picloram (Tordon 22K ; Dow AgroSciences LLC ).
The herbicide is applied in a water carrier with a surfactant (0.25%) and
spray-marking dye (1/3 oz./gal.). 

The second method was called a soil spot spray. This method uses a spot
gun or automatic syringe to apply a precise dose of undiluted hexazinone
( Velpar L; DuPont Agricultural Products) on the soil surface beneath the
cedar plant. The recommended rate is 2 cc for every 3 ft of height or canopy
diameter for plants less than 6 ft tall. The rate is doubled for redberry juniper
over 6 ft tall. Hand grubbing is also a recommended Brush Busters method
for controlling cedars less than knee high.

The Brush Busters “How to Take Care of Pricklypear” program includes
one herbicide and one mechanical control method. The herbicide method is a
pad/stem spray containing 1% picloram, applied in a water carrier with a sur-
factant (0.25%) and spray-marking dye (1/3 oz./gal.). The mechanical method
is hand grubbing and stacking.



On southwestern U.S. rangelands,
mesquite reduces forage production
and interferes with livestock foraging
and management. This represents a
major threat to the economics of live-
stock production and possibly to wa-
tershed quality and yield. The income
from the non-treated land versus in-
come from treated land, less the cost
of brush treatment and follow-up
maintenance, determines the econom-
ics of brush control. 

We conducted an economic compar-
ison of treating mesquite with pre-
scribed burning at an interval of 5-7
years or aerial spraying with a root-
killing herbicide that has a treatment
life of 15–20 years. Our analyses
apply to ranches that are 4,000 to
50,000 acres in size with mesquite that
needs a “brush reduction” treatment.
These comparisons are simulations
based on productivity estimates for
clay-loam soils in north Texas. The
costs and benefits of carrying out par-
ticular management actions are com-
pared with the value in lost forage
productivity due to not treating the
brush. Net present values and benefit-
cost ratios are decision aids for select-
ing which treatment will be the best
investment.

The economic efficiency of treating
brush with fire or herbicide was esti-

mated by determining the diff e r e n c e s
in net present value and benefit-cost
ratio of treated vs. untreated land over
a 30-year period for a hypothetical
20,000-acre ranch. 

A project was considered economi-
cally feasible if discounted returns ex-
ceed discounted costs (i.e. net present
value > 0). Treatments with higher net
present values were considered eco-
nomically superior. The benefit-cost
ratio was calculated by dividing the
present value of returns (benefits) by
the present value of treatment costs
and maintenance. The benefit-cost
ratio must be greater than 1.0 for the
treatment to be economically feasible.
The changes in land value were not
taken into account because land values
are often unrelated to productivity and
are frequently driven by speculative
investors. 

The analyses were based on the as-
sumptions that income and operating
costs are incurred at the end of each
y e a r, while initial treatment costs
occur at the beginning of year 1.
Treatment costs were based on data
from the Waggoner Experimental
Ranch in north Texas. The projected
income over costs is also calculated
for each 30-year scenario. Since net
present value and benefit-cost ratio es -
timates are correlated, we discuss only

the net present value of each treatment
analyzed. However, benefit-cost ratios
are also presented to accommodate
preferences for either measure. 

Analysis showed no sensitivity to a
range of discount rates so a rate of 5%
is used. We used the current rate for
leased cow-calf ranchland in the
Rolling Plains of Texas of $90
/Animal Unit/year. The parameter val-
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Fire vs.
Herbicide?

The economics of her-
bicides and prescribed

fire are compared 
in managing mesquite.

By Richard Teague1, Jim

Ansley, Urs Kreuter, Jim

McGrann, and Bill Pinchak

Explanation Of Economic Terms
Benefit-Cost ratio – The return for each

dollar invested. A benefit-cost ratio of
2 means for every $1 invested a re-
turn of $2 is realized.

Discount rate – The rate at which a dol-
lar is decreasing in value with time. 

Present value of costs– Value of costs
adjusted to account for the decreasing
value of a dollar into the future.

Present value of returns – Value of re-
turns adjusted to account for the de-
creasing value of a dollar into the fu-
ture. 

Net present value – A dollar now will be
worth less in the future due to infla-
tion and other factors. For instance, at
a discount rate of 5%, for every $1
now, you would need $4.32 in 30
year’s time. Net present value is a
means of comparing a present dollar
with the same dollar value in the fu-
ture.  

Plate 1. Mesquite in early summer after application of prescribed winter burn. 













The ecological effects of wildfires
are typically beneficial given the
natural role of fire in perpetuat-

ing ecosystems. Fires remove dead and
built-up vegetation that hinders new
growth and quickly releases nutrients
bound up in litter, enriching the soil.
Depending on fire severity and plant
characteristics, many plants will sur-
vive and reinitiate growth soon after a
fire. 

H o w e v e r, the ability of survived
plants to reestablish, thrive, and reseed
in subsequent years will be greatly af-
fected by the presence of invasive
plants. These non-indigenous, highly
competitive and aggressive plants in-
vade and displace native plant com-
munities. Burned area invasive plant
presence can occur as a result of im-
proper preventative management or
survival of invasive plants existing
prior to the fire. 

Burned areas can contain high nutri-
ent levels, exposed ground surfaces,
and low shade with high light condi-
tions. These disturbances directly favor
colonization of new and survived inva-
sive plants. Survival coupled with dis-
turbances produced by fire can cause
rapid and expanded invasive plant
growth. 

As a result, values such as wildlife
habitat, livestock forage production,
watershed stability, and water quality
often deteriorate. If permitted to reach
l a rge infestation levels, the invasive
plants will persist and be difficult and
expensive to manage. 

To prevent invasive plants from
overtaking burned areas, all burned
and adjacent areas should be managed
using a burned area invasive plant
management plan. When properly de-
signed and implemented, an invasive
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What To Do When Fires Fuel Weeds
A step-by-step guide for managing invasive plants after a wildfire.

By Kim M. Goodwin and Roger L. Sheley

A high-intensity fire during the Yellowstone NP, U.S.A. fires of 1988. Photo courtesy
of the Bureau of Land Management.









inclusion of an eradication program:

• Determine size and density of
patches to prioritize management
e fforts (small patches with low
density are most responsive to
eradication)

• Annually determine changes in
patch size and density to evaluate
management efficacy (modify
management if patch size and
density are not decreasing over
time)

• Flag the patches for easy relocation
during the vulnerable seedl-
ing/rosette stage during spring
months 

• Frequent visits to:

• Implement weed removal
through hand-pulling (if appro-
priate) or herbicide treatments

• Hand-pull or clip, bag, and burn
plants prior to seed dispersal

• Implement revegetation eff o r t s ,
if desired vegetation cover is
inadequate within patches

Managing Large Infestations
Infestations that survived or devel-

oped as a result of fire disturbance
coupled with nonexistent or inade-
quate weed management, will require
management directed by an integrated
weed management plan. The plan
should prevent expansion and/or
greatly limit seed dispersal, while also
providing management towards the
reestablishment of healthy plant com-
munitie by shifting the competitive
balance through revegetation when de-
sired vegetation cover levels are low.
There are four main management
methods that, when combined as nec-
e s s a r y, can be effective in managing
large infestations: mowing, herbicides,
cultural control, and in some cases,
biological control.

Mowing—Proper timing of mowing
is central in managing large infesta-
tions to limit seed production while
also encouraging competitive vigor of
desired vegetation, if present within an

infestation. The most effective time to
mow is during the early bud stage.
Mowing each time the infestation
reaches this growth stage can weaken
the infestation over time by eventually
depleting root reserves. This timing is
especially important when mowing
rhizomatous weeds since these root
systems have large energy storage ca-
pacities. Frequent mowings may be
necessary, but only after any regrowth
has reached the early bud stage. 

Infestations containing moderate to
high levels of desired vegetation
should be mowed short (to two inches)
when the invasive plants have reached
the early bud stage and the grasses
have reached dormancy. This encour-
ages unrestricted grass growth and
maintenance of strong competitive
vigor needed to minimize re-invasion.
This also allows the grasses to pro-
duce and disperse seed for next years
stand. Depending on the type of domi-
nant grass, some weeds will bolt (or
extend) above the height of these
grasses. If the grasses have not
reached dormancy, mowers can be set
at a height directly above the seed
heads of the grasses. This way, a per-
centage of the invasive plants are de-

foliated, reducing vigor and seed pro-
duction, while increasing resource
availability to the neighboring grasses. 

H e r b i c i d e —Herbicides can provide
e ffective management when adequate
desired vegetation cover is present.
The absence of such cover will allow
the target weed or another weed
species to become established after the
residual effects of the herbicide have
dissipated. To attain long-term control
of an infestation with herbicides,
revegetate as necessary.

The most effective time to apply a
n o n-residual systemic herbicide to an
infestation is during the seedling/rosette
stage, the most vulnerable period for
perennial invasive plants. Other eff e c-
tive times include the period between
the bolt and early bud stage, and the fall
regrowth stage. Herbicide treatments
during these periods will ensure herbi-
cide translocation to roots that can erad-
icate the plant or greatly reduce its
vigor. 

Timing of soil-residual herbicides is
less important than herbicides with no
residual activity because plants that
e m e rge and begin to grow within the
treated soil zone are still exposed to
the applied herbicides through the
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Spotted knapweed regrowth two weeks after an August 2000 fire. Desired plants are ab -
sent and spotted knapweed is taking early advantage of fire-produced disturbances. Photo
courtesy of Bitterroot National Forest, Montana.



roots. The best application times for
soil-residual herbicides are during the
spring or fall months. 

Herbicide treatments can be used to
contain or control a population, depend-
ing on infestation size. A moderately
sized infestation, too large to eradicate,
could receive infestation-wide herbicide
treatment. Revegetation, if necessary,
could follow as a fall-dormant seeding. 

Very large populations, too large for
c o s t - e ffective control, could be con-
tained by applying an appropriate her-
bicide to the borders of the infestation.
This approach is designed to concen-
trate efforts on the advancing edge of
the infestation. Containment programs
for very large populations typically re-
quire a long-term commitment to her-
bicide application because these pro-
grams are not designed to eliminate or
reduce the infestation level, only to
limit its spread. In most cases, con-
taining infestations that are too larg e
to eradicate is cost effective because it
preserves adjacent, uninfested areas
and enhances the success of future
l a rge-scale control programs (Sheley
et al. 1999).

Cultural—Cultural control methods
promote the growth and competitive
ability of desired vegetation by estab-
lishing and properly managing a
healthy plant community. This can

provide competition against present
invasive plants and relative weed-re-
sistance to future invaders. Cultural
control methods include revegetation
and grazing.

L a rge infestation revegetation ef-
forts are oftentimes expensive because
of the number of attempts required for
success and the number of field entries
needed to maximize the potential for
seedling establishment (Sheley et al.
2001). However, a “single-entry” ap-
proach may provide cost-effective and
reliable revegetation success. Wi t h
one late-fall field entry, a residual
broadleaf herbicide could be applied
simultaneously as competitive grasses
are seeded with a no-till drill

In one study, Sheley et al. (2001)
combined eight herbicide treatments
and three grass species at two spotted
knapweed infested sites in southwest
Montana. The best revegetation success
resulted from the application of To r d o n
2 2 K® at 1/2 or one pint per acre with
‘Luna’ pubescent wheatgrass as the
seeded species. This cost-effective and
reliable “single-entry” revegetation
strategy could be a major component of
many sustainable weed management
p r o g r a m s .

Cultural control through domestic
sheep grazing is an effective method
in managing broadleaved weed infes-
tations while assisting the successional

process towards a perennial grass cli-
max community. When properly im-
plemented, these benefits are accom-
plished through the inherent dietary
preferences of domestic sheep that
tend towards forbs (e.g. broadleaved
weeds).The optimum time for domes-
tic sheep grazing is during the early
bud stage. This stage is most suscepti-
ble to defoliation and will have the
maximum impact on an infestation.
Repeated grazing during this suscepti-
ble period can weaken the infestation
and over time, can reduce the ability
of the infestation to compete with de-
sired plants. 

E ffective control of large infesta-
tions by reducing densities through
grazing is a long-term commitment.
During the first few years, sheep graz-
ing can initially increase infestation
stem densities by removing apical
dominance and stimulating growth of
root buds in certain rhizomatous
weeds such as leafy spurge. But over
time, grazing can begin affecting un-
derground reserves and eventually re-
duce stem densities. For instance, in
Saskatchewan, Canada, summerlong
continuous sheep grazing on leafy
spurge had no effect on stem densities
for the first three years, after which
densities declined dramatically
(Bowes and Thomas 1978).

Biological–Biological control meth-
ods reunite a target weed with its host-
specific natural enemies. This control
method is an alternative management
strategy that can be effective on some
l a rge-scale invasive plant infestations
by having the ability to provide long-
term, cost-effective, sustainable con-
trol. However, biological control will
not eliminate or entirely prevent spread
of the target weed; it aims instead at
reducing the target weed density to a
stable, non-damaging level based on
an acceptable minimum. 

Biological control can be most ef-
fective when combined with other
management techniques, specifically
cultural methods such as grazing and
revegetation. For instance, Hansen
(1993) stated that in small-scale field
trials, sheep grazing and the flea bee-
tle (a root feeder) reduced densities of
leafy spurge more than sheep grazing
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Proper implementation of a burned area weed management plan can direct recovery to -
wards a healthy, relatively weed-resistant plant communities. Photo courtesy of the Bureau
of Land Management.



or the flea beetles did alone, after
three years.

Conclusions

Fire-produced disturbances directly
favor colonization of new and survived
invasive plants. To prevent establish-
ment, mitigate reestablishment, and es-
tablishment and maintain healthy, weed-
resistant plant communities that meet
land use objectives, burned and adjacent
areas should be managed under a burned
area invasive plant management plan.
This includes revegetation if anticipated
or actual desired vegetation levels are
inadequate to efffectively compete for
available resources. A burned area plan
also includes the implementation of
weed preventation strategies by limiting
weed seed spread and implementing an
early weed detection program through
systematic monitoring.

Small weed patches can be eradicat-
ed where invasive plants are removed
and steadily replaced with desired
vegetation until all viable seeds are
depleted from the soil. Large infesta-
tion management should focus toward
the reestablishment of healthy plant
communities. This can be accom-
plished by integrating management
methods such as mowing, herbicide,
cultural, and/or in some cases, biologi-
cal control followed by revegetation if
desired vegetation cover is inadequate.
Evaluate management eff e c t i v e n e s s
and modify techniques if management
objectives are not being met.

Authors are Project Specialist and
Associate Professor, respectively,
Department of Land Resources and
Environmental Sciences, Montana State
University, Bozeman. 
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In the widespread landscapes of the western United
States there is a need for natural resource monitoring sys-
tems that allow ranchers, government agencies and private
land owners to make land management decisions. There
are no generally accepted and easily applied criteria for
evaluating and comparing health of riparian ecosystems. 

Riparian habitat quality measures how well it supplies
various ecosystem functions, services and products. We
have developed and tested a survey that focuses on 10 indi-
cators of riparian health. These range from vegetation
cover to streambed geology. Each criterion is semi-quanti-
tatively evaluated on a scale of 1 to 4, with 4 the healthiest
and 1 the least healthy. This approach is based on riparian
survey experience gained by the authors and several ripari-
an professionals. 

In this article, we’ll look at our 10 basic indicators of ri-
parian health and demonstrate their application on the
Montana Allotment in southeastern Arizona (See “A
Grazing Success Story,” page 24.)

Riparian Evaluation Methods
Several criteria for evaluating the health of riparian habi-

tats in the western United States have been suggested by re-
searchers in the past. Although these criteria are often orient-
ed toward stream habitats for fish, they can be adapted for a
wider range of organism classes, including birds. A riparian
environment that is healthy for fish and birds is considered
healthy for a wide range of other ecosystem organisms. 

The 10 criteria we consider most useful to evaluate
aquatic habitat are described in Table 1. The amount of
flow and types of aquatic insects are included in perennial
stream systems. Let’s discuss these criteria:

1 & 2) Streambed Geology and Embeddedness—
Streambed geology plays a critical role in maintaining a
continuous flow of water, oxygen and food sources for var-
ious organisms. Stream geology can be evaluated by walk-
ing in a zig-zig pattern and stopping every two steps to de-
termine the size of material in front of the evaluator’s toe.
If more than 50% of material is comprised of gravels, cob-
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To Evaluate Rangeland Riparian Health

These steps provide a simple, semi-quantitative guide for evaluating
riparian health.

By William Fleming, Dee Galt and Jerry Holechek

10 Steps



bles and boulders, the habitat is considered optimal. At
least 20 samples should be selected in each stream reach
and size percentages calculated. If more than 50% of the
substrate is sand size or smaller, the habitat is considered
“poor”. If more than 50% of the substrate is gravels, cob-
bles and boulders the habitat is considered “excellent”. 

Embeddedness measures how much of the surface area of
l a rger substrate particles is surrounded by fine sediment
(sand, silt and clay). This parameter allows an evaluation
of the streambed as a habitat for benthic macroinverte-
brates (fish food) and spawning fish. Heavy silting is an in-
dication of upstream watershed disturbance and is known
to cause a reduction in insect diversity and production.

3) Width/Depth Ratio—The ratio of channel width to
depth is optimal for fish and aquatic insect habitat if less
than 7:1. A very wide and shallow stream with a
width/depth ratio of more than 25:1 is considered poor
habitat for fish and the macroinvertebrate food supply they
depend on. A tape measure and yard stick are used to mea-
sure the width and depth of the channel.

4) Bank Stability—Bank stability is considered excellent
if less than 10% of the banks are vertical and unvegetated if
not rock ledges. If more than 50% of bank area or length is
in unstable and eroding  condition, it is rated poor as this in-
dicates degraded habitat for fish and aquatic insects.

5) Pool/Riffle Ratio— Optimal riffle to stream width
values for aquatic insects and fish are given in Table 1.
Aquatic communities thrive in an integrated environment
(substrate, food availability, current, etc.). Maximum vari-
ability in streambed morphology generally supports highest
species diversity. Upstream land use activities can pro-
foundly change pool/riffle relationships. The evaluator uses
a tape to measure the average distance between riffles and
the width of the channel.

6) Buffer Wi d t h —Vegetative buffer strips are effective in
filtering pollutants such as sediment and nutrients from
streams. Twenty yards of buffer width is sufficient for
healthy riparian conditions. Where riparian areas have very
steep slopes and/or involve heavily fertilized agricultural
r u n o ff, a wider buffer may be necessary. The entire riparian
b u ffer zone on the side of the stream nearest to disruption
(road, housing development, row crop, etc) is measured. If
the vegetated width is less than 20 feet, it is considered poor.

7 & 8 & 9) Vegetation Characteristics—Vegetative di-
versity is evaluated by determining how many species
occur in the riparian area. Twenty or more perennial plant
species in the riparian zone is considered optimum while
less than six species is poor. 

Vegetation cover, expressed as a percent, is estimated by
randomly choosing a transect direction to walk and noting
at toe point on every other step either live vegetation cover,
l i t t e r, or bare soil. Greater than ninety percent vegetation
cover is considered excellent for erosion control, while less
than 50% is considered poor.

10) Canopy Shading—Shading provided by vegetation
canopy cover is important in reducing summer water tem-
peratures and mediating solar energy available for photo-
synthetic activity and primary production. Shade condi-
tions are considered to be optimal when alternating areas of
a stream reach receive direct sunlight, complete shade and
filtered light. The evaluator estimates the percentage of sun
and shade by looking upstream and downstream from the
middle of the stream reach. The optimal is 50% of the
stream receiving shade. Noon is the ideal time to do this
survey.
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Table 1. Description of health indices used to evaluate riparian habitat.

Parameter       Excellent            Good             Fair             Poor      
Score 4 3 2 1

Riparian vegetation 3 height classes 2 height classes 1 height class sparse 
Structural diversity grass/tree/shrub vegetation

Bank stability >90% stable 50-90% stable 10-50% stable <10% stable

Vegetation cover >90% 70-90% 50-70% <50%

Buffer width >18 m 12-18 m 6-12 m <6 m

Vegetation diversity >20 species 15-20 5-14 <5

Embeddedness <25% 25-50% 50-75% >75%

Canopy shading mixed/sun shade sparse canopy 90% sun or no shade
shade

Width/depth ratio <7 8-15 16-25 >25

Pool/riffle ratio <5 6-15 16-25 >25

Streambed geology >50% boulders 25-50% 10-25% <10%
cobbles, gravels
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temporary flows cease and the subflow can no longer resupply small pools, the trapped fish die.
Grazing management on the Montana Allotment involves a modification of the Santa Rita rest-rotation grazing sys-

tem. This system was initiated on the Montana Allotment in 1990-91 after a six-year period of fence-building and water
development made possible the change from a two-pasture, yearlong continous grazing program.

Through cooperation between the Coronado National Forest and the Chiltons, the rest-rotation system designed and
implemented on the Schumacher and Warsaw pastures provides for summer grazing in alternate years. After four
months of summer grazing the grazed pasture is rested for a 20-month period. Schumacher Pasture is grazed in even
numbered years while Warsaw Pasture is grazed in odd numbered years. Ruby Pasture is grazed in the spring every year
and Chiminea Pasture is grazed in late fall and winter every year. Forest Service surveys in 1983 noted a total of seven
cottonwoods in all the drainages in the Montana Allotment and cited a general lack of riparian vegetation. Va r i o u s
Forest Service range conservationists on the Coronado (Larry Allen, George Proctor, Duane Thwaits) have described a
lack of deergrass cover in the bottoms, the near absence of riparian tree recruits and the dominance of annuals and
shortgrasses on the uplands of the Montana Allotment prior to the 1990’s.

In 1996, after the new grazing system had been in place for five years, all riparian trees in California Gulch were cen-
sused. Trees were identified and placed in age classes in each reach of the Gulch to create a quantitative record that
could be updated in 5-year intervals to document trends in riparian recruitment under the rest-rotation grazing system.
The census tallied hundreds of riparian trees growing in reaches where they had been mostly absent 13 years earlier.

Various grazing intensity surveys initiated by the Chiltons in spring 1998 show conservative use of Montana
Allotment pastures. The Montana Allotment has been in a strong upward trend over the last 16 years based on various
surveys by range consultants and Forest Service range conservationists (Table 2). A significant shift in composition
from short grasses (curly mesquite) to more productive, palatable midgrasses (sideoats grama) has occurred over the pe-
riod from 1984 to 2000 (Table 2). Precipitation in this period was 104% of the long term average (18 inches). Most of
this shift occurred in the 1990’s. An intensive forage production survey in winter of 2000 showed perennial grass pro-
duction averaged 986 pounds per acre across the allotment (Table 2) after a year of near average precipitation. This
same survey showed about 69% of the climax vegetation remained on the allotment using the USDA-Natural Resources
Conservation Service criteria for evaluating range condition. This is considered to be high good or late seral ecological
condition. The primary perennial grass encountered on upland areas was sideoats grama. 

Riparian Survey Results We applied the riparian health evaluation protocal described in the Flemming et al. “10
Steps” article in this issue to the Montana Allotment in southeastern Arizona over a two day period, and all eight sites
were found to be in good to excellent condition (Table 3). The average riparian score was 3.54 (excellent). Vegetation
diversity, bank stability, and streambed geology received a 4 at all sites. Canopy shading and width/depth ratios could
be improved on a few of the sites. Significant numbers of riparian tree recruits were observed. These included various
willow species, ash, and cottonwoods.

Each site was rated for 10 parameters, except for 4 sites with insufficient flow to determine the pool/riffle ratio (Table
3). Numerical ratings were summed for each site and the total divided by the number of parameters evaluated to deter-
mine the rating. A site with a score between 3.5 and 4 was rated “excellent,” between 3.0 and 3.5 “good,” between 2.0
and 3.0 “fair,” and less than 2.0 “poor.”  The eight sites received ratings ranging from 3.2 to 3.7, which are all in good
or excellent categories.

We have quantitatively evaluated riparian health at several locations in the southwestern USA. The Montana
Allotment is a positive standout among all the sites we have evaluated that received livestock grazing. The rest rotation

Table 2. Precipitation, stocking level, forage production, grazing use, and rangeland ecological condition on the Montana Allotment for the 1984-
2000 period.1

1984 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000   

Precipitation (inches/year) 27.74 15.56 19.43 27.57 22.63 18.54 17.30 16.00 28.25 16.35 14.00
Actual cattle animal unit years — 125 400 490 490 492 495 491 500 476 380
Fall perennial forage standing — — — — —- — 1,005 —- — 986 —-
crop (lbs/acre)

Forage use % (across all pastures) — — — — — — — — 23 23 25
Forage use % (grazed pastures) — — — — — — — — 36 35 38
Range ecological condition scores 21 — — —- — — 68 —- — 69 —-
1Data from Forest Service range monitoring reports and range consultant reports (Holechek and Galt 1998, Galt and Holechek 2000).
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grazing system in conjunction with conservative grazing over the past 10 years has promoted a high degree of riparian
vegetation diversity and bank stability as well as excellent streambed geology conditions on the 7 grazed sites.

Our survey indicates that carefully controlled grazing may promote the same rate of riparian improvement as grazing
exclusion on some sites. The Forest Service exclosure (Table 3) had a similar score to four of the other sites. Overall the
seven grazed areas had a mean score of 3.5 compared to 3.6 for the exclosure. The Forest Service exclosure was in the
grazing rotation until July 1998.

Range management effectiveness is based on ecological condition, trend, grazing intensity and grazing capacity
(Holechek et al. 2001). Using these criteria, we consider the Montana Allotment to be a primary grazing management
success story in the southwestern USA (Tables 2 and 3). Quantitative data and photographic records (Figure 1 and 2)
collected by various range professionals on the Montana Allotment show both upland and riparian areas across the allot-
ment to now be in high ecological condition. 

A very strong upward trend has occurred over the past 16 years. Grazing intensity levels across the allotment have
been light to conservative. A major increase in grazing capacity has occurred. Recent quantitative watershed health sur-
veys have rated soil stability and water quality excellent across the Montana Allotment. Qualitative surveys by
Holechek and Galt made these same observations. 

The Montana Allotment case study provides strong evidence that rapid upland and riparian health improvement can
occur under controlled grazing in the southwestern USA. The key features of the strategy on the Montana Allotment are
that upland areas are managed for conservative use and a combination of herding, salting and strategic access to water
results in uniform livestock distribution.

Alternate year summer grazing of Schumacher and Warsaw pastures, at conservative to moderate intensities, has been
highly effective in promoting cover and biomass increases of desirable grasses and shrubs. Summer grazing of the two
riparian pastures in alternate years accounts for part of the success. During the summer green grass and water are plenti-
ful in the uplands which reduces cattle preference for the riparian lowlands. Alternate year grazing of each pasture facil-
itates tree recruitment and allows those plants that are intensively grazed to fully recover. Well-distributed water in up-
land areas in conjunction with herding has also greatly facilitated range improvement.

Table 3.  Riparian health scores for 8 sites on the Montana Allotment on September 15-17, 2000.

                                                                                            Site                                                                                          
Vernon Tinaja Casa Forest California Lower Black Warsaw

Riparian Dale Piedra Service Gulch Tinaja Diamond
Characteristic Exclosure
Parameter
Riparian vegetation
structural diversity 4 4 4 4 4 4 4 4
Bank Stability 4 4 4 4 4 4 4 4 
Vegetation Cover 3 4 3 3 2 3 3 2
Buffer Width 3 4 4 4 4 4 4 4
Vegetation Diversity     4 4 4 4 4 4 4 4
Embeddedness 4 3 3 3 3 3 3 3
Canopy Shading 4 3 2 4 2 3 4 3
Width/Depth Ratio 4 3 3 2 2 3 3 3
Pool/Riffle Ratio 3 4 3 4 * * * *
Streambed Geology 4 4 4 4 4 4 4 4

Score 37 37 34 36 29 32 33 31
Score/#parameters 3.7 3.7 3.4 3.6 3.2 3.6 3.7 3.4
Rating Excellent Excellent Good Excellent Good Excellent Excellent Good

*Stream dry.
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Photo ID for page 22
Riparian habitat in excellent condition in California Gulch on

the Montana Allotment in September 2000. A combination of con -
servative utilization and rest rotation grazing has given high rate of
increase of desirable riparian grasses and woody plants.
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In response to greater awareness of
environmental legislation, statuto-
ry requirements and public land

management concerns, public and pri-
vate land managers have shown in-
creased interest in practical monitor-
ing techniques for evaluation of range-
lands. Potential economic incentives
through carbon sequestration in range-
land suggest that monitoring informa-
tion may soon have direct financial
benefit (Rosenberg et al. 1998). 

U n f o r t u n a t e l y, land managers in
both public and private sectors have
yet to agree on an effective and stan-
dard method for monitoring rangeland
resources. In 1994, the National
Research Council recommended as-
sessment of rangeland health via mul-
tiple indicators of basic ecosystem
processes. However, no monitoring
tool or methodology was suggested. 

To meet this need, rancher Charles
Orchard developed Land EKG®, a
tool to evaluate and graphically por-
tray land health information based
upon a rapid assessment of ecological
processes. The Land EKG system is
intended to satisfy the monitoring
needs of a wide range of potential
users, including ranchers, conserva-
tion groups, land management agen-
cies, and scientists. Three aspects dif-
ferentiate Land EKG from other meth-
ods: 

1) speed and efficiency; 
2) ability to interpret and “commu-

nicate” relative land health; and 
3) capacity to direct management

decisions in relation to goals targ e t e d
by the resource manager. 

In our present “Information Age”,
scant information from the land itself
is readily available to on-the-ground
managers. Management decisions are

often based upon human resource de-
mands, rather than the condition of the
resource. Further, resource assess-
ments generally involve judgments by
individuals from diverse backgrounds,
education levels and agendas (Risser
1989). Public opinion and acceptance
often seem to be factors in decision-
making. Land managers and other in-
terested parties need a common means
to evaluate rangeland health, in order
to make responsible management de-
cisions (NRC 1994).

A Brief History
For nearly a century, range profes-

sionals and scientists have been devel-
oping assessment tools to evaluate the
use and relative health of rangelands.
Range deterioration was first docu-
mented in the late 1800’s and early
1 9 0 0 ’s, about the time of establish-

ment of the national forests. These
first assessments were used to deter-
mine the suitability of western lands
for grazing (NRC 1994). Jardine and
Anderson (1919) introduced the first
comprehensive vegetative survey
method. Standing (1933) refined this
method through addition of a mea-
sured production value. Meanwhile,
Clements (1916) and Sampson (1917,
1919) proposed the theories of plant
succession and climax states and ap-
plied them to rangeland vegetative
communities. Their efforts incorporat-
ed plant community dynamics into
evaluations of rangeland health.
Dyksterhuis (1949, 1958) furthered
the concept of a climax community
through definition of a range site.
Most rangeland monitoring techniques
are based on one or more of these
models.

Management by Monitoring
Land EKG® monitoring approach helps variety of users 

assess rangeland health.

By Charles Orchard and Chris Mehus

Definitions Sidebar

Biological State The abundance, diversity, and balance of plants and animals in an
ecosystem.  

Ecological Site A land area defined by specific physical characteristics that pro-
duce a distinct plant community and amount of vegetation in re-
sponse to management.   

Ecosystem Function The combined processes of mineral and water cycling, energy
flow, which together with the biological state maintain the struc-
ture, organization, and activity of an ecosystem.  

Energy Flow The conversion of sunlight to plant and animal matter; a key eco-
logical process. 

Mineral Cycle The flow of nutrients such as nitrogen and phosphorus through the
physical and biotic components of the environment.   

Plant Community Change and development in plant communities.   
Dynamics 

Rangeland Health The degree to which the integrity of the soil, vegetation, water, and
air, as well as the ecological processes of the rangeland ecosystem,
are balanced and sustained.   

Succession The process of change and development in communities of living
organisms within an ecosystem. 

Water Cycle The capture, storage and redistribution of precipitation. 
Adapted from Interpreting Indicators of Rangeland Health, Version 3(USDI 2000).
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In recent years, interest in range
monitoring has been driven by scien-
tific curiosity, economic need, envi-
ronmental concerns and legal man-
dates (NRC 1994). Further, new ef-
forts to offset global carbon emissions
with sequestration in land are depen-
dent on monitoring data (Rosenberg et
al. 1998). The potential for monitoring
information to impact the lives of
landowners and managers is increas-
ingly apparent. 

However, even though scientists and
state and federal agencies have been
among the primary users of monitor-
ing tools, multiple and changing moni-
toring techniques, applications, and
policies have produced inconsistent
data. According to the NRC (1994):
The fact that it is impossible, with cur-
rent methods and with current data, to
determine whether federal and nonfed-
eral rangelands are improving or de-
grading is itself cause for concern.

While a small percentage of private
landowners have adopted range-moni-
toring programs, collected data are
rarely applied to management deci-
sions directly (Orchard 1996, Skovlin
2000). The challenge remains to de-
velop and adopt a scientifically-based
and practical range-monitoring tech-
nique that is widely accepted by re-
source managers and readily em-
ployed to make sound management
decisions.

In 1994, the National Academy of
Science published Rangeland Health -
New Methods to Classify, Inventory
and Monitor Rangelands (NRC 1994).
This publication contains the National
Research Council’s “Committee
Report on Rangeland Classification”,
which describes an approach for eval-
uating the ecological health of range-
land ecosystems. The Committee
identified the need for a common
means of evaluation of rangeland
health and recommended assessment
based upon multiple indicators of
basic ecosystem processes (Table 1). 

It also recommended that determina-
tion of lands as “healthy,” “at risk,” or
“unhealthy” be based on the interac-
tion of multiple factors, rather than ev-

idence from single indicators (Ta b l e
2). However, the Committee did not
present a monitoring tool or methodol-
ogy for this purpose.

How Land EKG Works
In response to the report of the

National Research Council, fourth
generation rancher and Montana-
based range consultant Charles
Orchard developed a tool to evaluate
and portray information on rangeland
health based on a rapid ecological as-
sessment protocol. This tool is called
Land EKG and was first developed in
1994. After testing and revision by
university scientists, agency (BLM,
USFS, NRCS) field staff and ranchers
in nine western states, the midwest
and Canada, Land EKG has become a
sophisticated and efficient diagnostic
tool for responsible land management. 

Monitoring several fundamental
ecosystem processes appears to be the
most suitable and appropriate means
to determine the effects of land man-
agement practices (SRM 1991, NRC
1994). Multiple indicators, consistent
criteria and consistent methods of data
interpretation have been identified as
requirements for an effective and
broadly applicable monitoring system

(NRC 1994, Breckenridge et al. 1995,
Smith et al. 1995). 

Four basic ecosystem processes are
of concern in assessing the condition
of natural landscapes: mineral cycle,
water cycle, plant community function
(succession), and energy flow. How
well these processes are functioning
determines in large measure: 1) the
amount and availability of nutrients
that cycle through living users of the
landscape; 2) the ability of the soil to
capture, store and supply water to
plants and aquifers; and 3) the ability
of the landscape to capture solar ener-
gy and convert it into food substrates
for other organisms. 

For a monitoring system to be
broadly applied and accepted, it must
provide meaningful data, and also be
relatively fast, ecologically valid, and
easy to learn and use. Practicality and
function have driven the development
of the Land EKG system. Land EKG
considers 22 associated indicators of
ecological processes (Figure 1). These
indicators construct a sequence of evi-
dence for evaluation of land health in
a manner meaningful to hands-on land
managers. 

Although monitoring sites may be
selected at random, the authors en-

Table 1. Ecological processes and indicators to use for range health assessment (NRC 1994).

SOIL DISTRIBUTION OF NUTRIENT RECOVERY MECHANISMS
STABILITY/WATERSHED  C Y CLING AND ENERGY FLOW     

1. A horizon 1. Distibution of plants 1. Age class distribution
2. Pedestaling 2. Litter distribution/incorporation 2. Plant vigor
3. Rills and gullies 3. Root distribution 3. Germination mico-site
4. Scouring/sheet erosion 4. Distribution of photosynthesis
5. Sedimentation/dunes

Table 2. Excerpt of Rangeland Health Evaluation Matrix (NRC 1994).

INDICATOR HEALTHY AT RISK UNHEALTHY  

For ecological process of water cycling 
A Horizon Present and distribution Present but fragmented Absent, or present

unfragmented distribution developing only in association with
prominent plants

Pedestaling No pedestaling of plants or Pedestals present, but on Most plants and rocks
rocks mature plants only pedestal

Rills and Absent, or with blunted Evidence of small Well defined, actively
gullies and muted features erosional patterns expanding erosional

features
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Editor’s Note: The International Affairs
Committee sponsored a symposium entitled
“Rangeland Professionals and Society:
Future Directions” at the 2001 annual
SRM meeting in Kona, Hawaii. From those
presentations, a series of articles is being
published in Rangelands highlighting per -
spectives on rangelands from around the
world. The editors and authors wish to
thank Dow AgroSciences of Indianapolis,
Indiana, for a grant made in support of the
s y m p o s i u m .

Current and future social changes
will profoundly affect the uses of
rangelands in the western United
States and the role of the rangeland
management profession in supplying
the knowledge and skills to serve
those uses. The profession is being
challenged to help society meet these
new demands without foreclosing on
traditional demands. 

The value of public and private
rangelands in the western United
States is greater now than ever before.
We expect that value to increase be-
cause of three factors: 

1) The supply is finite and is being
diminished by conversion to built en-
vironments. A sage person said, “they
ain’t makin’ any more rangeland,” and
as more of it is converted to residen-
tial, commercial or industrial land, the
supply is decreasing; 

2) The demand is increasing because
of an increasing population with
growing disposable income and be-
cause of the shrinking reliance on the

food and fiber produced on western
rangelands; and 

3) The breadth of goods and services
are expanding; and these goods and
services cannot be obtained from other
landscapes. More people want open
space, clean water, wildlife and endan-
gered species habitat, rural lifestyle,
and livestock-free goods and services
found only on rangelands. 

The rising value of these goods and
services can also be attributed to their
lack of substitutes from other lands:
they are unique to rangelands. The at-
traction of sweeping vistas uninter-
rupted by forest, cropland, and cities is
obvious in the strong public support
for national park and monument des-
ignations on rangelands. Steeply rising
land prices and the galloping coloniza-
tion of rangelands with 40-acre
ranchettes illustrates that for many
with sufficient means, there is no sub-
stitute for living on western range-
lands. 

There is growing demand for hunt-
ing and particularly viewing opportu-
nities of wildlife unique to rangelands
such as antelope, elk and many bird
species. By definition, habitat for en-
dangered species such as black-footed
ferrets and prairie fringed orchids can
be found nowhere else but on range-
lands. 

There is also a growing segment of
the population, who want more oppor-
tunities to live near and visit livestock-
free rangelands for the purity of a

“pristine” experience and reduced
conflicts with other uses. Evidence
that these values exist beyond the radi-
cal calls of “Livestock Free By 93”,
are seen in continuing attempts to ob-
tain state and federal grazing leases
for the purpose of removing livestock.

Meanwhile, the value of livestock
products from rangelands has stagnat-
ed, or at least has not risen as quickly
as the others, especially in relation to
the costs of land and production. 

Livestock produced on rangelands
are not widely perceived as being
unique as are other goods and ser-
vices. The unique qualities of live-
stock raised on rangelands versus tra-
ditional feedlot processes include
greater energy efficiency and lower
health risks. However, these qualities
are not obvious to the consumer be-
cause neither the hamburger in the su-
permarket nor the leather jacket in the
department store carries a label identi-
fying those unique contributions from
rangeland.

Serving Diversified Uses and
Clients

These should be “boom” times for
the profession because the potential
client base is expanding. The profes-
sion can meet these emerging opportu-
nities by enlarging its toolkit and re-
directing existing tools. History shows
that the profession changed in re-
sponse to changing societal demands

Fourth In A Series

Future Social Changes and the Rangeland Manager

Professionals must be prepared to provide expertise for managing
livestock-free rangelands and non-traditional livestock uses 

of rangelands.

By Mitchel P. McClaran, Mark W. Brunson, and Lynn Huntsinger
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without abandoning existing skills or
clients. This needs to continue. 

The profession emerged over 100
years ago to support sustainable live-
stock production in an era when open
access to rangelands was being re-
placed with controlled access through
federal edict and privatization. Clients
were ranchers and land management
agencies. The skills and knowledge in-
cluded grazing science and manage-
ment that identified principles of prop-
er intensity, season, and kind of ani-
mal. Principles of vegetation science
and management identified the rela-
tionships between vegetation change
and grazing management and the tech-
niques for establishing preferred plant
species or controlling undesirable
ones. Methods of monitoring and as-
sessing vegetation and soil provided
the means for measuring their re-
sponse to management. 

About 50 years ago, demands
e m e rged for the coordination of live-
stock production with other uses, par-
ticularly on public rangelands. The
profession expanded to meet these
new demands without abandoning
those situations and clients where live-
stock production was the primary
goal. Previously developed skills in
grazing science and management, veg-
etation science and management, and
monitoring were expanded to coordi-
nate the demands for mixed-goods
production, and new clients were
added who demanded coordination of
rangeland uses. Leadership in the de-
velopment of the Coordinated
Resource Management process illus-
trates the profession’s efforts to meet
this expansion of demands. 

Today and in the future, the most
dramatic change in societal demands
is the call for some livestock-free
rangelands. Again, this is a new de-
mand that can be added to the estab-
lished demands for sustainable live-
stock production as the dominant use
and as one of many multiple uses. The
unifying theme or common denomina-
tor for the profession will be the deliv-
ery of expertise about the unique
physical, biological and sociological
traits of rangelands. 

The skills and knowledge previously
developed can be applicable to live-
stock-free situations. For example, ex-
pertise in grazing science and manage-
ment can be applied to wild, endan-
gered and recreational herbivores
(horses, mules, llamas, and goats).
Expertise in vegetation science and
management can be applied to con-
trolling noxious plants, and providing
medicinal plants, clean surface water,
carbon-sinks to mitigate greenhouse-
gas emissions, and habitat for wildlife
and endangered species. Expertise in
vegetation and soil monitoring can be
applied to evaluate recreation impacts,
endangered species recovery, and
other activities. Skills and knowledge
in collaboration can be applied to
planning the design of ranchette con-
struction that minimizes rangeland
fragmentation, endangered species
habitat designation, and rangeland
tourism that enriches local economies.

In addition to broadening attention
to livestock-free situations, the profes-
sion can expand the skills and knowl-
edge provided to livestock production.
This expansion should be grounded in
the production of goods and services
that have no substitute, and are there-
fore unique and attractive to the mod-
ern society. 

One such product is “natural” or
“grass-fed” meat produced solely on
western rangelands, with no substitute
available from the more common
feedlot process. These products have
the virtues of high energy eff i c i e n c y
and lower health risks (i.e. mad cow
disease). Clever entrepreneurs have
succeeded at this venture, and they re-
port a demand that far exceeds the
supply, and consequently much higher
prices than traditionally produced
meat. Previously developed skills in
grazing science and management can
contribute to these new situations. 

Expanding demands for using live-
stock as a vegetation management tool
to control noxious plants and wildfire
fuel levels are other situations that are
socially acceptable, especially where
herbicides are not an option.
Collaboration skills and knowledge

can be applied to new situations where
livestock producers are entering into
conservation easement agreements
with parties interested in other values
such as open space and wildlife habi-
tat. The infusion of capital from these
agreements can finance the re-tooling
of the operation to meet the demands
for new livestock products and other
uses.

A c c o r d i n g l y, potential clients will
expand beyond the long-standing
ranchers and land management agen-
cies. These new clients might include
small tract or ranchette owners, land
trusts and conservancies (i.e. The
Nature Conservancy), home owners
associations, resource management
agencies such as the National Park
Service, Environmental Protection
A g e n c y, and the Fish and Wi l d l i f e
Service, and local governments such
as county planning departments, weed
abatement and water districts, and
highway departments.

Facilitating Change In The
Profession

We can imagine a future where the
glue that binds the profession is a
breadth of skills and knowledge about
rangelands that are as varied as the
many demands for goods and services
from rangelands. If the profession
moves in that direction, it is most im-
portant that this change be an expan-
sion – and not an abandonment – of ex-
isting skills, knowledge, and clients.
Abandoning the accomplishments
made so far would require a "re-inven-
tion of the wheel" when they are next
needed, thus losing all the progress
made in the last 100 years.

This transition will require leadership
in establishing the norms for training
and performance, and the cultivation of
new clients. That leadership will be
challenged by the difficulties of serving
a diversity of clients with conflicting
values and demands. Successful leader-
ship will need to stress that profession-
als are united in their shared mastery of
skills and knowledge unique to range-
lands, and all can prosper from the



knowledge developed in service to a
diversity of clients.

The Society for Range Management
served this role for over 50 years. It is
the leading professional organization in
the development of training and perfor-
mance standards, and for the communi-
cation of new skills and knowledge.
Can it lead the profession through a
transition that includes an expansion to
livestock-free situations and non-tradi-
tional livestock production with the
same success as it did through the tran-
sition to managing livestock within a
mix of multiple uses?

The Society has the infrastructure to
make this transition. There are accred-
itation standards for university curric-
ula developed over the past 50 years,
and professional certification over the
last 15 years. Communication of skills
and knowledge is available in techni-
cal and semi-technical journals, books,
videos, and annual membership meet-
ings. With certification, there is a de-
veloping structure of continuing edu-
cation services. 

H o w e v e r, this transition cannot be
supported by a shrinking membership.
Ironically, while there has been an in-
creasing breadth of skills and knowl-
edge developed and discussed in the
S o c i e t y ’s publications and annual
meetings over the past 10 years, there
has also been a serious drop in mem-
bership. More members, with varied
academic and work experiences will
be needed to develop and share the
skills and knowledge that are demand-
ed by these societal changes. This will
only happen if there is a concerted ef-
fort by the Society to attract these new
members and to legitimize their con-
tributions. 

S i m i l a r l y, the Society must aggres-
sively cultivate these new clients and
maintain existing clients by selling the
virtues of the breadth of skills and
knowledge available in the profession.
It needs to become common knowl-
edge that the profession can offer much
more than grazing allotment manage-
ment plans for federal agencies. To en-

sure the delivery on these promises,
curricula must be modified by adding
new topics and giving examples of how
existing knowledge can be applied in
new situations. Certification must ad-
just in kind, whether by expanding
standards of training and performance
or by creating areas of specialization
beyond the journeymen level. 

These future and current social
changes will lead to changes in de-
mands for goods and services from
rangelands. The profession can contin-
ue its evolution of changing to meet
new societal demands only if it be-
comes the creator and purveyor of all
skills and knowledge about rangelands
and their many uses.

Respectively, authors are from School of
Renewable Natural Resources, 325
Biological Sciences East, University of
Arizona, Tucson, AZ 85721; Department of
Forest Resources, Utah State University,
Logan, UT 84322; and Department of
Environmental Science, Policy and
Management, 145 Mulford Hall, University
of California, Berkeley, CA 94720.
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Editor’s Note: From the symposium en -
titled “Rangeland Professionals and
Society: Future Directions” at the 2001
annual SRM meeting in Kona, Hawaii.

Throughout history, water has
played an important role in the devel-
opment—and demise—of civiliza-
tions. Many make the link between the
destabilization of ancient civilizations
in Middle East, China, and the
Americas, and three factors related to
water management: 1) failure of water
supply due to depletion of groundwa-
ter or a climatic shift resulting in
warmer and/or drier conditions; 2)
gradual degradation of soil and water
quality associated with chemical-cont-
amination, particularly salt accumula-
tion, or erosion; and/or 3) the inability
of the water-allocation system to ad-
just to social or economic changes. 

Today, these themes are pervasive in
contemporary news headlines, espe-
cially global warming, drought,
aquifer depletion, water quality, and
ongoing conflicts associated with par-
titioning water supply. As human pop-
ulation continues to rise, we will hear
more about water management, and
the frequency and severity of conflicts
will increase. 

Evolution of Natural Resource
Management

An important impetus of early wild-
land management legislation in the
U.S., as elsewhere, was to prevent land

uses resulting in degradation of plant
communities that, in turn, often led to
accelerated erosion and flooding.

For instance, a primary goal of the
initial forest management legislation
introduced to the U.S. Congress in
1876 was to protect watersheds. A pri-
mary goal in forming the Soil Erosion
Service (now the Natural Resources
Conservation Service) and the Bureau
of Land Management was to control
accelerated erosion and runoff from
agricultural land and rangeland.
Furthermore, “the crown jewel of sci-
entific achievement by the first gener-
ation of range scientists was the inno-
vative concept that changes in the
species composition of plant assem-
blages provided the most biologically
sensitive index of range condition”
( Young 2000). Consequently, it is no
accident that when the Society for
Range Management and Society for
American Foresters were formed they
were known as ecology-based organi-
zations, which focused on resource as-
sessment and restoration issues. 

As progress was made in halting and
reversing resource degradation, land
management agencies and the associ-
ated professional societies shifted to-
ward an emphasis on sustainable uti-
lization techniques for cash-generating
commodities such as livestock or tim-
b e r. In the minds of many – whether
justified or not – this shift of discipli-
nary emphasis made range manage-

ment synonymous with livestock pro-
duction management, and forest man-
agement synonymous with timber pro-
duction management. 

To d a y, urban interests in water and
recreation are creating a political and
economic environment in which live-
stock and timber production are rele-
gated to a lower priority. Indeed, large
areas of the U.S. national forests are
no longer open for timber sales, and
there is an increasing pressure to re-
move livestock from public land based
primarily on aesthetic, water quality
and biodiversity considerations
(Donahue 1999). 

Wildland management will focus,
i n c r e a s i n g l y, on water quality and
quantity management. This is because
water supply is, at best, stable but is
declining in many places, and de-
mands from human populations are
both growing and shifting. 

During the 20 t h century there was
significant depletion of aquifers and
streams in many semi-arid and arid re-
gions of the world. For example, con-
sumptive water use in the western
U.S. exceeds recharge by an estimated
2.7 x 101 3 liters per year (22 million
acre-feet per year). In the southwest-
ern U.S. streamflow is more than 70%
depleted in an average year (van der
Leeden et al. 1990). 

Similar or worse water supply and
demand imbalances exist for most arid
and semi-arid rangelands throughout

Fifth In A Series

Water’s Role

Water management will be the range profession’s most compelling

challenge for the 21st century.

By Thomas L. Thurow
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the world. Such persistent water im-
balances have numerous ramifications
for the range management profession.

Water Increasingly Being
Controlled By Urban Areas

To date, urban growth in the western
U.S. has been enabled by a series of
dam and water diversion projects on
the major drainages, most of which
were built during the period 1930-
1980. For example, the Colorado River
flows through seven states and Mexico,
but most of the beneficiaries of
Colorado River water reside outside the
basin as a result of federally subsidized
trans-basin water diversion projects. 

C o n s e q u e n t l y, the citizens who re-
side within the Colorado River Basin
may derive very little benefit from
land management policies intended to
improve water quality and quantity for
the benefit of distant urban areas out-
side the watershed. These circum-
stances have the potential to create
conflict because the citizens required
to make changes to their production
practices (such as changing land man-
agement to conform with Total Daily
Maximum Load regulations) do not
see substantive benefits returned with-
in their region. 

The era of dam and trans-basin diver-
sion projects basically ended when a
suite of environmental legislation was
passed in the late 1960s and early
1970s, including the National
Environmental Policy Act, the Clean
Water Act, and the Endangered Species
Act. This environmental legislation has
led to a significant investment in re-
claiming aquatic ecosystems and ripari-
an habitat (often this environmental
legislation is implemented and moni-
tored by range management profession-
als trained in rangeland hydrology). 

Rather than accessing new sources
of water using engineering solutions,
urban areas in the western U.S. are in-
creasingly focused on procuring water
rights from farmers and ranchers.
Agricultural industries currently con-
sume about 87% of western U.S.
w a t e r. Why do ranchers and farmers
use so much water?  Water is still rela-
tively cheap and is applied to fields
using inefficient techniques like flood
irrigation.(Alfalfa production is one of
the most water-consuming crops in the
West.)

Ultimately water flows to money.
Urban areas are willing and able to
pay for developed water currently
being consumed by agriculture. To
shift from one use to another, a host of

complex legal reforms must take place
within each state. Many western states
are in the process of easing restrictions
on water use transfer to accommodate
one of the fastest growing populations
in the U.S. 

For example, if half of the agricul-
tural water in the western U.S. were
shifted to municipal consumption at
current urban use rates, the eleven
western states – whose current popula-
tion is approximately 55 million –
could provide enough water for 200
million more residents (Riebsame
1997). This population increase could
be accommodated without significant
new water development. These statis-
tics counter those who hope that the
character of the current western U.S.
would be preserved because aridity
would limit population growth and de-
velopment in the region. 

Instead, the western U.S. is on a tra-
jectory of becoming much more ur-
banized. One of the reasons people are
drawn to the West is for the recre-
ational and aesthetic benefits of open
rangelands. Management of these
lands will, therefore, become increas-
ingly dominated by recreation, aes-
thetic, and water concerns.

Photo by
Betty Kolb



RANGELANDS 23(6)38

What Are The Implications For
Rangeland Managers?

1 ) Much of the jargon used by range
managers is confusing to the general
public. For example, water quality is
an important focus of land manage-
ment agencies, and its importance will
undoubtedly increase as a pivotal crite-
rion in the regulation of rangeland use.
C o n s e q u e n t l y, rather than being ex-
pressed in terms of complex species
composition criteria, measures of con-
dition and trend analysis will likely
have to address non-specialists ques-
tions, such as: “Is the quality of the
water coming off this land excellent or
not?”  

The management implication of this
criterion is straightforward:  if the
water quality is not judged to be ex-
cellent, then the land use should be
changed so that it is excellent. 

2 ) One ramification of water use
transfer is evident in the increasing
volatility of hay futures prices in the
commodity markets. Municipalities
are risk adverse, and, consequently,
they procure significantly more water
rights than they normally need. The
municipalities lease back the water to
farmers and ranchers in good rainfall
years but exercise their options to use
the water during drought. 

This exacerbates the sensitivity of
hay prices to drought. This increase in
feed prices during times of stress in-
creases pressure on livestock owners to
proactively manage drought risk, an
area of range and ranch management
that is poorly developed (Thurow and
Taylor 1999).

3 ) Another implication of the in-
creased value of water and the gradual
easing of use transfer barriers will be
pressure for traditional ranching oper-
ations to sell to non-ranchers. If sold
to a developer, land may be subdivid-
ed, imposing great changes to the aes-
thetics of open space; to wildlife that
could coexist with the livestock enter-
prise but not with a subdivision; and
to voting patterns in communities (as
county commissioners change, so do
local land use laws). If rangeland is
sold to a rich person and developed as

a retreat, the emphasis on livestock
production is usually either dimin-
ished or eliminated.

4 ) The debate regarding tradeoff s
between vegetation management and
water quantity is likely to intensify.
For example, areas dominated by trees
or shrubs tend to be preferred recre-
ation sites. However, because trees
tend to consume more water than
grass, many areas that have experi-
enced significant increases in tree or
shrub cover over time show a corre-
sponding decrease in water yield.
Consider that water districts on the
west slope of the Colorado Rockies
document long-term decreases in
water yield attributed to fire suppres-
sion policies and reduced timber har-
vests. Likewise, water yield has
dropped on some rangelands in Utah
and Texas where shrubs such as ju-
niper have increased.

Communication Important
Understanding the realities of the

changing demographics of the western
U.S. and other rangelands of the world
is essential for range professionals
who have a tremendous role to play in
these dynamic management situations.
Many urban dwellers and their politi-
cal representatives will continue to ad-
vocate a back-to-nature, minimal man-
agement policy for public rangelands
and forests. 

H o w e v e r, much of the public does not
understand that a passive management
policy will not achieve their desired re-
sults, but will rather produce unintend-
ed negative outcomes (e.g. resistance to
prescribed burning often creates a vul-
nerability to catastrophic wildfire).

In the face of these trends, perhaps
the most compelling challenge and op-
portunity for range professionals is en-
gagement in dialogue to promote ap-
propriate and proactive management
consistent with the changing objec-
tives of the population that resides on
urban or suburban rangelands.

Author is with the Renewable Resources
Department, University of Wyoming, Laramie,
WY 82071-3354.
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human population will be between 10
and 12 billion by 2100. This will lead
to unprecedented demands on the
earth’s natural resources.

A Doomsday & Cornucopia
View

During my career in natural resource
management, I have been influenced
on human population issues primarily
by two learned scholars who might be
referred to as Dr. Doomsday (Paul
Erlich) and Dr. Cornucopia (Julian
Simon). 

In the late 1960’s when I attended
college, Dr. Erlich had recently com-
pleted his book titled “The Population
Bomb.” This book made a convincing
doomsday case that human population
growth would overwhelm food pro-
duction capability and cause severe
pollution in the last 30 years (1970-
2000) of the twentieth century. This
supposedly would cause widespread
human misery from famine, disease,
and war leading ultimately to a major
reduction in both human population
and quality of environmental support
systems (land, air, water, energ y, ge-
netic material). 

A contrasting cornucopian view es-
poused by Dr. Simon in his 1981 book
“The Ultimate Resource” became pop-
ular under the Reagan administration.
The essence of this view was that en-
vironmental problems were greatly ex-
aggerated and people (brainpower) are
the most vital resource in solving the
world’s problems. In order to unleash
this brainpower, democratic, market
oriented social political systems are
required. Basically the idea here is
that technology involving substitution,
miniaturization, recycling, molecular
engineering, and other innovations can
overcome any kind of scarcity or envi-
ronmental problem brought about by
more people. 

Generally the doomdayers have had
their training in biological or ecologi-
cal sciences while the cornucopians
have an economic or financial back-
ground. The 1970’s gave credibility to
the doomsdayers as food and energ y

prices rose sharply, famines occurred
in China and India, and the United
States experienced both economic
stagnation and high inflation.
H o w e v e r, President Ronald Reagan
implemented a set of supply side eco-
nomic policies in the 1980’s that
helped revive economic growth and
stabilized food and energy prices. The
fall of Communism in the Soviet
Union in 1990 further reinforced the
cornucopian view that human hardship
was primarily a function of unsound
social/political policies. 

It is generally accepted by ecolo-
gists and biologists that at some point
physical resources will determine the
limit of human population growth.
Estimates of world human carrying
capacity fall between 4 to 16 billion
people. These estimates do not take
into account quality of life, and they
assume equity in distribution of re-
sources. 

Presently 18% of the world’s popu-
lation (1.1 billion people) live in se-
vere poverty and life is hardly com-
fortable. The richest seven nations
(USA, Canada, Great Britain, France,
Germany, Japan, Italy) have only 10%
of the world’s population but annually
account for 40% of the consumption
of fossil fuels, forest products, and a
variety of other commodities. The
w o r l d ’s consumption rate of natural
resources has grown even faster than
the human population since 1950.
H o w e v e r, climatic change and cre-
ation of pollution in excess of the
w o r l d ’s detoxification capabilities are
of more immediate concern than re-
source exhaustion. 

The major constraints that confront
mankind worldwide over the next 50
years include food scarcity, water
scarcity, water contamination, climatic
change, air contamination, energ y
s c a r c i t y, farmland depletion and loss
of bio-diversity. 

Destruction of rain forest is a partic-
ular concern because of the critical
value of these areas in preventing cli-
matic change and extinction of plant
and animal species. About 35% of the
w o r l d ’s forests have been removed

since 1900. Extinctions of plant and
animal species are now occurring at
50 to 100 times faster than their natur-
al rate. Unsound farming practices and
overgrazing have degraded 16% of the
world’s land area. World fisheries are
a particular problem with 25% now
depleted and another 44% being over
harvested. 

The primary fear of the doomsday-
ers is that all these problems will con-
v e rge at once causing devastation of
the planet and elimination of 75% or
more of the human population. Let’s
examine the primary components of
this issue:

Water
Water will likely be the biggest con-

straint on world population growth in
the near term. It is already a major
problem in the western United States.
Water problems include depletion of
u n d e rground aquifers, contamination
of ground water, siltation of dams,
salinization of irrigation water, pro-
longed drought, and flooding. By
2025 40% of the world’s population
will likely experience water shortages
(United Nations Development
Programme 2000). Global availability
of water has dropped from 4.5 million
gallons per person in 1950 to 1.8 mil-
lion gallons in 1998. Currently 20
countries are experiencing water stress
(less than 264,200 gallons per person).

Irrigation has contributed greatly to
increases in world food production
since 1950. The amount of irrigated
land in the world nearly tripled be-
tween 1950 and 2000. However, fu-
ture increases from irrigation will be
much more limited. Various reports
show the world’s ground water is
being rapidly depleted. In the United
States, this problem is most severe in
the states of Texas, New Mexico,
Arizona, and California. However this
problem to some extent can be over-
come by appropriating water from
agriculture. That’s exactly what the
City of El Paso has done. They have
purchased ranches with underg r o u n d
aquifers near Van Horn, Dell City and
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other locations. Farmers and ranchers
in these areas are rightfully worried
that El Paso will suck their lands dry,
effectively ending agriculture.

Energy 
Proven world reserves of oil, gas,

and coal are officially estimated to be
43, 61, and 228 years respectively at
current consumption rates based on a
recent Cato Institute study. Probable
reserves (includes those undiscovered)
of oil, gas, and coal are officially fore-
cast to be 114, 200, and 1,884 years of
present usage. 

Unconventional fossil fuel sources
such as oil tars and shale oil might ex-
tend the day of reckoning decades or
centuries into the future if new extrac-
tion and refinement technologies can
be developed. On the negative side,
extraction is becoming a bigger prob-
lem with proven oil reserves. Between
1987 and 1999 total world energy use
increased 17%. Some experts believe
that rising world demand coupled with
depletion of readily extractable oil re-
serves will cause world scarcity by
2018. Keep in mind the proven oil re-
serves are expected to last 43 years at
current consumption rates, but world
oil demand is rapidly rising due to
global economic expansion. 

The USA now imports about 55%
of its oil due to diminishing reserves.
More fuel-efficient cars and alterna-
tive power for cars (fuel cell, electric
power) might reduce per capita fossil
fuel consumption by 25% to 50%
within 25 years. On the other hand
there could be 25% more people in the
USA, and 50% more in the world.
There is concern greater use of energy
per capita could occur particularly in
developed countries where new elec-
tronic technologies regarding the
Internet and household appliances are
being rapidly applied. Gasoline eff i-
ciency by automobiles in the USA has
actually decreased from 26 to 24 miles
per gallon in the last 5 years due to in-
creased use of sport utility vehicles.

Food
Improvements in agriculture have

increased world per capita food pro-
duction by roughly 25% since the mid
1970’s. Real food prices in most coun-
tries have fallen 10-30% over the past
20 years. This contradicts 1970
doomsday projections that food prices
would rise 100% by year 2000.
Unfortunately modern agriculture in
developed countries depends on using
increasing amounts of fossil fuels for
cultivation, harvesting, fertilizer pro-
duction, irrigation, processing and dis-
tribution. 

World grain yield increases are now
slowing down. The average annual in-
crease in world grain yield per acre
was 2.1% for the 1950 to 1990 period
compared to 1.2% for the 1990 to
2000 period. 

Another major food production con-
cern is the trend towards globalization,
specialization, and urbanization. This
is reducing food self sufficiency in
both developed and developing coun-
tries. Often the most pro d u c t i v e
farmlands are urbanized in devel-
oped countries. This not only shrinks
the agricultural land base but necessi-
tates massive food transportation and
delivery systems to keep the expand-
ing urban center supplied. If water,
farmland, and energy resources shrink
and the large urban centers continue to
expand there is concern that the USA
will lose its capability to be a larg e
grain exporter. Presently the USA
plays a key role in providing develop-
ing countries with grain and prevent-
ing worldwide scarcity when climatic
conditions are unfavorable.

Currently about 17% of the world’s
human population suffers from some
degree of undernourishment. Most of
these people are in Africa and Asia
where human population growth is
greatest. Shrinkage in water, land and
energy supplies per individual is rais-
ing deep concerns about the capability
of subsistence agriculture to meet food
needs in these regions. The problem
with conversion to industrialized agri-
culture is that it causes massive dislo-
cation of rural populations to urban

areas and is fossil fuel dependent. 
Governments in developing coun-

tries do not have the financial means
to purchase and distribute larg e
amounts of imported foods. Most of
these underdeveloped countries cur-
rently have high debt levels. It is ques-
tionable that food-exporting countries
like the USA over the next 15 years
will have the physical and financial
capability to provide free food to de-
veloping countries on a massive scale.
Future unrest over food in Asia and
Africa has the potential for serious in-
ternal political turmoil and world war
as more countries obtain nuclear and
biological weapons. 

In the USA five factors that under-
mine food security are loss of farm-
land to urbanization, depletion of
aquifers, loss of irrigation water to
u r banization, heavy reliance on fossil
fuels, and soil erosion. According to the
USDA-Natural Resources Conservation
Service, there are 382 million acres of
farmland in the USA. Since 1980 the
USA has been losing a half million
acres a year to urbanization.
Appropriation of irrigation water for
urban uses and aquifer depletion could
shrink the farmland base by 10 to 15
million acres within 20 years. The
Oglalla aquifer in the southern Great
Plains is the region where most of this
loss will occur.

Perhaps a bigger problem is incapa-
bility of USA farmland soils to pro-
duce bumper crops without massive
inputs of fertilizer, herbicides, and
pesticides. Some experts believe a
forced return to low input (reduced
use of fossil fuels) farming techniques
would reduce yields by as much as
50%. A major concern is that soil ero-
sion and continuous use of the same
crops year after year have severely de-
pleted soil nutrient and water holding
capabilities. Increasingly higher inputs
of fertilizer, irrigation, herbicides, and
pesticides are required to obtain
equivalent yields.

Climatic Change
Carbon dioxide is an unavoidable

product of burning fossil fuels. It ab-
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sorbs heat radiated from the earth’s
surface in a process known as the
greenhouse effect. Various govern-
ment reports now show that human ac-
tivities involving release of carbon
dioxide cause global warming. 

Some of the evidence of global
warming is that 14 of the hottest years
on record have occurred since 1980,
the retreat of glaciers, rising sea lev-
els, and increasing intensity of thun-
derstorms and hurricanes. Expected
changes from global warming include
rising oceans that will inundate coastal
cities displacing large human popula-
tions, a shifting of the rich farmlands
of the central USA northward to
Canada, massive mortality of forests
that lack time to adapt and accentua-
tion of hydrologic cycles causing great
seasonal extremes of temperature and
water runoff. This last impact is the
one of most immediate concern. 

Some climatologists believe that in-
creasingly sharp climatic fluctuations
caused by global warming will make
crop production much more risky and
d i fficult. This would greatly elevate
energy costs needed for home heating
and cooling. Intense droughts fol-
lowed by intense flooding may in-
creasingly occur. By 2025 some cli-
matologists predict the world’s climate
could be so erratic that world food
production could be reduced by one
half or more.

Endangered Species
World endangered species problems

can only increase in the 21s t c e n t u r y
as land use intensifies and habitats be-
come more fragmented. It will be par-
ticularly difficult to maintain many of
the large African herbivores and
predators. In the USA the Endangered
Species Act of 1973 will likely collide
with pressures for economic develop-
ment. Rising land, water, food, wood,
and energy prices in the USA could
force changes in approaches to endan-
gered species classification and pro-
tection. Hopefully these changes will
reward landowners for protection of
endangered species habitat and be ra-
tional in endangered species classifi-
cation and recovery prescriptions.

How Will Rangelands Be
Affected?

Rangeland involves about 70% of
the world’s land area and 50% of the
U S A’s land area. They play a critical
role in providing humankind with var-
ious goods and services needed for
survival (Table 2). Unfortunately
many of these services are taken for
granted by the public. Tax systems in
the USA and worldwide are actually
s o m e w h a t punitive in regard to ser-
vices provided on privately owned
rangelands. 

To adequately accommodate future
population growth and avoid environ-
mental catastrophe in the USA, the
USA will probably have to make
major changes in how it deals with
this issue. Over the next 100 years as
much as 40% of the USA’s rangeland
could be lost to other uses (Table 3).
Private rangelands are valued primari-
ly for their income from livestock and
in some cases wildlife. In New
Mexico this equates to $30 to $60 per
acre for grazing but $300 to $2000 per
acre in many areas if subdivided for
ranchettes, housing, or other uses.
Most small and medium sized ranches
in New Mexico have been losing
money since 1994. In Utah a recent
survey showed one third of the ranch-
ers on private land eventually plan to

subdivide (Peterson and Coppock 2001).
The small family ranch in Central
Oregon shown in Figure 1 is an example
of the dilemma. 

In order to save these types of oper-
ations, changes in government policies
will be needed that create greater in-
centives for conservation easements,
lower property tax rates and provide
payments to ranchers for provision of
ecosystem services. Already this ap-
proach is being applied to farmlands
through the USDA-Conservation
Reserve Program and associated pro-
grams that pay farmers to provide
buffer strips around fields and riparian
areas, to preserve wetlands, and to es-
tablish trees for windbreaks. 

On rangelands a similar approach
has been proposed by Ward (1999).
Under this approach, ranchers would
receive government payments for ap-
plication of light stocking rates that
maintain high levels of ground cover,
upgrading of riparian zones with trees
and shrubs, development of ponds that
enhance wildlife habitat, and
brush/weed control practices that in-
crease ecosystem services as well as
livestock forage. Financial incentives for
maintaining high levels of residual veg-
etation would help the Environmental
Protection Agency with its goal of re-
ducing carbon dioxide levels in the at-

Table 2. Examples of rangeland ecosystem services and goods.

Services
Maintenance of Atmospheric Quality
Control and Amelioration of Climate
Regulation of Freshwater Supplies
Origin and Maintenance of Soils (and their buffering capacity)
Detoxification and Degradation of Wastes (Pollution dilution)
Natural Control of Pathogenic and Parasitic Organisms (Pest control)
Pollination of Cultivated and Wild Plants
Purification of Air and Water
Renewal of Soil and Water Fertility
Retention and Delivery of Nutrients to Plants by Soils and Water
Genetic Resources (Improve existing and developing new domestic plants and animals)
Aesthetic, Cultural, Spiritual Renewal
Recreational Services

Goods
Foods (mammals, birds, fish, shellfish and other invertebrates, plants, fruits, nuts, spices)
Fibers (cotton, flax, hemp, wool, leather, cashmere, silk)
Fuels (botanochemicals)
Pharmaceuticals and Medicines (psychoactive drugs, codeine, diuretics, pain killers, antibiotics)
Building Materials (lumber and other woody materials, resins, glues, shellac)
Industrial Products (waxes, rubber, dyes, vegetable fats and oils)
Cooking Oils (plant and animal fats and oils)

Sources: Daily (1997) and West (1995).



December 2001
43

mosphere. Improving carbon sequestra-
tion capabilities of degraded lands de-
pends on increasing both living and non-
living vegetation (i.e. above and below
ground biomass).

Re-Thinking Consumer Uses
Federal, state, and local govern-

ments may have to re-think several
macro-economic policies that aff e c t
land use, water consumption, and en-
e rgy consumption. Changing the tax
system so greater emphasis is placed
on resource consumption and less on
income generation has been advocated
by many natural resource economists. 

Under this approach taxes on gaso-
line, second homes, second cars, ex-
cessive water use, and other luxuries
would be greatly increased while there
would be little or no income tax.
People that live close to their work
and used mass transportation systems
would receive tax breaks over those
commuting long distances in privately
owned vehicles. Heavy taxes would be
levied on fuel inefficient vehicles

(sport utility vehicles). Property taxes
would be more in accordance with in-
frastructure requirements for non-
farm/ranch dwellings outside of incor-
porated towns and cities. 

Although draconian, these changes
will likely be needed if projected in-
creases in human population occur
and no major breakthroughs occur that
rapidly solve impending energy, water,
food, wood, and pollution problems. 

The USA has just been through a 20
year era of relatively cheap land,
water, food, wood, and energy that has
lead to life style extravagances that
will probably be moderated . Wi t h i n
the last two years energ y, water, and
land costs have started to increase in
the USA. Food costs are likely to fol-
l o w. Fertilizer costs alone have dou-
bled in 2001 compared to 1999. This
trend will undoubtedly affect how
people use natural resources, and their
choices on human population issues.

Stabilization of human population
growth and conserving natural re-
sources to the extent possible is a ra-
tional hedge against climatic adversity
and the possibility that technology
will not always stay ahead of human
population growth. Rangelands, be-
cause they occupy large areas and are
relatively undeveloped, play a critical
role in provision of ecosystem prod-
ucts and services in nearly all parts of
the world. Vital services from range-
lands such as aquifer recharge and
breakdown, and dilution of various
human wastes are severely underval-
ued in the USA and other countries. 

New economic valuation systems
and policies are needed that encourage
conservation of rangelands based on
their capability to provide essential
ecosystem services. This will be one
of the great challenges facing range-
land managers in the 21st century.

Author is professor of Range Science,
Department of Animal and Range Sciences,
New Mexico State University, Las Cruces. This
paper was supported by the New Mexico
Agricultural Experiment Station and was part
of project 1-5-27417.
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Photo ID for page 38.
This small family cattle ranch in Oregon pro -
vides a wide variety of ecosystem services such
as wildlife, clean water, clean air and open
space to the local community. Its existence is
now threatened by low profit margins and
encroaching development.

Table 3. Some uses of rangeland that increas-
ingly reduce the amount of open space and
amount available for livestock production.

1. Ranchettes
2. Airports
3. Prisons
4. Bombing ranges
5. Waste disposal sites
6. Wind farms
7. Solar energy farms
8. Jetports
9. Parks

10. Industrial sites
11. Dams
12. Golf courses
13. Parking lots
14. Museums
15. Shooting ranges
16. High density homes
17. Government buildings
18. Powerlines
19. Railroads
20. Oil and gas lines
21. Highways and roads
22. Oil refineries
23. Sewage processing
24. Fairgrounds
25. Motor courses
26. Power plants
27. Shopping centers
28. College campuses
29. Junkyards
30. Agricultural processing plants
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Ariparian area is land located
along the banks of streams,
rivers, and other bodies of

water. It is a unique ecosystem where
the vegetation is primarily influenced by
the presence of water. Riparian areas
comprise less than 2% of the total land
area in the western United States.
However, the importance of riparian
areas far exceeds the small percentage
of land base they represent. 

They are the most valuable and the
most productive of all  land types.
Riparian vegetation protects
stream banks and shorelines
from erosion, filters sediment,
captures water pollutants, and
builds banks.

We have not always recog-
nized the importance of our ri-
parian and wetland sites.
Decades ago they were treated
as “sacrifice areas.” The upland sites
were considered more practical to man-
age. In the early nineteenth and twenti-
eth centuries, unregulated grazing on
watersheds throughout the West caused
long-lasting damage. Pastures were
made with streams located in the middle
and no alternative water source was
available. The livestock concentrated on
and severely degraded the riparian area,
resulting in poor water quality.

With over a century of poor manage-
ment, it's easy to ignore the problem,
and easier still to not even recognize
that problem exists. Many ranchers
m a ke the comment, “it's looked this
way for as long as I can remember.”
Deterioration has been so gradual that
they have not noticed it. 

By letting riparian areas continue to
degrade, livestock operators are losing
money. Riparian areas are usually the
most productive, and when the forage
on the most productive land is in poor

condition, money is being lost. Cattle
focus on riparian areas and tend to over-
graze them and undergraze upland areas.
Again, money is being lost. Overgrazing
reduces the amount of forage along the
stream banks and causes trampling. This
leaves the soil exposed and vulnerable to
erosion. Overgrazing also reduces shade,
increases water temperature, and increas-
es growth of undesirable plants. All of
these factors affect fish and wildlife as
well as livestock. As a result, the proper-
ty value and water quality are reduced.

When proper grazing techniques are
not practiced, neighbors downstream are
affected as well. When riparian areas are
in poor condition, accelerated run-off
causes with soft bottoms to downcut and
erode laterally. Downcutting lowers the
water table and dries out the riparian
area. If nothing is done to prevent down-
cutting, it can migrate upstream and
eventually ruin an entire watershed.

Symptoms And Solutions
It is time to view our riparian areas

from a water quality perspective. Too
often, livestock operators ignore the
problem until it becomes drastic. Future
generations are left to deal with a condi-
tion that may take decades to restore.
We need to take responsibility, but how
exactly do we recognize a problem?

Some common symptoms of degraded
riparian areas and watershed conditions
include:

• trampling and trailing
• elimination of aspens and willows
• water channel is many times it's

original width, it is shallow and
sediment laden

• virtually no shade or cover for fish,
raw streambanks

If there is the slightest hint of any of
these symptoms, there is a problem that
must be addressed.

Every situation is uniquely different in
its kind and degree, but wherever you
are located on the map there are three

basic ways to treat the problem. 
1. Keep livestock away from the

riparian area using stream corridor
fencing

2. Place riparian areas in separate
pastures to better control the season
and duration livestock use.

3. Use a grazing strategy to limit
the season, duration, and intensity

of grazing on riparian areas.
Stream corridor fencing is one of the

most cost-effective ways to control the
damage caused by livestock and to im-
prove the quality of the water.
Traditionally, ranchers have placed
fences perpendicular to flowing water.
However, if we wish to see improve-
ment in the land, we must improve our
management of it.

Using a grazing strategy to treat the
problem can be complicated. A success-
ful strategy should limit the season of
use and the grazing intensity, giving the
plants sufficient rest to renew their ener-
gy storage. It should ensure that there is
a good vegetative covering along the
stream banks. It must also carefully con-
trol when the grazing is done so that the
banks will not be trampled when they
are the most vulnerable. 

One example is to graze the riparian
area in the winter when the ground is
hard instead of during the summer

Riparian Rescue

Symptoms and solutions to help repair and restore riparian areas.

By Joye Kreycik, Representing the Nebraska Section SRM

If there is the slightest hint of any
of these symptoms, there is a prob-

lem that must be addressed.
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months. This also provides total grow-
ing season rest and encourages root pro-
duction. Three-pasture rest-rotation is
another strategy with good results. It is
especially beneficial to upland grasses.

Grazing strategies are not a “one size
fits all.” Every situation requires differ-
ent management practices. Some com-
mon techniques that may be added to
the grazing strategy are to provide water
and salt supplements away from the ri-
parian area, to add more pastures, and to
limit livestock use of the area .

When a management plan is finally
developed, it is very important to record
the results. Pictures can be very helpful
in monitoring the progress. It may take
decade to fully recover one site, and it
may take only a few years for another
site to be restored. By recording how the
land is responding to the management
techniques, it is possible to adjust strate-
gies as the condition changes.

It is not easy to restore riparian areas,
but it is necessary for a healthy and pro-
ductive environment. Livestock opera-

tors play a critical role. They are the
leaders of this scene. Their commitment,
spirit of cooperation, and creativity are
crucial in determining the quality of our
nation’s water supply. So when the
banks get steep, and the water gets shal-
low, find the deepest part and get in the
flow!

This was the first place paper in the High
School Youth Forum competition at the SRM
Annual Meeting in 2001 at Kona, HI. Joye
Kreycik can be contacted at HC 68, Box 4,
Woodlake, Nebraska 69221; Phone 402-967-
3351. 

NEW! The “Trillion” - shown at right, is the ideal 
broadcast seeder for wildflowers, turf grasses, and

fluffy/chaffy prairie seeds. Unit has three types of seed boxes and combines
the truax seed delivery system with two Brillion® cultipack rollers.

For more information call
(763) 537-6639

or visit www.truaxcomp.com

PERFORMANCE.
Superior design, top-quality materials, and
meticulous hand-built construction are what set
truax seeding equipment apart from the compe-
tition. You’ll find these in every truax seeder
from the small, hand-cranked, Seed Slinger that
lets you broadcast fluffy seeds and grasses to-
gether by hand, to the famous Flex II seed drill
pictured at left, which interseeds native grasses,
turf grasses, fluffy seeds, small grains, wild-
flowers, even legumes.
The result is outstanding seeding performances
even in the most challenging environments! –
and durability that will last for decades.
If you want dependable seeding performance,
you want a truax!

4821 Xerxes Ave. No., Bldg. B
Minneapolis, MN 55430



Prior to 1910, range management had not jelled as a profes-
sion. Important range surveys had been made, botanical infor-
mation collected, ecological succession described and reserves
established. These were actions by dedicated people, actions
spawned by concern for deteriorating land productivity.

In the next decade (1910–1919) range management, as we
know it, came into its own. James Jardine developed survey
methods and did the first technical range analysis. Arthur
Sampson connected ecological theory with practical manage-
ment. Several universities taught classes in rangeland manage-
ment. Science and people began to address the widespread
abuse that gave birth to the range management profession.

Then came World War I. National policy was to raise more
livestock to support our boys in uniform. Safe stocking rates
were ignored. Ranchers were encouraged to overstock for a na-
tional emergency—saving freedom. Wool and beef from
American’s ranges helped win that war. But the rebuilding
process was interrupted and meager progress lost.

When the war ended, ranges were overstocked. Land degrad-
ed by decades of early misuse was pounded by unwanted
hooves. Markets for livestock decreased. National Forests,
Indian Reservations and private ranges held animals beyond
carrying capacity. Large, landless sheep companies trailed their
flocks over unregulated public domain. Nomadic sheep herds
competed with milk cows and draft stock of villages throughout
the west.

Land that had begun to improve under husbandry of science
was now victim of a great war and an even greater depression.
But the seeds of scientific land care had been sown in the dust.
A fledgling science sprouted. Its growth depended on making
the sordid conditions of the Western Rangelands an important
issue in the minds of the general public. Responsibility for land
needed to become a spiritual issue.

Enter the evangelists. Aldo Leopold, a Yale-trained forester
working in New Mexico and Arizona raised his articulate
voice. A combination of his prose and science created the pro-
fession of wildlife management. His essay on a land ethic
proved to be a greater contribution to land care than any sci-
ence he learned at Yale. Hugh Hammond Bennett made tons of
lost prairie topsoil an item of national guilt. Range folks like
Fred Renner, Bill Allred and Ray Becraft preached the gospel
of saving the land.

In the decade of the 1930s, the national concern for western
land became institutionalized. The Taylor Grazing Act was
passed, bringing regulation to the public domain. The Soil
Erosion Service was formed. The Bureau of Indian Affairs and
the USDA Forest Service added regulations and science to their
operations. The function of range managers became recog-
nized. Jobs were available. Numbers of range people were few.

Most college trained range professionals were in the USDA
Forest Service. As the importance of rangelands began to
emerge in the national conscience, the Forest Service did the

first national assessment of rangelands (The Western Range,
Senate Document 199, 1936).

Today, some people try to make their assessment a technical
report. Others, more accurately consider it a political document
whose main objective was to get the public domain under stew-
ardship of the Forest Service. Perhaps it is a little of both. But
for rangeland managers it is significant in that it was our first
unified voice speaking for land we claim to serve.

The authors include many of our heroes. W.R. Chapline, who
did field work with Gifford Pinchot and Arthur Sampson, lets
his voice be heard. As does Bob Campbell and C.S. Forseling
and a host of other pioneers. Every person in range manage-
ment should read the book, not so much for its technical con-
tent, but for our profession’s heritage.

I am one of those guilty of trying to wring a technical content
from the document. I once used it as a base for comparing
range conditions through time. I knew the numbers were not sa-
cred, maybe not even accurate, but the collective opinion of
those early range people was a good and valid starting point to
look at change. The value of the book is that range trained peo-
ple listened to the land and spoke for it. It is part of our evan-
gelical literature that feeds our spirit.

Last February at Kona, very different people gathered than at
the first SRM Annual Meeting I attended in Great Falls,
Montana over four decades earlier. I saw more sandals than
boots, more baseball caps than hats, more shorts than levis.
Young range people were almost equally divided between
women and men. The world has changed. Our Society has
changed. Our mission remains the same: ministers to the land.

We revisit over and over the same old questions. Are we sci-
entists, technicians, or practitioners? Should our journals only
be scientific? Who is our audience; who do we serve?

Answers to these are in our bylaws and summarized in every
journal. We serve the land. Our audience includes anyone who
depends on the land. Our voices, through our publications and
our utterances, explain the interconnectedness of all people and
land. We also inspire others to speak; to awaken the spiritual so
we can apply science to the complex interrelations on range
landscapes. And our collective voices comes from scientists,
technicians, practitioners, and even interested bystanders.
Among those are evangelists.

Every SRM member can name special evangelists who spoke
to his spirit as well as his science. Among mine are Vernon
Young and Dick Whetsell. They are not at the top of my list
when I consider those who taught me science. But they awak-
ened a spirit that made me a range manager instead of a plant
ecologist.

Range management exists because people abused the land.
Our profession must have scientists who search for the inter-
connections that make sustainable landscapes. But our ultimate
value will be determined by those who listen to the land and
then dare become its voice.
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Ministers To The Land
by Thad Box

Listening To The Land



During the Business Meeting, at the Texas Section Annual
Meeting in October, I made a comment that I thought that
SRM as a society had lost the vision of “Who are we?” and
“Where are we going?” I also stated that I thought that we had
lost our passion for the mission and work of the society. These
statements confused and hurt some of the people who have
spent their whole lives in dedicated service to the profession
of range management and to service through SRM. I tried to
clarify my comment to indicate that I meant to apply these
statements to the general membership of the society and not to
each individual member. The objective of this viewpoint is to
extend and clarify these statements and to open a dialogue
with the general membership on the issue, “Who are we and
where are going?”

I remember years past going to Aggie football games and
watching a few individuals play their hearts out while most of
the team was uninspired and unmotivated. The team went 1-9
during one of those years! A few dedicated, hardworking
members on a team do not make a “winner”. A winning team
takes the total effort and commitment of every individual on
the team plus a good coach. This included those that never
play in a game; they are a vital part of the mid-week prepara-
tions for the action on Saturday. SRM is the same way. A few
hardworking-dedicated individuals among a generally apathet-
ic membership do not result in a growing, dynamic Society! In
addition to enthusiasm and dedication, we also need a sound
game plan. Well, how have we gotten to our current status and
if you agree that we need to change, what do we do about it?
Let me share some of my perspective on “Where we have
come from?" and "Where do we need to go?”

The profession of range management began during the late
19th century. Major John Wesley Powell, who led USGS sur-
vey and exploration of the western US after the Civil War,
recognized that the lands of the west were "a different kind of
land" that was not suitable for cultivated agriculture, but was
suitable for production of grazing animals. USDA researchers,
Smith and Bennett, working in Texas recognized the need to
control and manage grazing and to restore rangeland vegeta-
tion that had been depleted by excessive grazing. During the
early 20th century, the discipline of ecology began developing
and range management focused on the application of ecologi-
cal principles for sustainable production of livestock. By the
middle of the 20th century, the need for “range management”
was widely recognized by a significant group of scientists, ed-
ucators, and practicing professionals and the American
Society of Range Management was organized in 1948. This
new professional society had a clearly identified vision and

mission that unified the membership; it was land conservation
through proper grazing management. It was based on a strong
natural resources conservation ethic.

During the 1960’s, our national attention focused on “sci-
ence” and our discipline shifted its focus from land conserva-
tion and management to science and research. Departments
changed their names from Range Management to Range
Science. The growth of the body of range science knowledge
over the past 40 years has been truly impressive. As our focus
shifted from conservation to science, our emphasis shifted to-
wards more basic research and economics. These were effec-
tive in rallying our rancher and professional base and SRM
grew to over 7,000 members. 

However, during the 1960’s, the e n v i r o n m e n t a l m o v e m e n t
began as a distinct group that differed in focus from the con -
servation movement. It came primarily from persons whom
we believed were "not involved" with agriculture and "not
fully informed" about scientific agriculture and natural re-
sources. These persons raised their voices and took action to
protest many of the advances in “scientific agriculture” such
as the widespread use of pesticides. Our general reaction was
annoyance and frustration. We both ridiculed and ignored
them. After all, did they not recognize that we were the "origi-
nal conservationists" and we were feeding America and the
world! But, society in general was listening to what these new
environmentalists were saying and we began to see congress
enacting new laws that regulated the use and management of
natural resources. By the early 1990’s there was a significant
body of environmental laws enacted and a proliferation of
governmental regulations affecting a wide range of environ-
mental and natural resource issues. Meantime, the success of
production agriculture continued to improve the supply and
quality of “cheap” food. Support (funding for research, educa-
tion, and technical assistance) for the science of "production
agriculture" began to decline during the 1980s and during the
last 10 years has decreased greatly.

Where does this leave SRM today? The paradigm of "maxi-
mum sustainable use of rangelands for the production of
goods (livestock) and services" no longer has the enthusiastic
support of many of our members or the general public. Much
of the current science in our research universities is no longer
based on this paradigm of production agriculture. The "new"
rancher/land owners do not desire maximum sustainable use
of their lands. Livestock grazing is now justified as “a tool for
vegetation management" on some rangelands, but "probably
should be excluded from many”. 

The original theme of SRM, Land Conservation and
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Viewpoint

Where Have We Come From? Where Are We, And Where Are We
Going?

By Mort Kothmann



M a n a g e m e n t, is highly relevant today; as evidenced by the
formation of numerous new professional organizations, each
with a rather specific focus related to conservation of some
specific natural resource(s). Our general response has been,
“Hey, that’s our job!” but they have ignored or attacked us
and pressed on with their “special purpose agendas”. As pro-
duction agriculture has declined, the number of students inter-
ested in careers in production agriculture, which includes the
traditional range conservationist positions in federal agencies,
has declined. Only a small minority of the students currently
enrolled at TAMU has any interest in pursuing a career in tra-
ditional range management as a government employee. The
majority are interested in working in the private sector, pri-
marily in various aspects of environmental management, regu-
lation, or science. Many do not see SRM as an effective pro-
fessional organization that represents their interests and will
support and enhance their professional development.

Along with these changes, SRM membership has declined.
Younger age classes are not adequately represented in range
management positions. It is estimated that 40% of profession-
als in government land management agencies may retire with-
in the next 7 years. This combined with the low level of inter-
est by young persons in pursuing these careers can be consid-
ered an indicator of an apparent downward trend. These are
symptoms of a declining profession.

Where do we go from here? The future of SRM as a profes-
sional society will be determined by our ability to clearly de-
fine and communicate a central paradigm that will energize
and motivate a large number of professionals and generate
broad public support. This paradigm must have high “value”
to the potential members and to society at large. It must sup-
port the development of an “action” agenda that will promote
the strongly held values of the membership and promote the
conservation and wise use of all lands for the benefit and wel-
fare of humankind. It must be “forward looking” not clinging
to what we were, just because it was right in its time. To para-
phrase Thad Box, SRM has several options; we can identify
what society feels that they need and want and try to meet
those needs, keep doing what we are doing and slowly fade
away, or close-up shop and move on now. 

The values and paradigms of the public are constantly
changing and if we do not evaluate and anticipate these
changes, we are destined to become less and less relevant in
what we do. We need to anchor our personal lives and our
professional organization on basic values that do not change.
We need to learn to interpret the context of a continually
changing society. This need to deal with change has been the
justification and purpose of SRM’s involvement in Journey to
Change. The dialogue has begun on what, when, where, and
how we need to be changing! It is time for action to begin to
flow from the dialogue. The following are some of my person-
al opinions on the kinds of changes that we need to make at
the present time.

It is time to drop “range” as the primary identity of our pro-
fession. In the on-line Encarta World English Dictionary
(2001) under “range” there are 28 definitions of the term, 18
used as a noun and 10 as a verb. Only 2 definitions have any

relation to the concept or range as we have defined it in SRM.
Number 9 is “range n. AGRICULTURE open land for graz-
ing farm animals: a large area of open land on which farm
animals can graze. Also called rangeland”. Number 5 is
“range v. transitive verb AGRICULTURE put livestock out
to graze : to put livestock out to graze on a large open area”.
While there continues to be some individuals in SRM that in-
sist that the term range does not imply a “use” of land, it
should be little surprise that most of the public does not under-
stand the concept of multiple uses, products, and services
from rangelands and that those who think they do, view range
management as “cows and grass”. The SRM membership is
not unified on “who we are” and “what we do”. As we have
striven to change our own definition and vision of range man-
agement some still cling to old concepts and some insist on
new concepts and new definitions for the old terms. To
change a public concept that has been firmly engrained for
over 100 years will require a clearly focused vision, broad
commitment, and many resources.

We need a new name and a new vision statement that will
more clearly reflect the broader mission and expertise of our
organization so that the public and other professionals will be
able to understand “Who we are!” and “What we do!” It
should not require us to try to rewrite the dictionaries and en-
cyclopedias and reeducate the public. I think there are three
key words that define our vision: land, conservation, and
management. Land is a broad concept that includes the soils,
topography, water, flora, fauna, and climate. The terms, and
the concepts that they embody, are readily translated and un-
derstood in different languages and cultures. Therefore, I pro-
pose that we change the name of SRM to Society for Land
Conservation and Management. Along with this change, we
need to reach out to professionals and non-professionals who
share a common vision for the conservation and management
of land resources. 

If we are to grow and increase our influence, it will not be
because a few dedicated individuals in upper leadership of
SRM work long and hard; it will be because we have an iden-
tity, vision, and mission that motivates and energizes a broad
spectrum of professionals and public who have a genuine in-
terest and commitment to land conservation and management.
Leadership is needed at the national level, but strong leader-
ship and most of the work and progress must occur at the local
and regional levels. The sections need to identify areas where
we can broaden our suite of professional services and serve a
broader clientele to the many and diverse needs for land con-
servation and management at the local and regional levels. If
we are to survive and prosper as a professional organization,
it will take a sound game plan and the best effort and dedica-
tion of each member.

I welcome your responses at m-kothmann@tamu.edu. 
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Sucker fish, spotted owls, sage grouse, prairie dogs, etc. are
running the farmers, ranchers and loggers off the land. 

The animals themselves are not the culprits. The culprits are
the environmental organizations such as the Sierra Club,
Wildlife Federation, Greater Yellowstone Coalition,
Wilderness Society, Friends of Animals, Nature Conservancy,
etc. And, working hand and hand with them are the U.S.
Government agencies such as Fish and Wildlife Service,
Forest Service, Bureau of Land Management, Bureau of
Reclamation, National Marine Fisheries, United Nations, etc.

The environmental organizations and government agencies
are using the Endangered Species Act as a “legal” leverage to
bring the land users to their knees and eventually have power
over the water and land use.

The “fish over farms” decision is a prime example, saving a
dubiously endangered fish on the Klamath in Oregon, by shut-
ting down irrigation, will literally starve out 1500 farmers.
How shameful and ruthless can we get? And, to top it off: the
American Land Conservancy is offering as much as $4,000 an
acre to the first willing seller ready to give up. Then, it will no
doubt be transferred to a government agency.

Long before the dust settles from the vacated farms the mo-
tels, grocery stores, other businesses and schools will also be
vacated. One wonders who the suckers are—the fish or we the
people.

In a recent local paper one of the headlines was “Prairie Dog
Conservation Efforts Making Progress.” Environmental con-
cerns and the “Green” movement are desperately working to
have the Black tailed prairie dog declared a “threatened”
species. This makes almost as little sense as a sucker fish
being declared an “endangered” species.

Long before Lewis and Clark first discovered the “barking
dogs” in 1804 drought and prairie dogs were the scourge of
the prairies. And they still are. Ranchers can and do cope with
occasional drought years by conservative stocking, feeding
hay or selling some grazing animals. If prairie dogs are de-
clared “threatened” or “endangered” they will—like the suck-
ers in the Klamath Basin—have preference over domestic
livestock. Incidentally prairie dogs multiply like mice, expand
their territories and devastate any range they occupy. 

The State Prairie Dog Park south and east of Greycliff,
Montana—which, incidentally, is a monument to stupidity—is
a prime example of land devastation by prairie dogs. And, the
dog towns keep getting larger and larger and more and more
devastated. The anti-use organizations are totally unreason-
able and irresponsible in demands of the land users. Farmers
are growing crops and caring for the environment better than
they ever have. Due to good grazing management, rangelands
in Montana and most of the west are in better condition than

they have been since the first white men arrived. This not only
pays off in more livestock, crop production and food abun-
dance but also improves wildlife habitat and enhances the en-
vironment.

Until the Endangered Species Act is amended or abolished
the situation will only get worse. Prairie dogs and suckers will
be king and ranchers and local businesses will be fewer and
fewer throughout the west. Wake up, America, before it is too
late!

Carlton S. Fonte, 89, of Sterling, Colorado passed away on
September 24, 2001.

Carlton was born on June 10, 1912 to Major and Emma
(Parker) Fonte in Wray. He grew up in Wray and graduated
from high school in 1930. He continued his education at
Colorado A&M (Colorado State University), and graduated in
1935 with a B.S. degree.

On May 29, 1937 he married Johnnie Hollerand in Gallup,
N.M. They lived in New Mexico, Utah and Arizona. Johnnie
preceded him in death in 1969. Carl worked for the USDA
Soil Conservation Services for 40 years.

On June 25, 1970 he married Mary Manuello Kapernik and
continued to work for the Soil Conservation Serive until he re-
tired. Mary passed away in 1992.

Carl was listed in Colorado Who’s Who in 1984 as Rancher.
He was a charter member of both the Society for Range
Management and the Soil Conservation Society, holding life-
time memberships in both.
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Letter To The Editor

Wake Up, America
by Bob Ross, Range Ecologist

Requiescat In Pace

February Deadline Date

The deadline date for information to be published in
the February issue of Rangelands is January 1. Note all
department columns, advertisements, pertinent informa-
tion, etc. is due on that date.



Advances In Weed Biocontrol
Producers dealing with Canada thistle, Dalmation toadflax

or hound’s-tongue weed problems could get some help from
Mother Nature. Field trials of biological control agents on
these three weeds are showing promise in western Canada.

Researchers at the Saskatoon Research Centre have found a
fungus that can be broadcast on to stands of Canada thistle to
help control the weed.

At the Lethbridge Research Centre, a biocontrol beetle that
attacks hound’s-tongue is being researched. The root-feeding
weevil is imported from Europe. In five-year trials, some
hound’s-tongue infestations have been eliminated thanks to
the beetle.

Another stem-boring weevil is seeing success in knocking
back stands of Dalmation toadflax. This beetle has shown to
reduce toadflax stands in as little as two years.

Electric Fences & Wildlife
Electric fences appear to cause minimal harm to wildlife,

according to a preliminary study conducted by scientists with
the Cooperative Fish and Wildlife Research Unit at the
University of Wyoming.

The study was designed to determine if electric fences influ-
ence the movements of big game animals. Infrared activated
video cameras were used to record animals’ natural move-
ments without human interference.

The Wyoming researchers found that because electric fences
require fewer fence posts and are more flexible than rigid con-
ventional fences, electric fences are easier for wildlife to
cross. As a result, animals are less likely to get tangled in the
wires and incur less stress.

The researchers also say that electric fences are a viable op-
tion for keeping cattle and even large bison contained. The
livestock in the study had never previously been exposed to an
electric fence and all learned quickly to avoid contact and re-
spect the fence.

Modified Alfalfa Fights Cancer
A chemical in genetically modified alfalfa may help prevent

colon cancer, according to an Iowa State University study.
Iowa researcher Diane Birt is working with an alfalfa modi-

fied at the Samuel Roberts Noble Foundation. It is high in
resveratrol glucoside, which helps protect plants from field rot
during wet periods.

Although the alfalfa was developed for agronomic reasons,
data in scientific literature suggests that resveratrol can pre-
vent skin cancer.

Birt decided to look at how it works in the diet to prevent
colon cancer. Working with mice, she found that the chemical
prevents colon cancer at a very early stage. She plans to apply
for a grant to fund further studies.

Site For All Your Fencing Needs
Fenceonline.com is a one-stop Web site designed to simpli-

fy the process – from start to finish – of purchasing and in-
stalling new fence. The site includes comprehensive informa-
tion on fencing materials, as well as budgeting, buying and
building tips.

Scholarship For Future Range Managers
High school seniors planning to major in range science or a

college freshman presently majoring in range science are eli-
gible to apply for the Masonic-Range Science Scholarship.
The scholarship totals nearly $8,000. 

The recipient of the scholarship must be planning to attend
or currently be attending a college or university with a range
science program. Second through fifth place applicants are
also eligible for a cash award.

Applicants must be sponsored by a member of the Society
for Range Management (SRM), the National Association of
Conservation Districts (NACD), or the Soil and Water
Conservation Society (SWCS). The SRM Student Affairs
Committee will select the recipient(s) and announce their se-
lection at the SRM Annual Meeting held in February 2002 in
Kansas City. 

For more information contact the Society for Range
Management at 303-986-3309. Applications are due January
15, 2002.

“Resource Roundup” is compiled by Kindra Gordon.
Contributions welcome at kindrag@tsln.com or 605/722-7699
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Nitrogen Availability Effects On 
The Growth Of Exotic Weeds Quality Of Forage Stockpiled In Wisconsin

Petra N. Lowe, William K. Lauenroth, Ingrid C. Burke Janet L. Riesterer, Daniel J. Undersander, Michael D. Casler, and
David K. Combs

Many studies have shown that high nitrogen availability encour-
ages the community dominance of exotic, weedy species. We tested
the hypothesis that exotic weeds and native species differ in their
response to nitrogen availability by growing 2 native species and 4
exotic species in the greenhouse under a gradient to nitrogen avail-
ability. The exotics and natives did not differ in their response to ni-
trogen availability, but not in the predicted manner. Our data do not
show a generalizable relationship between exotic or native plan
groups and growth response to nitrogen.

Quality changes of stockpiled forages used for extending the
grazing season is not known for many areas in the upper Midwest.
The quality changes of 7 stockpiled cool-season grasses with and
without N fertilizer was evaluated at 3 offseason dates at 3 loca-
tions in Wisconsin. The quality decreased over winter remained at
adequate levels for beef cows, dry dairy cows, and sheep. The qual-
ity can maintain the animals if the forage remains accessible and
adequate animal stocking density maintained.

Sneek A Peek
At The Upcoming Issue Of

The Journal Of Range Management

Drought And Grazing: 
IV. Blue Grama And Western Wheatgrass

E.J. Eneboe, B.F. Sowell, R.K. Heitschmidt,
M.G. Karl, and M.R. Haferkamp

There have been very few quantitative studies which have tested
the responses of blue grama and western wheatgrass to both
drought and grazing in the field. An automated rainout shelter was
used for 2 years to measure the effects of drought, grazing and rest
on tiller dynamics. Drought and grazing had very little affect on
tiller process of both species. Detrimental effects of grazing during
a drought may not be as severe as once suspected for these plant
s p e c i e s .

Classifying Federal Public Land Grazing Permittees

Bradley J. Gentner and John A. Tanaka

Knowledge about public land ranchers’ characteristics and atti-
tudes can assist in finding policy choices that will lead to more effec-
tive solutions to today’s complex and controversial public land man-
agement decisions. A mail survey of 1998 BLM and USFS grazing
permittees was conducted. Eight different types of ranchers were
identified who respond to public land grazing policies differently and
have different attitudes about management, but have similar reasons
for being a public land rancher. These results will be used to refine
our analysis of how public land ranchers respond to proposed
changes and ultimately how that impacts their communities.

Seasonal Grazing Affects Soil Physical Properties Of A
Montane Riparian Community

Melinda A. Wheeler, M.J. Trlica, Gary W. Frasier, 
and J.D. Reeder

Cattle grazing impacts on soil physical properties and infiltration
in riparian plant communities and how fast the soils recover is
needed. Seasonal grazing treatments (early spring and late sum-
mer) effects on soil physical properties were evaluated in a mon-
tane riparian ecosystem in northern Colorado. Spring or late sum-
mer grazing periods did not affect soil physical properties howev-
er, infiltration rates declined significantly and bulk density in-
creased at the 5–10 cm depth and 10–15 cm depth in grazed plots
immediately following grazing. Infiltration rates and soil bulk den-
sities returned to pre-disturbed values within 1 year after grazing
events, suggesting full hydrologic recovery.

Does Ruminal Retention Affect Viability Of Leafy Spurge
Seed Of Varying Maturity?

Bret E. Olson and Roseann T. Wallander

Grazers ingest seeds of invasive forbs. Seed at 3 stages of maturity
from the Eurasian leafy spurge were fed to sheep in one trial and
placed in the rumen of sheep in another trial. More hard dough and
mature seed were recovered from manure than soft dough seed with
few seeds  recovered after four days. While viability of hard dough
and mature seed declined with greater residence time in the rumen
showing livestock ingesting hard dough and mature leafy spurge seed
may disperse viable see.



RANGELANDS 23(6)52

Grazing Impacts On Litter And Roots:
Perennial Versus Annual Grasses

E. Mapfumo, M.A. Naeth, V.S. Baron, A.C. Dick, 
And D.S. Chanasyk

Grazing has a major impact on litter, roots and soil characteris-
tics. Grazing management effects at light to heavy intensities on lit-
ter and root mass, litter and root C and N pools in 2 perennial pas-
tures and triticale were evaluated in Alberta Canada. Increased
grazing intensity resulted in smaller litter and root C and N pools
with litter and root mass, and litter C pool greater for perennials
than for triticale. Amidst concern about global warming, growing
perennial species may potentially enhance C sequestration and re-
duce net emission of carbon dioxide from agricultural ecosystems.

Cheatgrass Competition And Establishment Of Desert
Needlegrass Seedlings

Dawn L. Rafferty And James A. Young

Cheatgrass competition is a major factor in limiting the success
of restoration seedings of desert needlegrass in the more arid por-
tions of the Great Basin. Seedlings of desert needlegrass were
grown in a greenhouse with 5 different densities of cheatgrass.
Reducing the density of cheatgrass seedlings to the equivalent of
25% of the density present in the field still did not allow the estab-
lishment of the perennial grass seedlings. Even though desert
needlegrass is adapted for natural establishment, some form of
complete cheatgrass control is required before success in revegeta-
tion can be achieved.

Intermediate Wheatgrass And Russian Wildrye
Responses To Defoliation And Moisture

J.R. Hendrickson And J.D. Berdahl

Understanding how plants are affected by defoliation when mois-
ture is limiting will improve grazing management in drought situa-
tions. A greenhouse experiment was conducted with 2 species, 3
defoliation levels and 3 different field capacities. Defoliation had a
greater effect on plant responses than did moisture level. This re-
search needs further evaluation in field settings but it suggests that
monitoring the defoliation level is the crucial aspect of grazing
management regardless of the moisture situation.

Soil Erosion As Affected By Shrub Encroachment In
North Patagonia

Bernardo Parizek, César M. Rostagno, and Roberto Sottini

In the grass and shrub-grass steppes of northeastern Patagonia,
increased soil erosion has been closely associated with the increase
in shrub cover. A rainfall simulator was used to compare infiltra-
tion and sediment production from patches of grass, shrub-grass,
and shrub steppes of the Punta Ninfas range site. Gravel cover was
the variable that best predicted infiltration and sediment production,
but runoff litter removal may represent one of the processes that
drive the transition from shrub-grass to shrub steppes. High rates of
runoff and sediment removal, mainly litter, may limit natural recov-
ery of the soil properties and the perennial grass cover.

Rangeland Management Under Uncertainty: 
A Conceptual Approach

Amitrajeet A. Batabyal and E. Bruce Godfrey

There is a need for better analtyical cools to guide resource man-
agers on the consequences of their management decisions. A theo-
retical model using Markov chain techniques is presented that cap-
tures the essential aspects of dynamic and stochastic issues associ-
ated with rangeland resource management. The optimization of re-
source management policy objectives arising from this approach in-
volves the simultaneous maintenance of ecological stability in the
sense of persistence. The approach is consistent with the state-and-
transition model of rangeland behavior and accounts for the role
uncertainty plays in the temporal evolution of managed rangeland
r e s o u r c e s .

Intake And Digestive Kinetics Of Leaf And Stem
Fractions

James B. Lamb, Don C. Adams, Terry J. Klopfenstein, Rick J.
Grant, Phillip L. Sims, Larry M. White and Steven S. Waller

Limited information is available on effects of individual leaf and
stem fractions on intake, digestibility and rumen kinetics in cattle.
Ruminally fistulated steers were used to test effects of immature
(vegetative) and mature (post reproductive) leaf and stem fractions
of subirrigated meadow hay on intake, digestibility and digestive
kinetics. Within maturity, intake and digestibility were similar, but
immature fractions had higher digestibility, intake and passage rate
than mature fractions. Differences in digestibility and intake be-
tween immature and mature fractions were explained by changes in
structural components of the cell wall that made particles more re-
sistant to mechanical and microbial breakdown.



December 2001
53

Window Grazing and Baled-Hay Feeding Strategies For
Wintering Calves

Jerry D. Volesky, Don C. Adams, And Richard T. Clark

Windrow or swath grazing is a strategy where livestock directly
graze windrow-stored forage, generally during a time when packaged
hay or some other feed is provided. We evaluated calf performance,
forage intake, quality, and waste under windrow grazing and bale fed
management strategies. Calves readily adapted to windrow grazing
with adequate gains and the quality of forage remained similar be-
tween windrows and bales through the fall and into the winter
months. Economic analysis indicated costs for windrow grazing were
substantially less than those associated with a bale feeding strategy.

Salinity Effects Development, Growth, And
Photosynthesis In Cheatgrass Populations

Kaylie E. Rasmuson And Jay E. Anderson

The ubiquitous nature of cheatgrass in cold desert environments
suggests that few factors have a negative influence on its distribution.
A 2 phase study assessed the development and physiological re-
sponses of cheatgrass to 4 salinity levels and growth patterns of
plants grown from seeds collected from non-saline and saline field
sites. Increasing salinity reduced whole plant carbon gain and stunted
root growth in plants from both seed sources. However, cheatgrass
plants grown from seed collected at the saline site exhibited acceler-
ated growth compared to plants grown from the non-saline site seed
s o u r c e .

Effects Of Top-Soil On Saltcedar Photosynthesis And
Stomatal Conductance

Mohamed Mounsif, Changgui Wan, and Ronald E. Sosebee

We examined effects of surface soil drying on photosynthesis and
stomatal conductance of a phreatophyte Tamarix gallica.
Photosynthesis was 66–109% higher in summer of 1991 when sur-
face soil was wet as compared to the same periods of 1990 in which
little rain occurred. Leaf conductance showed a similar trend of pho-
tosynthesis and depth to the water table did not affect photosynthesis
or conductance, provided the surface soil was moist. Upon soil-
rewetting, significance of the deep roots in water uptake declines,
while contribution of the shallow roots to total water uptake increas-
es, leading to higher conductance and photosynthesis.



This section reviews new publications available about the art
and science of rangeland management. Personal copies of these
publications can be obtained by contacting the respective publish-
er or senior author (addresses shown in parentheses). Suggestions
are welcomed and encouraged for items to include in the future
issues of Rangelands.

Animal Ecology
Habitat and diet selection by muskoxen and reindeer in
western Alaska. C. Ihl and D.R. Klein. 2001. Journal of
Wildlife Management 65:964-972. (Cooperative Fish &
Wildlife Research Unit, Univ. of Alaska, Fairbanks, AK
99775). Although muskoxen and reindeer overlap in their use
of feeding areas, the two species select different forage plants.

Influence of grazing by bison and cattle on deer mice in
burned tallgrass prairie. R.S. Matlack, D.W. Kaufman, and
G.A. Kaufman. 2001. American Midland Naturalist 146:361-
368. (Division of Biology, Kansas State Univ., Manhattan, KS
66506). When grazed at the same stocking rate, grazing by
bison resulted in larger patches of short vegetation and more
bare soil than did cattle grazing. These habitat features fa-
vored deer mice. 

Microhabitat selection by Texas horned lizards in south-
ern Texas. A.L. Burrow, R.T. Kazmaier, E.C. Hellgren, and
D.C. Ruthven. 2001. Journal of Wildlife Management 65:645-
652. (Dept. of Zoology, Oklahoma State Univ., Stillwater, OK
74078). Habitat selection by horned lizards did not differ
among five burning/grazing treatments. “Habitat management
for Texas horned lizards should focus on creating a mosaic of
bare ground, herbaceous vegetation, and woody vegetation in
close proximity.”

Grazing Management
Annual range forage production. M. George, J. Bartolome,
N. McDougald, M. Connor, C. Vaughn, and G. Markegard.
2001. Univ. of California Division of Agr. and Natural
Resources Publ. 8018. (Communication Services, Univ. of
California, 6701 San Pablo Ave., 2n d Floor, Oakland, CA
94608). Long-term weather and forage production data can be
used to predict periods of low forage production.

Annual rangeland forage quality. M. George, G. Nader, N.
McDougald, M. Connor, and B. Frost. 2001. Univ. of
California Division of Agr. and Natural Resources Publ. 8022.
(Communication Services, Univ. of California, 6701 San
Pablo Ave., 2nd Floor, Oakland, CA 94608). Summarizes the
seasonal variation in nutritive value of forage on California
annual rangeland.

Balancing beef cow nutrient requirements and seasonal
forage quality on annual rangeland. M. George, G. Nader,
and J. Dunbar. 2001. Univ. of California Division of Agr. and
Natural Resources Publ. 8021. (Communication Services,

Univ. of California, 6701 San Pablo Ave., 2nd Floor, Oakland,
CA 94608). Discusses potential nutrient deficiencies that may
affect beef cows grazing on annual rangelands.

Sheep grazing for vegetation management in the northern
forests of British Columbia and Alberta. E.C. Fraser, R.
Kabzems, and V.J. Lieffers. 2001. Forestry Chronicle 77:713-
719. (Dept. of Renewable Resources, Univ. of Alberta,
Edmonton, AB T6G 2E3, Canada). With proper management,
sheep grazing is a viable tool to improve survival and early
growth of conifers.

Swath/windrow grazing:  An alternative livestock feeding
technique. G. Surber, T. Fisher, D. Cash, P. Dixon, and J.
Moore. 2001. Montana State Univ. Extension Service
MontGuide MT200106. (Extension Publications, Culbertson
Hall, Montana State Univ., Bozeman, MT 59717). This bul-
letin describes how to windrow hay and allow livestock to
graze it during winter.

Using stage of maturity to predict the quality of annual
range forage. M.R. George and M.E. Bell. 2001. Univ. of
California Division of Agr. and Natural Resources Publ. 8019.
(Communication Services, Univ. of California, 6701 San
Pablo Ave., 2nd Floor, Oakland, CA 94608). Stage of maturity
is a useful indicator of forage crude protein content, but it is
not a strong predictor of crude fiber, calcium, or phosphorus
content.

Hydrology/Riparian
Effects of flooding on native and exotic plant seedlings:
Implications for restoring south-western riparian forests
by manipulating water and sediment flows. C.M. Levine
and J.C. Stromberg. 2001. Journal of Arid Environments
49:111-131. (Dept. of Plant Biology, Arizona State Univ.,
Tempe, AZ 85287). This paper suggests ways to discharge
water and sediment to favor establishment of native trees and
shrubs in degraded riparian areas.

Restoration of riparian vegetation in the south-western
United States:  Importance of flow regimes and fluvial dy-
namism. J.C. Stromberg. 2001. Journal of Arid Environments
49:17-34. (Dept. of Plant Biology, Arizona State Univ.,
Tempe, AZ 85287). This paper reviews the influence of
stream flow regimes on the structure and restoration of ripari-
an plant communities in the Southwest.

Tolerance of five riparian plants from the lower Colorado
River to salinity, drought and inundation. M . W .
Vandersande, E.P. Glenn, and J.L. Walworth. 2001. Journal of
Arid Environments 49:147-159. (Dept. of Soil, Water, and
Environmental Science, Univ. of Arizona, Tucson, AZ
85721). Pulse flooding that flushes salts from streambanks
may enable native trees and shrubs to out-compete salt-toler-
ant tamarisk in southwestern riparian areas. 
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Browsing The Literature
Jeff Mosley



Improvements
Influence of prescribed fire on lesser prairie-chicken habi-
tat in shinnery oak communities in western Oklahoma.
C.S. Boyd and T.G. Bidwell. 2001. Wildlife Society Bulletin
29:938-947. (Eastern Oregon Agr. Research Center, HC71,
451 Hwy 205, Burns, OR 97720). Prescribed fire is an effec-
tive tool for improving foraging habitat and brood habitat for
lesser prairie chickens.

Leafy spurge (Euphorbia esula) control and herbage pro-
duction with imazapic. D.M. Markle and R.G. Lym. 2001.
Weed Technology 15:474-480. (R. Lym, Plant Sciences
Dept.,  North Dakota State Univ., Fargo, ND 58105).
Describes the optimal way to apply Plateau herbicide for con-
trolling leafy spurge with minimal or no grass injury.

Persistence of municipal biosolids in a Chihuahuan desert
rangeland 18 years after application. M. Walton, J.E.
Herrick, R.P. Gibbens, and M.D. Remmenga. 2001. Arid
Land Research and Management 15:223-232. (J. Herrick,
USDA-ARS, Jornada Experimental Range, MSC 3JER, Box
30003, Las Cruces, NM 88003). About 30% of the applied
sludge persisted for 18 years after application in southern New
Mexico. 

Surface application of biosolids in the Chihuahuan Desert:
Effects on soil physical properties. C.M. Rostagno and R.B.
Sosebee. 2001. Arid Land Research and Management 15:233-
244. (R. Sosebee, Dept. of Range, Wildlife, and Fisheries
Management, Texas Tech Univ., Lubbock, TX 79409).
Application of biosolids increased the organic matter content
in the upper inch of topsoil and increased infiltration rates.

The effect of fire on the population viability of an endan-
gered prairie plant. T.N. Kaye, K.L. Pendergrass, K. Finley,
and J.B. Kauffman. 2001. Ecological Applications 11:1366-
1380. (Dept. of Botany and Plant Pathology, Oregon State
Univ., Corvallis, OR 97331). Prescribed burning was an effec-
tive tool for maintaining viable populations of an endangered
forb in western Oregon and Washington.

The impact of the timing of brush management on the nu-
tritional value of woody browse for moose Alces alces. R.V.
Rea and M.P. Gillingham. 2001. Journal of Applied Ecology
38:710-719. (Natural Resources and Environmental Studies,
Univ. of Northern British Columbia, 3333 University Way,
Prince George, BC V2N 4Z9, Canada). To increase its avail-
ability and nutritive value as winter browse, Scouler willow
should be clipped no later than mid-July.

The role of indigenous burning in land management. R.W.
Kimmerer and F. K. Lake. 2001. Journal of Forestry
99(11):36-41. (SUNY College of Environmental Science and
Forestry, One Forestry Drive, Syracuse, NY 13210).
Describes the extensive use of prescribed fire by North
American Indians prior to Euro-American settlement. 

Management Planning
Organizational commitment to integrated and collabora-
tive management:  Matching strategies to constraints. R.D.
Margerum. 2001. Environmental Management 28:421-431.

(College of Architecture and Planning, Univ. of Colorado, P.O.
Box 173364, Denver, CO 80217). More explicit efforts must
be made to ensure the commitment of participants and their or-
ganizations in collaborative decision-making processes. 

Plant-Animal Interactions
Can plants stimulate soil microbes and their own nutrient
supply?  Evidence from a grazing tolerant grass. E . W .
Hamilton and D.A. Frank. 2001. Ecology 82:2397-2402.
(Dept. of Biology, Washington and Lee Univ., Lexington, VA
24450). Grazing in northwestern Wyoming caused Kentucky
bluegrass roots to exude carbon, which enabled soil microbes
to increase soil nitrogen, which enabled grazed plants to in-
crease photosynthesis.

Plant Ecology
Decomposition rates of native and improved cultivars of
grasses in the Northern Great Plains. J.R. Hendrickson, B.J.
Wienhold, and J.D. Berdahl. 2001. Arid Land Research and
Management 15:347-357. (USDA-ARS, Northern Great
Plains Research Lab, Box 459, Mandan, ND 58554). Green
needlegrass and blue grama decomposed slower than crested
wheatgrass, smooth brome, and an improved cultivar of west-
ern wheatgrass.

Exotic plant invasion alters nitrogen dynamics in an arid
grassland. R.D. Evans, R. Rimer, L. Sperry, and J. Belnap.
2001. Ecological Applications 11:1301-1310. (State Isotope
Lab, Univ. of Arkansas, Fayetteville, AR 72701). Cheatgrass
invasion in southeastern Utah decreased the amount of nitro-
gen available to soil microbes.

Socioeconomics
Prescribed fire and public support:  Knowledge gained, at-
titudes changed in Florida. J.B. Loomis, L.S. Bair, and A.
Gonzalez-Caban. 2001. Journal of Forestry 99(11):18-22.
(Dept. of Agr. and Resource Economics, Colorado State Univ.,
Fort Collins, CO 80523). Florida residents were more tolerant
of prescribed fire after receiving educational information.

The “freezing” of science:  Consequences of the dogmatic
teaching of ecology. R. Gonzalez del Dolar and L. Marone.
2001. BioScience 51:683-686. (Unidad de Fisiologia y
Ecologia Vegetal, Casilla de Correo 507, Mendoza 5500,
Argentina). University instructors should use teaching strate-
gies that help students develop critical thinking skills and en-
able students to recognize the limits of ecological knowledge.

The new ranch handbook:  A guide to restoring western
rangelands. N. Sayre. 2001. ($13.50; The Quivira Coalition,
551 Cordova Rd. #423, Sante Fe, NM 87501). Explores the
compatibility of ranching and conservation and highlights sev-
eral successful collaborative partnerships.

Author is Professor of range science and Extension Range
Management Specialist, Dept. of Animal and Range Sciences,
Montana State Univ., Bozeman, Mont. 59717.
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Wildlife Stewardship and Recreation on Private Lands
1999. By Delwin E. Benson, Ross “Skip” Shelton, and Don
W. Steinbach. Edited by Judy F. Winn. Texas A & M
College Station, Texas. 170p. US$29.95 hardcover. ISBN 0-
89096-872-1. 
Who owns wildlife? Common law says that wildlife is

owned by all citizens, and governments have the authority to
manage wildlife on our behalf. Wildlife Stewardship and

Recreation on
Private Lands
examines fran-
chising systems
that allow the
public and pri-
vate sectors to
work together to
set common
goals and dele-
gate responsibili-
ties for the man-
agement of wild-
life and users on
private lands. 

The role of
landowners in
providing wild-
life conservation,
outdoor recre-
ational opportu-

nities, and ecosystem management on private lands in the
United States is not well established in either theory or prac-
tice. The willingness of farmers and ranchers to include
wildlife management and recreation in their economic enter-
prises and management plans is largely untried and uncertain.
Some farmers and ranchers consider wildlife and the recre-
ational potential it represents assets, while others have real or
imagined problems with wildlife and recreationists and so
may discourage animals, their habitat, and the people who
seek them. This can lead to resentment on the part of
landowners toward the agencies, organizations, and individu-
als who represent wildlife. At the same time, governments
have struggled with this dilemma of managing public wildlife
on private lands. 

Solutions to the dilemma are both philosophical and prag-
matic. The authors of Wildlife Stewardship and Recreation on
Private Lands address these issues. The book’s twelve chap-
ters covers the following questions: 
✑ Are private lands important for producing wildlife and

recreational opportunities? 
✑ Is encouraging wildlife and recreation on private lands in

the best interest of society?

✑ Will landowners benefit by managing for wildlife and
recreation? 

✑ Can the support of wildlife and recreation be a gratifying
experience and a profitable component of agricultural life,
or are wildlife and recreationists not compatible with pro-
duction agriculture, livestock grazing, or forestry? 

✑ How can landowners be encouraged to include wildlife and
recreation in their management plans to help meet the
growing demand for recreational opportunities based on
wildlife resources?

✑ Will governments share some of their authority and re-
sponsibility with the private sector? 

✑ Can the split estate of public wildlife ownership and pri-
vate landownership, become a partnership for managing
wildlife on private lands? 

The authors feel it is important for private lands and their
owners to have a larger role in wildlife and recreation man-
agement. They say it is time for governments, organizations,
landowners, recreationists, and communities to set common
goals, share responsibilities, and work as partners in conserv-
ing and using our wildlife and other natural resources. If this
book opens such a dialogue, it will have been successful.—
Jan Wiedemann, Texas Section Society for Range
Management, College Station, Texas 

A Guide to Plant Poisoning of Animals in North America.
By Anthony P. Knight and Richard G. Walter. 2001.
Published by Teton New Media, Jackson, Wyoming. 367 p.
US$49.00 paper. ISBN 1-893441-11-3.
Poisonous plant research began in the United States in 1894,

when the USDA sent Victor King Chesnut to begin investiga-
tion of plants that were suspected of killing livestock on west-
ern rangelands. The work flourished at several midwestern
and western locations. In 1889 Louis H. Pammel began an il-
lustrious career as a botanist at Iowa State University, and in
1911 Pammel published the first important book on poisonous
plants in North America, A Manual of Poisonous Plants,
chiefly of eastern North America. (Interestingly, Louis
Pammel invited George Washington Carver to begin graduate
school at ISU, and Carver became Pammel’s 1s t assistant in
1895). Since Pammel’s time, there have been a number of
books appear on the subject of poisonous plants, most notably
the 1964 classic by Cornell professor John Kingsbury,
Poisonous Plants of the United States and Canada.
Veterinarians, livestock owners, research scientists, many lay
people, and even rural real estate brokers have an interest in
poisonous plants. So why is there a need for another book on
poisonous plants? Quite simply, none of the current books has
high quality color photographs essential for correct identifica-
tion. The many books available with color photographs of
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flowering plants (including toxic plants) typically have little if
any information about potential toxicity or treatment.
Kingsbury’s book, for example, has only line drawings for a
few of the plants discussed in the book. The new book by
Knight and Walters fills this need very well with hundreds of
vivid color photographs of plants and flowering parts.The
publisher plans to release a companion CD ($20.00) contain-
ing the original text and photos plus additional photographs of
the plants in various stages of growth.

When animals on pasture or rangelands become sick or die,
the owner or hired hand is usually the first person on the
scene, and the local veterinarian is usually the first person
consulted for diagnosis and treatment. This book is organized
to reflect that reality by categorizing plants according to the
most common clinical signs shown by affected animals. In
contrast, most other books on poisonous plants are divided
into sections according to the toxin in the plant or by botanical
family. These latter approachs work well for academic text-
books, and in some grazing situations where a toxic plant is
already known or suspected to cause problems. In cases of
plant poisoning where the plant is unknown, a first attempt to
diagnose the problem using clinical signs can be very useful
for livestock owners or veterinarians. Additionally, the excel-
lent color photographs provide observers the opportunity to
visually match the suspected culprit with photographs in the
book.

The book’s ten chapters are organized into: 1. plants causing
sudden death; 2. plants affecting the cardiovascular system; 3.
plants affecting the digestive system; 4. plants affecting skin
and liver; 5. plants affecting blood; 6. plants affecting the ner-
vous system; 7. plants causing kidney failure; 8. plants associ-
ated with congenital defects and reproductive failure; 9. plants
affecting the musculoskeletal system; and 10. plants affecting
the mammary gland. The chapters are generally divided into
sections covering habitat, plant description, principal toxin,
clinical signs, diagnosis, treatment, and prevention. The clear
layout and well-organized sections contribute greatly to the
book’s attractive format. The technical information in each
chapter is comprehensive and up-to-date, with extensive liter-
ature citations. 

This book is an excellent marriage of practical veterinary
toxicology and plant botany. Tony Knight is currently the
Department Head of Veterinary Clinical Sciences at Colorado
State University, Ft. Collins. Richard Walters is an Assistant
Professor of botany at CSU. The lay person reading this book
will not find any of those confusing “chicken-wire” chemical
structures so prevalent in other poisonous plant books.
Together Knight and Walters provide a very readable and gor-
geously illustrated book that will serve many interested indi-
viduals as a practical reference manual for poisonous plants.

There are two other noteworthy and current books on poiso-
nous plants that might be of interest. Drs. George Burrows
and R. J. Tyrl, Oklahoma State University, published T o x i c
Plants of North America in early 2001, a truly monumental
work (1350 pages) on poisonous plants (Iowa State University

Press, Ames). This highly detailed and meticulously organized
book will be a great reference book for researchers, veterinari-
ans, and academicians. Another worthy choice is Dr. Peter
Cheeke’s Natural Toxicants in Feeds,  Forages,  and
Poisonous Plants (1998; Interstate Publishers, Danville,
Illinois). Cheeke’s book is also oriented towards the serious
researcher or university student. I can’t help but think that
Victor King Chesnut and Louis Pammel would be pleased at
the body of knowledge that has emerged on poisonous plants,
built largely on the foundations they and others helped to es-
t a b l i s h . —James A. Pfister, USDA Poisonous Plant Research
Laboratory, Logan, UT
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Plant Ecologist (GS-11/12). The Agricultural Research
Service of the U.S. Department of Agriculture has a perma-
nent, full-time research employment opportunity for a Plant
Ecologist who will conduct basic and applied research on
plant community changes and ecosystem processes in tem-
perate/humid grassland ecosystems as affected by grazing
animals and agricultural management. The position will be
located in the USDA-ARS Pasture Systems and Watershed
Management Research Unit on the campus of Penn State
University in University Park, PA. The specific research ob-
jective is to quantify the contribution of plant species diver-
sity to grazed ecosystem productivity, resilience, and persis-
tence by: 1) determining how biodiversity in grazing lands
affects productivity at multiple scales, 2) quantifying spatial
variability in plant populations and communities in grazed
ecosystems, and 3) integrating the information into appro-
priate models. Research is predominantly field-based and
will be conducted at multiple scales and will require innova-
tive experimental designs and approaches to determine how
spatial variability and  landscape factors affect ecosystem
processes. The research will be conducted collaboratively as
part of an interdisciplinary team researching the effects of
grazing systems on biodiversity, nutrient cycling, productiv-
ity, and hydrology of farms and landscapes. A Ph.D. or
equivalent in plant ecology, botany, or a closely related field
is desired. Candidates must have knowledge of the princi-
ples, theories, and practices of plant ecology and be skilled
in the use of multivariate and spatial statistical techniques in
the design and analysis of plant ecology experiments.
Starting annual salary will be  $43,326 to $67,500. For in-
formation on the research program please contact Dr. Matt
Sanderson at 814-865-1067 or mas44@psu.edu. For a
Vacancy Announcement, which includes complete applica-
tion instructions and required qualifications please contact
Donita Gibonney (814-863-0940). You will also find the an-
nouncement posted on the Ree website at
www.ars.usda.gov/afm2/divisions/hrd/index.html under an-
nouncement ARS-X2E-1551. Applications must be post-
marked by December 17, 2001. This is a competitive, per-
manent appointment and U.S. citizenship is required. ARS
is an equal opportunity provider and employer. Women and
minorities are encouraged to apply.
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Happy Holidays from the SRM Staff, Family, and Friends!

Sam Albrecht Kindra Gordon Gary Frasier

Back Row: left to right: Jeff Burwell, Kirsten Tardy, Yuriy and Svetlana Glushko;
Middle Row: Aaron Barr, Jeff’s fiance, Jan; Ann Harris, Patty Rich, and Maria Daley;
Front Row: Our Hawaiian Friends!!!
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